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Abstract

Background: Hypertrophic pachymeningitis 

(HP) can be categorized into primary (idiopathic) 

and secondary HP depend on identifiable 

underlying cause. Nowadays, it is difficult to 

distinguish between them.

Objective: The primary aim of this study was 

identified distinct characteristic between primary 

and secondary HP by clinical manifestations, 

investigation and treatment response in Prasat 

Neurological Institute.

Methods: A retrospective study was conducted 

between January 2012 until June 2019. We 

reviewed the clinical records which diagnosis of HP 

consist of clinical features, laboratory data, MRI 

finding and treatment. Fisher’s exact test and 

Mann-Whitney U were used for determine the 

statistically significant differences (p-values < 0.05) 

between etiology groups of HP.

Results: 84 patients with HP were included 

with 50 female and 34 male, median age at onset 

was 51 (38-62) years. Etiologies of HP were 

classified to idiopathic HP 64.3%, IgG4-related HP 

21.4%, ANCA-related HP 2.4%, and the other such 

as meningioma, neurosarcoidosis, aspergillosis. 

Common clinical presentation were double vision, 

focal headache, ptosis and abnormal facial 

sensation which no different of IgG4-related HP and 

idiopathic HP. The T1WGd MRI of IgG4-related HP 

showed irregular pattern of dural thickening and 

enhancement more than idiopathic HP (50% vs 

13%), significant difference (p-value 0.002). The 

distribution of lesions presented diffuse in IgG4-

related HP more than idiopathic HP (27.8% vs 

7.4%), significant difference (p-value 0.031). IgG4-

related HP showed positive of ANA, increased ESR/
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 CRP and decreased hematocrit more than 

idiopathic HP. The recurrence rate of idiopathic HP 

was 26% and IgG4-related HP was 22%.

Conclusion: Idiopathic HP was the most 

common type and IgG4-related HP was the most 

common coexisting disease. The clinical features 

and response to corticosteroid therapy were similar 

between idiopathic and IgG4-related HP. The MRI 

showed irregular and diffuse dural enhancement 

combine with positive ANA test, high serum ESR/

CRP, lower hematocrit may be clues to help 

identified IgG4-related HP.

Keywords: Hypertrophic pachymeningitis, 

IgG4-related disease, Cranial neuropathy, Dural 

enhancement

Introduction

Hypertrophic pachymeningit is (HP) is 

characterized by a localized or diffuse thickening 

of the cranial or spinal dura mater, with or without 

associated inflammation.1 HP is divided to two types 

depending upon the underlying etiology: primary 

(idiopathic) HP for which no identifiable cause and 

secondary HP for which there are identifiable 

coexisting cause, include infectious (Mycobacterium 

tuberculosis, syphilis, fungal infection), autoimmune 

or inflammatory (antineutrophil cytoplasmic antibody 

related HP (ANCA-related HP), IgG4-related HP, 

rheumatoid arthritis, neurosarcoidosis), neoplastic 

(meningioma, dural carcinomatosis, lymphoma).1-3 

Magnetic resonance imaging (MRI) is useful aid to 

diagnostics of HP, with thickening and dural 

enhancement.2

There are only a few publications of HP1,3-6 and 

most of them are case series of idiopathic HP.1,3,5,6,11 

The only epidemiological survey is published from 

Japan group.2 However, the characteristics to 

differentiate between primary and secondary HP were 

limited. The primary aim of this study was identified 

distinct characteristic between primary and secondary 

HP by clinical, investigation and treatment response 

in Prasat Neurological Institute, Thailand.

Materials and Methods

1. Subjects and methodology

A retrospective study was conducted at Prasat 

Neurological Institute. This study was approved by 

the Local Ethics Review Board. We reviewed the 

clinical records which diagnosis of hypertrophic 

pachymeningitis consist of clinical manifestations, 

laboratory, MRI and treatment. The study period 

was set from January 2012 until June 2019. The 

treatment response and recurrent rate were 

reviewed until last visit or loss follow up.  Inclusion 

criteria included: HP was diagnosed by clinical 

manifestations of headache, cranial neuropathies 

or other neurological deficit which compatible with 

thickening and enhancement of dura mater on MRI 

in T1-weighted gadolinium (T1WGd). Lumbar 

punctures were performed for cerebrospinal fluid 

(CSF) analysis. Exclusion criteria included: 

intracranial hypotension, vascular aneurysm 

causing cranial nerve (CN) symptoms, no dural 

enhancement and thickening on T1WGd. Patients 

were classified to several groups according to 

etiology of HP. The IgG4-related HP was diagnosed 

to definite, probable or possible of comprehensive 

diagnostic criteria for IgG4-related disease.10 The 

ANCA-related HP was regarded if C-ANCA or 

P-ANCA was positive underlying of ANCA-related 

disease. Idiopathic HP was diagnosed after 

appropriate investigation without identifying the 

suspected causes.
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2. Imaging and laboratory

The MRI were reviewed by neuroradiologist. 

Thickening and enhancement of dura mater were 

categorized by location, overall distribution was 

categorized as diffuse define a contiguous area  

> 50% of one intracranial compartment consisting 

of the posterior fossa, either hemisphere or 

spanning greater than five vertebral level, as focal 

define < 50% of one intracranial compartment 

consisting of the posterior fossa, either hemisphere 

or spanning fewer than five vertebral level, as 

multifocal define >1 lesions, which non-contiguous. 

The pattern of enhancement was categorized as 

nodular, irregular and regular.4 Nodular define single 

or multiple which nodules > 0.5 cm in diameter, 

irregular if there were nodule < 0.5 cm, and regular 

if there was no nodularity at all.4 

Laboratory studies included: CSF glucose, 

CSF protein, CSF cell count and differentiation, CSF 

gram stain (G/S)/Acid fast bacilli (AFB), CSF culture, 

CSF PCR for Mycobacterium tuberculosis, CSF 

cytology, blood for erythrocyte sedimentation rate 

(ESR), C-Reactive protein (CRP), venereal disease 

research laboratory test (VDRL), antinuclear 

antibody (ANA), anti-neutrophil cytoplasmic 

antibody (ANCA), IgG4 level, rheumatoid factor 

(RF), anti-double stranded DNA (Anti-dsDNA), 

Angiotensin converting enzyme (ACE), anti-Ro, 

anti-La, fasting blood glucose, lactate dehydrogenase 

(LDH), serum galactomannan.

3. Dural biopsy

Dural biopsy was performed in some patients 

who require urgent surgical decompression, 

refractory to medical treatment or suspected 

infection or neoplasm. Dural biopsy for histology 

was report was reviewed for confirm etiologies of 

HP by neuropathologist.

4. Statistical analysis

The patients were classified by etiology of HP. 

Data was described median for continuous 

variables, frequencies (%) for categorical variables. 

Fisher’s exact test was used to compare categorical 

variables and Mann-Whitney U test used to compare 

continuous variables for determine the statistically 

significant differences between etiology groups of 

HP, p-values < 0.05 were considered statistically 

significant. The analysis data was performed using 

SPSS software version 17.0.

Results 

1. Baseline characteristics of patients

Eighty-four patients were enrolled in this study 

consisted of 50 females and 34 males. The female 

to male ratio was 1.47:1. The age of the patients 

ranged from 19-85 years with a median age of onset 

was 51 years (interquartile range (IQR); 38-62) 

(Table 1). Among etiologies of HP, 54/84 patients 

(64.3%) were diagnosed as idiopathic HP, 18/84 

patients (21.4%) were diagnosed as IgG4-related 

HP. The remaining coexisting related disease were 

rarely identified, with 2/84 patients (2.4%) with 

ANCA-related HP, 2/84 patients (2.4%) with 

neurosarcoidosis related HP. Infectious causes 

related HP including; aspergillosis for 2/84 patients 

(2.4%), M.tuberculosis for 2/84 patients (2.4%). 

Neoplasm that sometimes misdiagnosed as 

idiopathic HP were meningioma 3/84 patients 

(3.6%), schwannoma for 1/84 patient (1.2%) 

(Figure 1). The duration of symptoms usually occurs 

within first two weeks. Double vision was the most 

common symptoms of HP 66/84 patients (78.6%) 

followed by headache 65/84 patients (77.4%). Focal 

headache was the most frequent complaint than 

diffuse headache (87.7% and 12.3%, respectively). 
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Multiple cranial neuropathies were the more 

common than isolated involvement, and the third or 

sixth cranial nerves were more frequently affected, 

each CN equally 44% (37 patients) (Table 2). Four 

patients with limb motor weakness, which 1 patient 

had monoparesis caused by intracranial HP and 3 

patients had quadriparesis caused by spinal HP. 

Only 4/84 patients (4.7%) have headache without 

focal neurological deficit, 3 patients diagnosed 

idiopathic HP and 1 patient diagnosed as 

IgG4-related HP that have headache with seizure. 

Table 1 Demographic features of the patients with HP

Basic demographics All
(N=84)

Idiopathic HP
(N=54)

IgG4-related HP
(N=18)

P-value*

Sex, n (%)
   Male
   Female

34 (40.5%)
50 (59.5%)

25 (46.3%)
29 (53.7%)

 6 (33.3%)
12 (66.7%)

0.416

Age (years), median (IQR) 51(38-62) 48 (38-60) 55 (34-74) 0.524
BMI, median (IQR) 23.4(21.3-26.8) 23.4 (20.5-26.3) 23.8 (20.6-29.0) 0.589
Underlying disease, n (%)
   Diabetic mellitus
   Hypertension
   Hyperlipidemia
   Bell palsy
   Old cerebrovascular disease

16 (19.0%)
24 (28.6%)
13 (15.5%)

6 (7.1%)
3 (3.6%)

11 (20.4%)
17 (31.5%)
10 (18.5%)

5 (9.3%)
3 (5.6%)

3 (16.7%)
4 (22.2%)
2 (11.1%)
1 (5.6%)

0 

1.000
0.558
0.718
1.000
0.568

Other diagnosis, n (%)
   Sinusitis
   Venous sinus thrombosis
   Other**

10 (11.9%)
2 (2.4%)
6 (7.1%)

6 (9.3%)
2 (3.7%)
4 (7.4%)

2 (11.1%)
0 

1 (5.6%)

1.000
-
-

*  P-value between idiopathic and IgG4-related HP

** Other diagnosis; pituitary microadenoma, optic atrophy, parotid mass, maxillary mucous cyst, hypophysitis with diabetes insipidus

Idiopathic HP
64.3%

IgG4-related HP
21.4%

Meningioma
3.6%

Schwannoma
1.2%

M. Tuberculosis
2.4%

Aspergillosis
2.4%

Neurosarcoidosis related HP
2.4%

ANCA related HP
2.4%

Figure 1 Etiology classification of patients with HP
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Table 2 Clinical manifestation and neurological signs 

Clinical symptoms and signs All
(N=84)

Idiopathic
(N=54)

IgG4-related
(N=18)

P-value*

Duration to visit, n (%)
  1-14 days
  15-30 days
  1 month- 3 month
  >3 month

31 (35.7%)
23 (27.4%)
22 (26.2%)

8 (9.5%)

18 (33.3%)
18 (33.3%)
13 (24.0%)

5 (9.3%)

10 (55.6%)
3 (16.7%)
3 (16.7%)
2 (11.1%)

0.353
0.105
0.238
0.745
1.000

Temperature(C), median(IQR) 37.0 (36.8-37.2) 37.0 (36.8-37.2) 37.1 (36.5-37.5) 0.668
Symptoms, n (%)
  Headache
     - Focal Headache
     - Diffuse headache
  Visual loss
  Ptosis
  Double vision
  Abnormal facial sensation
  Dysarthria
  Dysphagia
  Otology symptom
  Weakness
  Fever
  Weight loss
  Seizure

65 (77.4%)
57 (67.9%)

8 (9.5%)
13 (15.5%)
33 (39.3%)
66 (78.6%)
15 (17.8%)
9 (10.8%)
7 (8.3%)
2 (2.4%)
3 (3.6%)
5 (6.0%)
5 (6.0%)
2 (2.4%)

45 (83.3%)
40 (74.0%)

5 (9.3%)
7 (13.0%)

20 (37.0%)
46 (85.2%)
10 (18.5%)
 6 (11.1%)
 6 (11.1%)

0
1 (1.9%)
2 (3.7%)
1 (1.9%)
1 (1.9%)

13 (72.2%)
12 (66.7%)

1 (5.5%)
2 (11.1%)
7 (38.9%)

13 (72.2%)
4 (22.2%)

0
0
0

1 (5.6%)
1 (5.6%)

  2 (11.1%)
1 (5.6%)

0.318
}1.000

1.000
1.000
0.289
0.739
0.326
0.326

-
0.440
1.000
0.152
0.440

Neurological signs, n (%)
Cranial nerve palsy
  Single cranial nerve
  Multiple cranial nerve
  Bilateral sides
  Unilateral side
Cranial nerves, n (%)
  I
  II
  III
  IV
  V1
  V2
  V3
  VI
  VII
  VIII
  IX
  X
  XI
  XII
  Limb motor weakness**
  Limb sensory impaired
  Sphincter dysfunction
  Neck stiffness

         
78 (92.8%)
24 (29.8%)
54 (63.0%)
9 (10.7%)

68 (80.9%)

0
15 (17.9%)
37 (44.0%)
25 (29.8%)
14 (16.7%)
13 (15.5%)

1 (1.2%)
37 (44.0%)

5 (5.9%)
2 (2.4%)
5 (5.9%)
5 (5.9%)
1 (1.2%)
4 (4.7%)
4 (4.7%)
2 (2.4%)
3 (3.6%)
1 (1.2%)

51 (94.4%)
15 (27.7%)
36 (66.7%)

5
56

0
8 (14.8%)

24 (44.4%)
12 (22.2%)
9 (16.6%)
9 (16.6%)
1 (1.8%)

30 (55.6%)
3 (5.6%)

0
5 (9.3%)
5 (9.3%)
1 (1.8%)
4 (7.4%)
1 (1.8%)

0
0
0

16 (88.9%)
  6 (33.3%)
10 (55.6%)

1
14

0
2 (11.1%)
7 (38.9%)
8 (44.4%)
3 (16.7%)
3 (16.7%)

0
8 (44.4%)

0
0
0
0
0
0

1 (5.6%)
1 (5.6%)
1 (5.6%)

0

0.161
}0.551

}1.000

-
1.000
0.787
0.126
1.000
1.000
1.000
0.430
0.568

-
0.322
0.322
1.000
0.566
0.440
0.250
0.250

-

*P-value between idiopathic and IgG4-related HP

** Limb motor weakness; monoparesis 1 patient, quadriparesis 3 patients
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MRI finding reported isolated intracranial HP 

were observed in 81/84 patients (96.4%), 1 patient 

had isolated spinal HP and 2 patients had combined 

intracranial and spinal HP. The most common 

locations were cavernous sinus in 60 patients 

(71.4%) followed by tentorial cerebelli in 46 patients 

(54.8%), superior orbital fissure/orbital apex in 43 

patients (51.2%). The dural enhancement revealed 

focal and multifocal patterns (41.7%, 42.8%, 

respectively) which more common than diffuse 

patterns (14.3%). The pattern of dural thickening 

was regular in 66.7% and irregular pattern in 22.6% 

and nodular pattern in 9.5% (Table 3). Laboratory 

data showed CSF G/S, CSF culture for bacterial and 

CSF PCR for mycobacterium were negative in all 

patients. Overall of ESR was mildly elevated. Serum 

IgG4 level elevated (cut off > 135 mg/dl) was found 

18 patients, which diagnosed as IgG4-related HP 

by possible, probable, definite criteria.10 Dural 

biopsy was done 27/84 patients (32.1%) of HP. 

Idiopathic 18 patients showed chronic inflammation 

with lymphocyte, monocyte, few plasma cells 

whilst IgG4-related HP 4 patients had evidence of 

lymphoplasmacytic infiltration and immunostaining 

IgG4 >10 cell/HPF, IgG4/IgG ratio > 40%. 

Aspergillosis 2 patients showed septate hyphae 

with acute angle branching. M.tuberculosis 1 

patient showed granulomatous formation. 

Meningioma 1 patient showed meningothelial tumor. 

Neurosarcoidosis 1 patient showed chronic 

inflammation, mild PMN.

2. Comparison of idiopathic HP and IgG4-

related HP

The demographic data, underlying disease 

including sinusitis and clinical features (CN III, IV, 

VI palsy and focal headache) were similar between 

idiopathic and IgG4-related HP (Table 1,2). One 

patient with spinal HP at the C-T level cause by 

IgG4-related HP. The lower CN IX, X, XI, XII 

(7 patients) were less frequently affected and found 

only in idiopathic HP that not showed in IgG4-

related HP. However, these patients refused to 

performed dural biopsy for confirm diagnosis.

The comparison of MRI between idiopathic 

and IgG4-related HP revealed significant overlap in 

imaging finding, the most common locations were 

cavernous sinus followed by tentorial cerebelli, 

superior orbital fissure/orbital apex area (Table 3). 

The location of cerebral dural convexity were found 

in IgG4-related HP (38.9%) more than idiopathic HP 

(18.5%), but no significant difference. Regular 

pattern of dural thickening and enhancement of 

idiopathic HP and IgG4-related HP were 81% and 

44%, respectively, with statistically significant 

difference (p-value 0.010). Also, IgG4-related HP 

had irregular pattern more than idiopathic HP (50% 

vs 13%), with statistically significant difference 

(p-value 0.002). The distribution of lesions 

presented diffuse in IgG4-related HP more than 

idiopathic HP (27.8% vs 7.4%), with statistically 

significant difference (p-value 0.031) (Table 3, 

Figure 3,4,5). The laboratory studies, median IgG4 

level of patient with IgG4-related HP was 259 mg/dL 

(IQR 224-312). The median ESR in IgG4-related HP 

was 57 mm/hr. (IQR 20-89) more than idiopathic HP 

was 31 mm/hr. (IQR 12-50), but no significant 

difference (p value 0.06). CSF profile showed no 

significant differences of both groups. The mean 

hematocrit in IgG4-related HP was lower than 

idiopathic HP, 36 % vs 39 %, respectively with 

statistically significant difference (p-value 0.032). 

IgG4-related HP had positive of ANA more than 

idiopathic HP, 33.3% vs 8.1%, respectively (p value 

0.051) (Supplementary table S1).
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Table 3 MRI finding of idiopathic HP and IgG4-related HP

MRI finding All
(N=84)

Idiopathic HP
(N=54)

IgG4-related HP
(N=18)

P-value*

Site of dural thickening, n (%)
   Cranial alone
   Spinal alone
   Both cranial and spinal

81 (96.4%)
1 (1.2%)
2 (2.4%)

54 (100%)
0
0

17 (94.4%)
1 (5.6%)

0

-

Cranial dural thickening, n (%) 83 (98.8%) 54 (100%) 17 (94.4%) 0.250
Supratentorial, n (%)
  Cavernous sinus
  SOF/Orbital apex
  Sphenoid wing
  Falx cerebri
  Cerebral convexity
  Skull base (anterior to middle fossa)

78 (92.8%)
60 (71.4%)
43 (51.2%)
20 (23.8%)
27 (32.1%)
22 (26.2%)
14 (16.7%)

49 (90.7%)
37 (72.5%)
26 (48.1%)
12 (22.2%)
15 (27.8%)
10 (18.5%)
7 (12.9%)

17 (94.4%)
13 (72.2%)
9 (50.0%)
5 (27.8%)
8 (44.4%)
7 (38.9%)
3 (16.7%)

0.328
1.000
1.000
0.752
0.249
0.114
0.709

Tentorial cerebelli, n (%) 46 (54.8%) 32 (59.3%) 11 (61.1%) 0.781
Infratentorial, n (%)
   Meckel’s cave
   Posterior fossa
   Falx cerebelli
   Internal acoustic canal
   Jugular foramen
   Hypoglossal foramen
   Craniocervical junction

29 (34.5%)
8 (9.5%)

20 (23.8%)
4 (4.8%)
7 (8.3%)
5 (5.9%)
5 (5.9%)
6 (7.1%)

18 (33.3%)
3 (5.5%)

12 (22.2%)
2 (3.7%)
4 (7.4%)
4 (7.4%)
4 (7.4%)
2 (3.7%)

7 (38.9%)
2 (11.1%)
5 (27.8%)

0
0
0
0

1 (5.5%)

0.572
0.574
0.668
1.000
0.545
0.545
0.545
1.000

Distribution of lesions, n (%)
   Focal
   Multifocal
   Diffuse

35 (41.7%)
36 (42.8%)
12 (14.3%)

21 (38.9%)
29 (53.7%)

4 (7.4%)

3 (16.7%)
9 (50.0%)
 5 (27.8%)

0.033
0.145
0.785
0.031

Pattern of dural thickening, n (%)
   Nodular
   Irregular
   Regular
Asymmetrical
Symmetrical
No bone involvement
Bone involvement
No Eiffel sign
Eiffel sign

8 (9.5%)
19 (22.6%)
56 (66.7%)
69 (82.1%)
14 (16.7%)
66 (78.6%)
17 (20.2%)
81 (96.4%)

2 (2.4%)

3 (5.5%)
7 (13.0%)

44 (81.4%)
46 (85.2%)
 8 (14.8%)
43 (79.6%)
11 (20.4%)
53 (98.1%)

1 (1.9%)

0
9 (50.0%)
8 (44.4%)

14 (77.8%)
 3 (16.7%)
15 (83.3%)
 2 (11.1%)
16 (88.8%)

1 (5.6%)

0.030
1.000
0.002
0.010
}0.718

Spinal dural thickening, n (%)
  C level
  T level
  L level
Diffuse
Irregular
Regular

3 (3.6%)
3 (3.6%)
3 (3.6%)
2 (2.4%)
3 (3.6%)
2 (2.4%)
1 (1.2%)

0
0
0
0
0
0
0

1 (5.6%)
1 (5.6%)
1 (5.6%)

0
1 (5.6%)
1 (5.6%)

0

}0.720

}0.424

-

*P-value between idiopathic and IgG4-related HP

SOF; superior orbital fissure



วารสารประสาทวิทยาแห่งประเทศไทย50 Vol.37 • NO.2 • 2021

A.      B. 

Figure 2 Idiopathic HP with right cranial neuropathies of CN III, IV, V1, V2, (A) MRI axial T1WGd shows 

thickening of dura and regular enhancement at right lateral wall of cavernous sinus. (B) Decreased of dural 

enhancement after 6 months of treatment with intravenous pulse methylprednisolone then oral prednisolone.

A.      B.  

C. 

Figure 3 IgG4-related HP with diffuse headache and seizure, (A) MRI axial T1WGd shows thickening of 

dura and enhancement with asymmetrical, diffuse, irregular pattern at floor of left anterior cranial fossa and 

right temporoparietooccipital region with mildly leptomeningeal involvement with parenchymal edema. 

(B) Decreased of dural enhancement after 6 months of treatment with intravenous pulse methylprednisolone 

then oral prednisolone and azathioprine. (C) IgG4 immunostaining shows IgG4+ plasma cells are increased, 

up to 100/HPF. (ปกหน้า)



51Vol.37 • NO.2 • 2021

A.      B. 

Figure 4 IgG4-related HP with left side headache and CN VI palsy, (A) MRI axial T1WGd shows thickening 

of dura and enhancement with asymmetrical, diffuse, irregular pattern at tentorial cerebelli, posterior fossa, 

left cavernous sinus and left lacrimal gland. (B) Decreased of dural enhancement after 2 months of treatment 

with intravenous pulse methylprednisolone then oral prednisolone.

A.      B. 

Figure 5 IgG4-related HP with quadriparesis, (A) MRI sagittal T1WGd shows thickening of dura and irregular 

enhancement, diffuse (> 5 vertebral level) at C- spine level. (B) Decreased of dural enhancement after 

4 months of treatment with intravenous dexamethasone then oral prednisolone and azathioprine. 

(ปกหน้าด้านใน)
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A.      B.  

C. 

Supplementary figure S1 Neurosarcoidosis, MRI T1WGd shows thickening of dura mater and enhancement 

with symmetrical, diffuse and irregular pattern whole cranial and spinal. (A) enhancement of dural cerebral 

convexity, tentorial cerebelli and optic nerve, (B) enhancement of Meckel’s cave and clivus, (C) enhancement 

of whole spinal dura mater, predominance at craniocervical junction and C-spine level. 

A.      B. 

Supplementary figure S2 Aspergillosis sinusitis with HP causing right CN II, III, IV, VI palsy, (A) MRI sagittal 

T1WGd shows thickening of dura and irregular enhancement at orbital apex with evidence of sphenoid 

sinusitis. (B) Decreased of dural enhancement after 3 months of treatment with voriconazole. (ปกหลงัด้านใน)
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A.      B. 
Supplementary figure S3 Meningioma with CN VI palsy, (A) MRI axial T1WGd shows focal thickening of 
dura and enhancement with nodular pattern at right cavernous sinus and clivus, (B) coronal view. Patient 

was followed up 1 years, lesions was same size. (ปกหลังด้านใน)

Supplementary table S1 Laboratory data of idiopathic HP and IgG4-related HP (cont.)

Laboratory finding All
(N=84)

Idiopathic HP
(N=54)

IgG4-related HP
(N=18)

P-value

CSF glucose (mg/dL) 
, median (IQR)
CSF glucose/plasma glucose     
, median (IQR)
CSF protein (mg/dL)
, median (IQR)
CSF WBC (cells/mm3)
, median (IQR)
CSF RBC (cells/mm3)
, median (IQR)
CSF G/S positive, n/N
CSF AFB positive, n/N
CSF C/S positive, n/N
CSF Cytology positive, n/N
CSF PCR MTB positive, n/N
CSF Crypto Ag, n/N
CSF VDRL, n/N
Serum VDRL positive, n/N
Galactomannan positive, n/N

CBC: WBC (/mm3)
, median (IQR)
   PMN (%), mean (IQR)
   Lymphocyte (%), mean (IQR)
   Eosinophil (%), mean (IQR)
   Monocyte (%), mean (IQR)
Hemoglobin (g/dL),mean (IQR)
Hematocrit (%), mean (IQR)
Platelet (/mm3), median (IQR)

67 (59-77)

0.63 (0.56-0.72)

35 (25-53)

1 (0-5)

0 (0-0)

0/69
0/55
0/43
0/68
0/56
0/30
0/14
0/77
1/26

8340 (6830-10150)

63 (58-67)
27 (23-30)

2 (1-4)
6 (5-9)

12.4 (11.3-13.7)
38 (35-42)

305500
(248750-381750)

69 (59-79)

0.64 (0.57-0.75)

35 (25-49)

1 (0-4)

0 (0-2)

0/47
0/36
0/28
0/47
0/40
0/21
0/6

0/47
0/16

8450 (7075-11450)

61 (56-66)
27 (23-31)

3 (1-5)
6 (5-9)

12.9 (11.6-14.0)
39 (36-43)

317000
(248750-383750)

68 (56-81)

0.62 (0.55-0.76)

37 (31-70)

3 (0-9)

0 (0-0)

0/14
0/14
0/10
0/14
0/12
0/6
0/5

0/18
0/6

8450 (6275-9282)

65 (60-68)
245 (22-28)

2 (1-3)
6 (5-9)

11.9 (10.5-13.3)
36 (32-41)

300500
(247500-394250)

0.687

0.598

0.242

0.092

-

-
-
-
-
-
-
-
-
-

0.289

0.101
0.108
0.166
0.790
0.080
0.032
0.969
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Laboratory finding All
(N=84)

Idiopathic HP
(N=54)

IgG4-related HP
(N=18)

P-value

ESR (mm/hr) median (IQR)
ESR >50 mm/hr, n/N (%)
CRP (mg/L), median (IQR)
ANA positive, n/N (%)
C-ANCA positive, n/N
P-ANCA positive, n/N
IgG4 >135 mg/dL, n/N
IgG4 level (mg/dL)
, median (IQR)
RF positive, n/N
Anti dsDNA positive, n/N
Anti Ro positive, n/N
Anti La positive, n/N
Anti Sm positive, n/N
ACE elevation, n/N

FBS

LDH

CEA

AFP

PSA

CA 19-9

CA 125

33 (13-60)
24/74 (32.4)

7 (3-21)
7/55 (12.7)

0/45
0/45

18/59
89 (51-188)

5/51
0/4

0/16
0/16
0/3
1/7

93 (88-110)

151 (122-317)

0/9

0/7

0/3

0/8

0/4

31 (12-50)
12/47 (25.5)

8 (5-23)
3/37 (8.1)

0/28
0/28
0/36

66(43-102)

3/30
0/1
0/9
0/9
0/1
0/3

91 (84-109)

163 (120-354)

0/4

0/3

0/2

0/3

0/3

57 (20-89)
10/17 (52.9)
23 (17-28)
4/12 (33.3)

0/11
1/11

18/18
259 (224-312)

1/12
0/3
0/4
0/4
0/2
0/2

95 (86-110)

137 (111-229)

0/4

0/2

0/1

0/3

0/1

0.060
0.068
0.283
0.051

-
0.282

-
-

1.000
-
-
-
-
-

0.779

0.284

-

-

-

-

-

Supplementary table S2 Treatment of idiopathic HP and IgG4-related HP 

Treatment and response Idiopathic HP

(N=54)

IgG4-related HP

(N=18)

P-value

Initial corticosteroids, n (%)

  IVMP (1gm/day 3-5 day)

  Dexamethasone iv (16mg/day)

  Prednisolone oral (1mg/kg/day)

29 (53.7)

 8 (14.8)

14 (25.9)

  10 (55.6)

  5 (27.8)

  3 (16.7)

1.000

0.529

0.296
Maintenance drug, n (%)

  Prednisolone alone

  Prednisolone + Azathioprine

  Prednisolone + Mycophenolate mofetil

38 (70.4)

12 (22.2)

 1 (1.9)

10 (55.6)

  8 (44.4)

0

0.239

0.129

-
Response of treatment, n (%)

  Complete recovery

  Partial recovery

  No improvement

28 (51.9)

23 (45.0)

3 (5.6)

14 (77.8)

 4 (22.2)

0

0.081

0.060

0.057

1.000
Duration of steroids (months), median (IQR) 9 (6-14) 10 (7-14) -
Duration of non-steroidal immuno-

suppressants (months), median (IQR)

18 (15-24) 15 (12-23) -

Recurrent HP, n (%) 14 (26) 4 (22.22) 0.528

Supplementary table S1 Laboratory data of idiopathic HP and IgG4-related HP
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3. Other etiologies of HP

Two patients with neurosarcoidosis had both 

cranial and spinal HP, diffuse and irregular of dura 

mater with complication 1 patient developed 

hydrocephalus, the other one syringomyelia which 

CSF low sugar, high protein, normal cell and 

increased ACE level (Supplementary figure S1). Two 

patients with aspergillosis related HP were proved 

by dural histopathology showed septate hyphae 

with acute angle branching and/or positive serum 

galactomannan and CSF showed high protein in 

both case, one patient had CSF low glucose, 

CSF pleocytosis with neutrophil predominated 

(Supplementary figure S2). Two patients with 

ANCA-related HP (one case had P-ANCA positive 

and another one was C-ANCA were positive) that 

had MRI findings similar to idiopathic HP. Two 

patients diagnose as Mycobacterium tuberculosis 

HP, negative CSF PCR for mycobacterium but 

one patient performed dural biopsy revealed 

granulomatous inflammation ant both of them were 

responsive to anti-tuberculosis. Three patients 

with meningioma but only one patient was proved 

to meningothel ia l  tumor by dural  b iopsy 

(Supplementary figure S3).

4. Treatment and prognosis

Initial treatment with corticosteroids in both 

idiopathic HP and IgG4-related HP were intravenous 

pulse methylprednisolone (IVMP) nearly half 

of them. Idiopathic HP had maintenance with oral 

prednisolone in 70.4%, prednisolone plus 

azathioprine in 22.2%, while IgG4-related HP 

maintenance with prednisolone in 55.6%, 

prednisolone plus azathioprine in 44.4%. Treatment 

response until fully recovery of idiopathic and 

IgG4-related HP were 51.9%, 77.8%, respectively 

with no statistical significance. The median duration 

of steroids in idiopathic HP was 9 months (IQR 

6-14), IgG4-related HP was 10 months (IQR 7-14) 

and other immunosuppressant (azathioprine, 

mycophenolate mofetil) median duration was 18 

months (IQR 15-24), 15 months (IQR 12-23), 

respectively. The recurrence rate of idiopathic 

HP was 26% and IgG4-related HP was 22% 

(Supplementary table S2).

Discussion

In our study, idiopathic HP is most common 

etiology (64%), similar to previous study (44% in 

study from Japan and 50% in study from USA).2,4 

But proportion of coexisting related HP are varies 

significantly between studies.2,4 IgG4-related HP is 

the most common coexisting diseases in our study 

(21.4%). While ANCA-related HP (30%) and IgG4-

related HP (9%) are the common coexisting 

diseases in the nationwide survey in Japan. Study 

from USA found neurosarcoidosis (28%) is the most 

coexisting diseases of HP.4 Idiopathic HP is a 

challenging diagnosis, have to separate from 

secondary HP. In our study, sex ratio and the 

median age of onset are not significant differences 

between idiopathic and IgG4-related HP, that 

similar to previous studies.2,5,6 The underlying 

diseases such as diabetic mellitus (DM) or sinusitis 

are similar in both idiopathic or IgG4-related HP. 

But all cases of aspergillosis related HP in our study 

had DM with sinusitis, so all HP that had underlying 

DM with sinusitis that should be considered fungal 

infection.

In our study, diplopia and focal headache are 

the most common clinical manifestations in both 

idiopathic HP and IgG4-related HP, as similar to 

previous study.1,2 CN VI, III, IV neuropathies are the 

most common involvement in both groups. The 
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cranial neuropathies were varies among study.1,2,6 

Lower cranial neuropathies (CN IX, X, XI, XII) is very 

rare in our study, that found 7 cases with idiopathic 

HP and rarely reported in previous studies.1,2,6 

Clinical features depend upon location of dural 

involvement have been mechanism of dural 

compression, dural inflammation adjacent to cranial 

nerve or brain parenchyma which it can occurs 

other neurological complication such as seizure, 

weakness, venous congestion, venous sinus 

thrombosis. In our study, 2 patients with idiopathic 

HP have venous sinus thrombosis and 1 patient with 

IgG4-related HP has seizure with brain edema 

adjacent to lesion.

In our study, the most common location of 

dural enhancement in idiopathic HP are cavernous 

sinus, superior orbital fissure and tentorial cerebelli 

that similar to previous study.6 In our study, idiopathic 

HP has regular and multifocal enhancement 

while IgG4-related HP has irregular and diffuse 

dural enhancement. The previous case series, 

IgG4-related HP had irregular pattern of dural 

enhancement with leptomeningeal involvement 

and brain parenchymal effect.8,14,15 That similar to 

one case of our study showed leptomeningeal 

involvement. The previous study had MRI showed 

peripheral pattern enhancement exhibited “Eiffel by 

night” which have found in idiopathic more than 

secondary HP.5 but in our study, Eiffel by night found 

2 patients in each idiopathic and IgG4-related HP.

The laboratory data, median value of ESR in 

IgG4-related HP is increase than idiopathic HP. 

52.9% in IgG4-related HP, 25.5% in idiopathic HP 

have ESR level > 50 mm/hr. Although, previous 

studies reported that ESR or CRP increased in 

idiopathic HP.1,2,3,11 The patient with ANCA-related 

HP showed elevation of ESR (63%) more than IgG4-

related (57%) and idiopathic HP (38%), which CRP 

had trend similar to ESR.2 The CSF analysis profiles 

are not different between idiopathic and IgG4-

related HP and similar to the previous case series.8,9 

In this study, IgG4 group has significant lower of 

hematocrit than idiopathic HP. Some reports of 

IgG4-related disease had associated with 

autoimmune hemolytic anemia.12,13

In our study, response of treatment between 2 

groups are not significant difference. Corticosteroids 

is first line treatment of idiopathic and IgG4-related 

HP, taper off and discontinue 3-6 months.6,7,9,16 

However, many Japanese clinicians recommend 

use of low dose steroid maintenance therapy for up 

to 3 years.7,16 The other immunosuppressant was 

mostly azathioprine recommended in insufficient 

response to steroid, event of recurrence or 

complication of steroid.6,7,16 

However, our study has some limitations. First, 

the quality of MRI had different magnetic field such 

as 1.5 or 3 Tesla, varies sequence of T1WGd with 

conventional or thin slide with fat suppression. 

Second, laboratory studies including dural biopsied 

varies among patients that may limited to identified 

cause of coexisting HP. Third, amount of coexisting 

diseases have a few cases which impossible to 

performed statistical analysis. 

Conclusion

HP have categorized as primary or idiopathic 

which the most common type and secondary HP 

by identified coexisting disease. IgG4-related HP 

are most common coexisting disease in this study. 

The clinical features and response to corticosteroid 

therapy are similar between idiopathic and IgG4-

related HP. However, the positive ANA test, high 

serum ESR/CRP, lower hematocrit level combine 
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with irregular and diffuse dural enhancement of MRI 

or spinal cord may be clues to help identified 

coexisting disease such as IgG4-related HP. Others 

coexisting that can misdiagnose as idiopathic HP 

including ANCA-related HP, infectious related HP 

or tumor (meningioma/schwannoma) are relative 

rare in our study.
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