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Case report: Clinical highlights
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pachymeningitis: A rare case
series and updated review of
the literature
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Department of Orthopaedics, China-Japan Union Hospital of Jilin University, Changchun, China

Purpose: Hypertrophic pachymeningitis associated with immunoglobulin G4-
related disease (IgG4-RD) has been rarely reported, and there is little
information and no clear consensus on the management of 1gG4-related
spinal pachymeningitis (IgG4-RSP). The present study described its possible
clinical features, including the symptoms, imaging, treatment and prognosis of
patients with IgG4-RSP.

Methods: We report three patients who presented with progressive
neurological dysfunction due to spinal cord compression. Relevant articles
were searched from the PubMed, Web of Science, and Embase databases, and
the resulting literature was reviewed.

Results: The literature review provided a summary of 45 available cases, which
included three cases from our center. Progressive worsening of neurological
impairment was observed in 22 patients (48.9%). The lesions involved the
thoracic spine (n=28, 62.2%), cervical spine (n=26, 57.8%), lumbar spine (n=9,
20.0%), and sacral spine (n=1, 2.2%). Furthermore, the lesions were located in
the dura mater (n=18, 40.0%), epidural space (n=17, 37.8%), intradural-
extramedullary space (n=9, 20.0%), and intramedullary space (n=1, 2.2%). On
magnetic resonance imaging (MRI), the lesions generally appeared as striated,
fusiform, or less often lobulated oval changes, with homogeneous
(n=17,44.7%) and dorsal (n=15,39.5%) patterns being the most common.
Thirty-five patients had homogeneous T1 gadolinium enhancement. Early
surgical decompression, corticosteroid treatment, and steroid-sparing agents
offered significant therapeutic advantages. A good therapeutic response to
disease recurrence was observed with the medication.

Conclusion: The number of reported cases of IgG4-RSP remains limited, and
patients often have progressive worsening of their neurological symptoms. The
features of masses identified on the MRI should be considered. The prognosis
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was better with decompression surgery combined with immunosuppressive
therapy. Long-term corticosteroid treatment and steroid-sparing agent
maintenance therapy should be ensured. A systemic examination is
recommended to identify the presence of other pathologies.

KEYWORDS

immunoglobulin G4 (IgG4), immunoglobulin G4-related disease (IgG4-RD),
immunoglobulin G4-related hypertrophic pachymeningitis (IgG4-RHP),
immunoglobulin G4-related spinal pachymeningitis (IgG4-RSP), American Spinal
Injury Association (ASIA), spinal compression, magnetic resonance imaging (MRI)

Introduction

IgG4 is a subtype of the immunoglobulin IgG that accounts
for approximately 1-4%, and IgG4-related disease (IgG4-RD) is
closely associated with IgG4 lymphocytes as an antigen-driven
disease (1-4). The discovery of IgG4-RD has been a gradual
process. Hamano et al. (2001) were the first to report that
autoimmune pancreatitis is associated with elevated serum
IgG4 (1). Furthermore, Kamisawa et al. (2) identified various
IgG4-positive plasma cells in pancreatic biopsies with
characteristic changes, such as interstitial fibrosis and
obliterative phlebitis, which confirmed the presence of IgG4-
RD. Subsequent studies have revealed that IgG4-RD is a systemic
immune-mediated inflammatory disease of fibrosis (3, 4). The
most common sites of involvement include the pancreas, bile
duct, salivary glands, lacrimal glands, posterior peritoneum wall,
and lymphatic capillaries (5), and the peripheral and central
nervous system may also be involved (6). Some researchers have
reported that IgG4-related peripheral neuropathy primarily
involves the orbital or paravertebral region, and that this is
often incidentally detected on images of other involved organs
(7). IgG4-related hypertrophic pachymeningitis (IgG4-RHP) is a
rare complication that involves the dura mater, which results in
cranial neuropathy, encephalitis, hypophysitis and inflammatory
pseudotumor (8). Chan et al. (9) reported the first case of IgG4-
related spinal pachymeningitis (IgG4-RSP) with spinal cord
compression in a 37-year-old male. IgG4-RSP can cause spinal
compression that mimics metastatic disease or hemorrhage, and
this condition is frequently misdiagnosed. The infiltration of
various plasma cells in histopathological sections is a
characteristic of IgG4-RSP (10). The present study presents
three cases of IgG4-RSP, and discusses the clinical symptoms,

Abbreviations: ASIA, American Spinal Injury Association; CSF,
cerebrospinal fluid; HPF, high-power field; IgG, immunoglobulin G; 1gG4,
immunoglobulin G4; IgG4-RHP, immunoglobulin G4-related hypertrophic
pachymeningitis; IgG4-RSP, immunoglobulin G4-related spinal

pachymeningitis; MRI, magnetic resonance imaging.
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radiological findings, treatment and prognosis. A review of the
literature on this topic was also presented. In addition, The
imaging-based typing of IgG4-RSP was attempted using
radiological findings and lesion sites, in order to further
improve the diagnosis and treatment of this disease.

Materials and methods
Case reports

Casel

A 68-year-old male with no past medical history was
admitted with a three-day history of incontinence and
paraparesis. At four weeks prior to presentation, the
symptoms began with lower extremity numbness, fatigue, and
difficulty in walking. The patient’s physical examination on
admission revealed loss of pain, light tactile, and temperature
sensations below T10. The strength of each muscle group of the
bilateral lower extremities was graded as 0. Furthermore, deep
tendon reflexes, cremaster and anal reflexes were absent, and the
toes were downgoing (American Spinal Injury Association,
ASIA Grade A). Moreover, the plantar stimulation bilaterally
elicited a flexion response (negative Babinski sign).

The laboratory examination revealed normal whole blood
cell count, erythrocyte sedimentation rate (ESR), C-reactive
protein (CRP) level, electrolyte concentrations, and hepatic
and renal function. Serum IgG and IgG4 were not measured.

The thoracic magnetic resonance imaging (MRI) revealed
abnormal band-like signals at the anterior-posterior margin of
the dura at the T9-11 level. Hypointense signals were revealed on
the T1-weighted imaging (T1WI) and T2-weighted imaging
(T2WI). One to two segments of the head and tail of the
lesion revealed cavitary changes in the spinal cord. The spinal
cord was primarily compressed at the ventral border, which
resulted in a decreased anterior-posterior diameter. The bony
structures and paravertebral soft tissues were not
involved (Figure 1).
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FIGURE 1

Preoperative thoracic MRI. (A) The sagittal T2WI revealed the homogeneous anterior-posterior spinal cord compression at the T9-T11 level, with
a hypointense signal. One to two segments of the head and tail of the lesion presented cavitary changes in the spinal cord. The axial T2WI
(corresponding to the white line in A) revealed the ventral and dorsal thickening of the dura, with a hypointense signal. (B) The sagittal TIWI

presents the hypointense signal (arrow).

The patient was preoperatively diagnosed with space-
occupying lesions, and tumors or hematomas were highly
suspected. On the day of admission, intravenous
dexamethasone (20 mg) was administered, and an indwelling
catheter was installed. Considering the severe neurological
symptoms, the enhanced MRI was waived, and emergency
surgery was performed.

Laminectomy was initially performed at the T9-T12
vertebral levels. The dorsal dura presented with band-like
thickening, a rubbery texture, and a lesion of approximately
5.0 cm. Furthermore, there were unclear boundaries within the

normal dura. The thickened dorsal dura was completely
resected. However, the structures of the arachnoid mater and
pia mater were difficult to define. The purple spinal cord became
thinner, and did not pulsate. The dura mater was closed after the
absence of spinal canal space-occupying residues was confirmed.
The resected thickened dura was processed for biopsy (Figure 2).

The histopathological examination revealed fibrosing
inflammatory changes in the dura due to the infiltration of
large numbers of plasma cells and fibrous tissue hyperplasia. The
immunohistochemistry suggested an IgG4-related autoimmune
disease, which led to the final diagnosis of IgG4-RSP (Figure 3).

FIGURE 2

(A) The thickened dorsal dura presenting a band-like shape and rubbery texture (approximately 5.0 cm in diameter). (B) View of the surgical site

after the complete resection of the thickened dorsal dura
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(A) A rubbery lesion resembling fish meat. (B) On histopathological examination, the dural mass and surrounding soft tissues presented with
chronic and acute inflammation, inflammatory granulomatous micro-abscesses, and a few granulomas. Fibrous tissue hyperplasia, calcification,
and a large number of plasma cells were present. The immunohistochemistry revealed the large-scale infiltration of IgG4-positive plasma cells.

Postoperatively, dexamethasone (20 mg, i.v.) was
administered once, daily, for two consecutive weeks. During
the drug course, the muscle strength of the bilateral lower
extremities remained at Grade 0, and there was no
improvement in the patient’s sensory deficits or incontinence.
The patient refused to undergo MRI re-examination and 1gG4
serology tests due to economic factors, which resulted in the lack
of postoperative radiological and serological results. The patient
was discharged on day 14, postoperatively, with improved
urination and sphincter function (ASIA grade B). The patient
underwent rehabilitation therapy and symptomatic treatment in
a local hospital after discharge, and concomitant oral treatment
with 60 mg/d of prednisone for one month. The dose was
reduced to 40 mg/d after one month, and maintenance
treatment was continued for two months. The drug dose was
slowly further reduced over a period of three months. After six
months, the lower extremity muscle strength was grade III-IV.
The patient had normal sensory functions and improved
defecation, and could walk.

Case 2

A 43-year-old male visited our hospital with a 15-day history
of neck pain, and bilateral lower-extremity weakness and
incontinence for four days as the chief complaints. The
physical examination upon admission revealed loss of
superficial sensation below T12, grade III triceps brachii
strength of the bilateral upper extremities (grade IV for the
remaining muscles), grade IT muscle strength of the main muscle
groups of the bilateral lower extremities, and positive bilateral
pathological signs (ASIA grade C). The serological tests revealed
a serum IgG level of 9.76 g/L, which was within the normal range
(8.00-16.00 g/L). The MRI manifestations included a strip-
shaped mass in the dorsal dura at the C4-T2 level, a slightly
hyperintense signal on T2WI, and a hypointense signal on
TIWI (Figure 4).

An indwelling urinary catheter was placed for the patient
after admission. Before surgery, the patient presented with
progressive symptoms, including loss of superficial sensation
below T4, grade 0 muscle strength in each muscle group of the

FIGURE 4

Preoperative cervical MRI. (A) The sagittal T2WI revealed a slightly hyperintense signal (arrow). (B) The sagittal TIWI revealed a hypointense

signal (arrow).
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bilateral lower extremities, and loss of sensation (ASIA grade A).
Epidural hematoma was considered, methylprednisolone (1,000
mg, i.v.) was administered, and emergency surgical
decompression was applied. A rubbery, strip-shaped mass that
resembled fish meat was tightly adhered to the dorsal dura at the
C2-T3 level, and the epidural space was completely compressed
without any hematomas. The mass was completely resected and
sent for pathological examination. The results revealed diffuse
lymphocyte infiltration with a large number of mature plasma
cells. Active fibrohistiocytic proliferation was also visible in the
mesenchyme. The immunohistochemical staining and
quantification of I1gG4 in high-power fields (HPFs) revealed
that greater than 40% of the cells were IgG-positive cells
(IgG4/1gG >40). Hence, a diagnosis of IgG4-RSP was made.
Postoperatively, the patient was intravenously treated with 240
mg/d of methylprednisolone, and the patient experienced
improvements in sensory function of the lower extremities
beginning on day five. On day 14, the patient was discharged,
but the muscle strength of each muscle group in the bilateral
lower extremities remained at 0 (ASIA grade B). After discharge,
the patient was instructed to orally take 40 mg/d of prednisone
for two months. The dose of prednisolone was slowly reduced
over the next four months. During the six-month follow-up, the
muscle strength of the main muscle groups in the bilateral lower
extremities recovered to level IV, and the sensory function
returned to normal.

Case 3

A 39-year-old male presented for treatment due to a 15-day
history of back pain, a two-day history of lower extremity
weakness, difficulty in walking, and difficulty in urinating. The
patient was admitted to our hospital. The patient’s physical
examination on admission revealed tenderness of segment T2,
loss of sensation below T12, grade III muscle strength of the
main muscle groups of the bilateral lower extremities, and
positive bilateral pathological signs (ASIA grade D). The
cerebrospinal fluid (CSF) collected via lumbar puncture
revealed an IgG level of 718.0 mg/L. The cervical MRI
revealed abnormal strip-shaped regions of signals at the
anterior-posterior margin of the dura at the C5-T4 level, a
hypointense signal on T1WI, a hyperintense signal on T2WI,
and homogeneous enhancement after gadolinium
enhancement on T1IWI. Methylprednisolone (1,000 mg/d)
was intravenously administered as a pharmacological
treatment after admission. However, the patient’s symptoms
worsened the following day, and presented with loss of
sensation below the horizontal line of the bilateral costal
arch, and a decrease to grade II (ASIA grade C) in muscle
strength of the bilateral lower extremities. An extramedullary
hematoma or nodule was highly suspected. Therefore,
methylprednisolone was discontinued on day three, and anti-
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tuberculous therapy was performed. After five days, the muscle
strength of the bilateral lower extremities was graded as 0
(ASIA grade A). The MRI revealed abnormal strip signals in
the anterior-posterior margin of the dura at the T1-T6 level, a
hypointense signal on sagittal T1WI, a hyperintense signal on
T2WI, and homogeneous gadolinium enhancement. Emergent
surgical decompression was immediately performed. Rubbery,
strip-shaped masses with a hard texture were widely
distributed in the dura mater. The subdural and epidural
lesions were resected and sent for pathological examination.
The results revealed diffuse plasma cell infiltration in fibro-
adipose tissues. The HPFs of the immunohistochemically
stained slides revealed that greater than 40% of cells were
IgG positive (IgG4+/1gG+ in >10 HPFs). The serological tests
revealed a serum IgG4 level of 1.050 g/L. The patient was
eventually diagnosed with IgG4-RSP. Methylprednisolone (500
mg/d) was postoperatively administered, and the muscle
strength of the right lower extremity recovered to grade I.
The dose of methylprednisolone was reduced to 240 mg/d for
six consecutive days, and reduced to 120 mg/d for three
consecutive days. The muscle strength of the right lower
extremity recovered to grade 2, and the left lower extremity
returned to grade 1. However, there was no improvement in
the patient’s sensory function (ASIA grade C). After discharge,
the patient was prescribed with oral prednisolone of 40 mg/d
for two months, followed by a gradual dose reduction over a
three-month period. During the long-term follow-up period,
the motor and sensory functions of the upper extremities
progressively recovered, and there was no evidence of
recurrence on MRIL

Literature review

The studies were retrieved from the PubMed, Web of Science,
and Embase databases using the following keywords as search
terms: (IgG4-related disease) and (IgG4-related sclerosing
pachymeningitis OR IgG4-related spinal pachymeningitis OR
IgG4-related hypertrophic pachymeningitis) and
(pachymeningitis) and (spine OR spinal). Case reports, case
series, and single-center and multicenter retrospective studies
that investigated IgG4-related spinal lesions were included.
Studies that only involved IgG4-related cranial or inflammatory
pseudotumors were excluded (Figure 5).

Two evaluators selected the studies, and any disagreements
were resolved by negotiation or consulting with the
corresponding author. The following information was
extracted from each of the selected articles: author’s name,
patient’s age, patient’s gender, clinical presentations, location
of mass involvement, MRI features, immunohistochemical
findings, treatment outcome, and prognosis.
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FIGURE 5

Flowchart for the literature search for IgG4-RSP.

Statistical analysis

The data was analyzed using the SPSS 22.0 statistical
software. Count data were expressed as n [%]. Comparisons
between groups were performed by chi-square test, totals of less
than 40 were compared using Fisher’s exact test, and multiple
comparisons were performed using Bonferroni correction,
0=0.05. P<0.05 was considered statistically significant.

Results

The selection process is illustrated in Figure 5. A total of 37
studies were included for the analysis in the present study, with a
total of 45 patients, including the three patients reported in the
present study (the details are provided in Table 1) (8-44). The
present study examined the clinical symptoms, radiological
manifestations, treatment and recurrence of IgG4-RSP.

Clinical presentations

There were 29 males (64.4%) and 16 females (35.6%), with a
male-to-female ratio of 1.8:1.0, and the age of most of the
patients ranged between 40 and 70 years old (range: 17-79
years old, median age: 52). The thoracic spine (n=28, 62.2%)
was the most frequently involved segment, followed by the
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cervical spine (n=26, 57.8%), lumbar spine (n=9, 20.0%) and
sacral spine (n=1, 2.2%). Longitudinal extensive involvement
across multiple spinal cord regions occurred in 11.1% of cases.
The main symptoms were derived from the spinal cord
compression in the involved segments, and these primarily
presented as varying degrees of sensorimotor dysfunction of
the extremities. Progressive deterioration of spinal cord
compression symptoms was reported in 22 patients (48.9%).
Headache and facial pain were reported in four patients (8.9%)
who had a lesion between the brain and cervical spine. Eleven
patients (24.4%) had a combined IgG4-related disorder with the
involvement of other organs, such as the brain, which was the
most commonly involved secondary organ.

Radiological manifestations

The lesion sites included the intradural-extramedullary
(n=9, 20.0%), dural (n=18, 40.0%), epidural (n=17, 37.8%) and
intramedullary (n=1, 2.2%). Five patients (11.1%) had multiple
regions of involvement, including the epidural+paravertebral
(n=3, 6.7%), dural+epidural (n=1, 2.2%), and epidural
+intradural-extramedullary (n=1, 2.2%) regions. The dural and
epidural spaces were the most commonly involved in IgG4-RSP.
According to the reported sagittal MRI scans, the masses were
defined as ventral, dorsal, or homogeneous (ventral and dorsal),
based on the position relative to the spinal cord (Figure 6).
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TABLE 1 Clinical data of the 45 cases of IgG4-RSP.

Involved area Imaging Treatment Outcome Recurrence
Features (After the (During the follow-up
first treat- period)
ment)
Chanetal. = 37 T5-T10. Dorsal type Decompression surgery N/A N/A
) Male (Epidural) T2:
(Bilateral submandibular gland = hyperintense.
involvement) T1:
homogeneous
gadolinium
enhancement
Choi et al. 46 T9-T11. Homogeneous Decompression surgery, Improved At two months after surgery.
(11) Female (Epidural) type. corticosteroids and
T2: antituberculous
hypointense. medication.
TI:
homogeneous
gadolinium
enhancement
(T9-T11,
epidural
surround)
Lindstrom 55 C3-7. N/A N/A Improved No
etal. (12) Male (Dural)
63 C2-3. N/A N/A N/A N/A
Male (Dural)
Della- 65 Posterior cranial fossa to C4 Dorsal type Corticosteroids, Improved No
Torre et al. = Male (Dural) T1: methotrexate and
(13) (hypertrophic pachymeningitis = homogeneous cyclophosphamide
of the posterior cranial fossa gadolinium
and abdominal periaortitis) enhancement
Tajima et 64 T3-T11 (Epidural) Dorsal type Corticosteroids Improved No
al. (14) Male (Cranial dura and renal T1:
involvement) homogeneous
gadolinium
enhancement
Wallace et 32 L5 N/A Decompression surgery Improved N/A
al. (15) Male (Dural)
Della- 48 Cranial dura to C1 Dorsal type Corticosteroids and Improved No
Torre et al. | Female (Dural) Tl: cyclophosphamide
(16) (Involvement of the posterior homogeneous
cranial fossa and greater gadolinium
occipital foramen) enhancement
Kim et al. 52 C7-T5 Ventral type Decompression surgery Improved No
(17) Female (Intradural) T2: and corticosteroids
hypointense.
TI:
homogeneous
gadolinium
enhancement
Sakai etal. = 32 Cl1-7, L5-S1 Dorsal type. Corticosteroids Improved No
(18) Female (Dural) TI:
(Cranial dura, pituitary, and homogeneous
lungs involvement.) gadolinium
enhancement.
(Continued)
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TABLE 1 Continued

Zwicker et
al. (19)

Involved area

58 C7-T6

Female (Epidural and dural)

Imaging
Features

Homogeneous
type

TI:
hypointense.
T2:
hypointense.
Tl:
homogeneous
gadolinium
enhancement

Treatment

Decompression surgery,
corticosteroids and
methotrexate

Outcome
(After the

first treat-
ment)

Improved

10.3389/fonc.2022.1035056

Recurrence
(During the follow-up
period)

No

Chen et al.
(20)

Ezzeldin et
al. (21)

49 T1-T3,L4-L5
Male (Epidural)

55 T2-T3
Male (Epidural and paraspinal)

Homogeneous
type.

TI:
homogeneous
gadolinium
enhancement

Ventral type
T2:
hypointense.
TI:
homogeneous
gadolinium
enhancement

Decompression surgery,
corticosteroids and
antituberculous
medication

Decompression surgery
and corticosteroids

Improved

Improved

A mass of subcutaneous tissue on
the left side of the neck was
found at eight months after

surgery.

N/A

Lu et al.
(®)

55 C2-T9
Male (Dural)

Homogeneous
type

T1:
homogeneous
gadolinium
enhancement

Decompression surgery,
corticosteroids and
cyclophosphamide

Improved

No

Ferreira et
al. (22)

Radotra et
al. (23)

57 T10-T12. (Epidural)
Female

50 L1-L2
Male (Intradural)

Homogeneous
type

TI:
homogeneous
gadolinium
enhancement

Homogeneous
type

T1: isointense.
T2:
hypointense
TI:
homogeneous
gadolinium
enhancement

Decompression surgery

Decompression surgery
and corticosteroids.

Improved

Improved

At three weeks after the first
surgery and two months after the
second surgery.

19 L2-L3
Male (Intradural)

Homogeneous
type

T1: isointense.
T2:
hypointense.
T1:
homogeneous
gadolinium
enhancement

Decompression surgery
and corticosteroids

Improved

No

Yangue et
al. (24)

18 C1-C7
Male (Intradural)

N/A

Decompression surgery

Improved

N/A

(Continued)
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TABLE 1 Continued

Involved area Imaging Treatment Outcome Recurrence
Features (After the (During the follow-up

first treat- period)
ment)

Zhao etal. | 49 T1-T4 Dorsal type Decompression surgery N/A N/A
(25) Female (Epidural) T1:
hyperintense
T2:
hyperintense
TI:
homogeneous
gadolinium
enhancement

Fernandez- = 55 Cranial dura to C3 Homogeneous Pleuro-pulmonary Improved No
Codina et Male (Dural) type (biopsy), corticosteroids
al. (26) (Cranial dura, pleura and T1: and rituximab

lungs involvement) homogeneous
gadolinium
enhancement

Williams 46 C4-T1. Homogeneous Corticosteroids and Improved No
etal. (27) Female (Epidural and paraspinal) type azathioprine
TI:

hypointense

TI:

homogeneous

gadolinium

enhancement

Maher et 79 C6-L2. Dorsal type. Decompression surgery, Improved/Died No
al. (28) Female (Dural) TI1L corticosteroids and from infection
hypointense rituximab

T2:

hypointense

TI:

homogeneous

gadolinium

enhancement

Bridges et 68 T3-T5. Ventral type Decompression surgery Improved No
al. (29) Male (Intradural) T1: and corticosteroids
hypointense

T2:

hypointense

TI:

homogeneous

gadolinium

enhancement

Rumalla et | 50 T4-T6 Ventral type Decompression surgery Improved No

al. (30) Male (Epidural and paraspinal) T1: and corticosteroids
(Lungs involvement) homogeneous

gadolinium

enhancement

Varrassi et = 62 C4 -T1. Homogeneous Orbital biopsy and Improved No

al. (31) Male (Intradural) type corticosteroids
(Cranial dura and orbital T1:
involvement) hypointense

T2:

hyperintense

TI:

homogeneous

gadolinium

enhancement

(Continued)
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TABLE 1 Continued

Involved area Imaging Treatment Outcome Recurrence
Features (After the (During the follow-up
first treat- period)
ment)
Winkel et 48 L2-L3. Homogeneous Decompression surgery Improved No
al. (32) Female (Epidural) type and corticosteroids
T2:
hypointense.
TI:
homogeneous
gadolinium
enhancement
Cagio et 56 Thoracic and lumbar spine Ventral type Corticosteroids Improved Recurred within two months of
al. (33) Female (Dural) T2: the patient’s corticosteroid course
hypointense
TI:
homogeneous
gadolinium
enhancement
Levraut et 55 C3-T3 Dorsal type Decompression surgery Improved No
al. (34) Male (Intradural) T1: isointense and corticosteroids
T2:
hypointense
TI:
homogeneous
gadolinium
enhancement
Merza et 60 T1-T7 Homogeneous Decompression surgery Improved No
al. (35) Female (Epidural) type and corticosteroids
TI:
homogeneous
gadolinium
enhancement
Sireesha et = 40 C5-T6 N/A Corticosteroids Improved No
al. (36) Female (Dural)
Slade etal. | 50 C7-T5 Dorsal type Corticosteroids Improved Recurrence after two months of
(37) Male (Epidural) T2:hypointense the patient’s corticosteroid course
Melenotte 57 Cervical spine (Epidural) Dorsal type Decompression surgery Improved No
et al. (38) Male T1: and corticosteroids
homogeneous
gadolinium
enhancement
57 T2-T3 N/A Decompression surgery Improved No
Male (Dural)
68 T9-L2 N/A Decompression surgery, Improved No
Male (Epidural) corticosteroids and
rituximab
31 C3-C5 Dorsal type Corticosteroids and Improved No
Male (Dural) T1: rituximab
(Cranial dura and orbital homogeneous
involvement) gadolinium
enhancement
Vakrakou 17 C2-C5 Homogeneous Corticosteroids and Improved No
et al. (39) Female (Intramedullary) type azathioprine
(Deep white matter and T2:
hypophysis involvement) hyperintense.
TI:
(Continued)
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TABLE 1 Continued

Involved area Imaging Treatment Outcome Recurrence
Features (After the (During the follow-up

first treat- period)
ment)

homogeneous
gadolinium
enhancement

Liet al. 58 T2-T7 Ventral type Decompression surgery.  Improved / Recurrence after the first
(40) Female (Intradural) T1: Death from postoperative year and at 3
hypointense infection after months after the second.
T2: recurrence.
hypointense

TI:

homogeneous

gadolinium

enhancement

Sbeih et al. | 24 C7-T6 Dorsal type Decompression surgery Improved No
(10) Male (Dural) T1: and corticosteroids.
hypointense

T2:

hypointense

TI:

homogeneous

gadolinium

enhancement

Elmaci et 37 C2-T2/T3 Dorsal type Decompression surgery. Improved Recurrence at two years after
al. (41) Female (Epidural) T1: isointense surgery.

T2:
hypointense
TI:
homogeneous
gadolinium
enhancement

Woo et al. 62 C4/C5 Dorsal type Decompression surgery, Improved No
(42) Male (Intradural) T1: isointense corticosteroids,
T2: antituberculous
hyperintense medication and
Tl: azathioprine.
homogeneous

gadolinium

enhancement

Sharma et 27 Cranial dura to C6 Homogeneous Decompression surgery,  Improved No

al. (43) Male (Dural) type corticosteroids,
(Brain and orbits T1: isointense azathioprine and
involvement) T2: iso- to rituximab

hypointense.

TI:

homogeneous

gadolinium

enhancement

Sankowski 56 Foramen magnum down to Homogeneous Biopsy N/A N/A
et al. (44) Male the C7 type

(Dural) T1:
hypointense
T2:
hypointense
TI:
homogeneous
gadolinium
enhancement

(Continued)

Frontiers in Oncology 11 frontiersin.org


https://doi.org/10.3389/fonc.2022.1035056
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Yang et al.

TABLE 1 Continued

Involved area Imaging

Features

10.3389/fonc.2022.1035056

Recurrence
(During the follow-up
period)

Outcome
(After the

Treatment

first treat-

The
present
case

68
Male

T9-T11
(Dural)

Homogeneous
type

TI:
hypointense
T2:
hypointense

ment)

Decompression surgery Improved No

and corticosteroids

43
Male

C4-T2
(Epidural)

Dorsal type
TL:
hypointense
T2:
hyperintense

Decompression surgery Improved No

and corticosteroids

39
Male

C5-T4
(Epidural and Intradural)

Homogeneous
type

TI:
hypointense
T2: T2:
hyperintense
T1:
homogeneous
gadolinium
enhancement

Decompression surgery, No

corticosteroids and

Improved

antituberculous
medication

The lesions involved the dorsal cord in 15 patients (33.3%),
the ventral cord in six patients (13.3%), and the homogeneous in
17 patients (37.8%), while this was not reported in seven patients.

In investigating the relationship between the location of the
lesions and disease progression, it was identified that 82.3% (14)
of 17 homogeneous patients were progressive. Meanwhile, 26.7%
(4) of 15 dorsal patients and 66.7% (4) of six ventral patients
were progressive. Furthermore, there was a significant difference
in the progression rate between the three groups (P=0.004,
P<0.01), and the results for the multiple comparison revealed

that the progression rate was significantly higher in the
homogeneous samples, when compared to the dorsal samples.
A total of 17 patients had TIWI data from the MRL a
hypointense signal on TIWI was observed in 10 patients, an
isointense signal was observed in six patients, and a hyperintense
signal was observed in one patient. Furthermore, the MRI T2WI
data was obtained for the other 23 patients: a hyperintense signal
on T2WT was observed in seven patients, a hypointense signal
was observed in 16 patients, and an isointense-to-hypointense
signal was observed in one patient. For all 35 patients,

Pia mater.

FIGURE 6
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This illustrates a mass accumulating outside the dura. The mass may be classified as ventral, dorsal, or homogeneous (accumulation on the
ventral and dorsal sides), depending on the location of the mass relative to the spinal cord in a right sagittal plane.
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homogeneous enhancement of TIW1 with gadolinium
was identified.

Treatment and prognosis

The treatment regimen used for the initial treatment was
examined (except for the two patients, in which no treatment
plan was reported). Among these patients, 30 patients (66.7%)
underwent decompressive laminectomy, 34 patients (75.6%)
received immunosuppressive therapy, three patients (6.7%)
underwent tissue biopsy at different sites, and four patients
(8.9%) received empirical antituberculosis therapy.

The treatment regimen in the acute phase (i.e. initial disease
detection) included surgical decompression and
immunosuppressive therapy. Eight patients (19.0%) underwent
surgical decompression only, six patients (14.3%) received
corticosteroid therapy only, 16 patients (38.1%) underwent
surgery combined with corticosteroid therapy, six patients
(14.3%) received corticosteroids plus steroid-sparing agents,
and six patients (14.3%) underwent surgery combined with
corticosteroid plus steroid-sparing agent maintenance therapy.
A long-term treatment (treatment cycle of >1 month) regimen
was used to prevent recurrence, and focus was given on the long-
term application of corticosteroids and steroid-sparing agents.
Among these patients, 14 patients (53.8%) received long-term
maintenance therapy with corticosteroids, and 12 patients
(46.2%) received maintenance therapy with corticosteroids and
steroid-sparing agents.

No treatment outcome was reported in four patients. For the
remaining 41 patients, all patients presented with symptomatic
relief and neurological recovery after initial treatment. Two of
the patients (4.9%) died postoperatively due to infection after
receiving initial treatments of surgical treatment alone, and
medication combined with surgical treatment.

Recurrence

Thirty-seven patients were followed up for longer than two
months after the initial treatment. For these cases, a total of six
relapses were reported (16.2%). The sub-analysis of various types
of treatments revealed that three recurrences were observed in
patients treated with decompression surgery alone (8.1%), two
recurrences were observed in patients treated with
corticosteroids only (5.4%), and one recurrence was observed
in a patient treated with decompression surgery and
corticosteroids (2.7%).

The specific duration of immunosuppressive therapy was
not reported in two cases, while the remaining four cases did not
experience prolonged immunosuppressive therapy at the time of
initial treatment. Overall, no recurrences were observed in
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patients who received long-term treatment with
immunosuppressives (1n=26), and four recurrences were
observed in patients who did not receive long-term therapies
(n=9). The difference in recurrence rate between the two groups
was statistically significant (P=0.002, P<0.01).

The treatment options after recurrence focused on surgery
and immunosuppressive therapy. The specific treatments and
prognoses for cases of recurrence are detailed in Table 2. Four
patients had a single recurrence (10.8%). Among these patients,
one patient had no reported specific treatment regimen, two
patients received an increased dose of corticosteroid therapy,
and one patient underwent decompression surgery combined
with immunosuppressive therapy. Furthermore, two patients
(5.4%) experienced secondary recurrence. These two patients
only underwent decompressive surgical intervention without
immunosuppressive therapy in the second round of treatment.
For patients who developed recurrence, the results of the final
follow-up revealed complete remission of neurological
symptoms in two patients, partial remission in two patients,
and death due to infection in one patient. No treatment outcome
was reported for one patient.

Two patients with secondary recurrence were carefully
reviewed. One patient was a 57-year-old female. The first
recurrence occurred for this patient at three weeks after the
initial decompression surgery. The symptoms were initially in
remission after the second surgery. Notably, no
immunosuppressive treatment was given during the follow-up
period. A second recurrence developed at two months after the
second surgery for this patient. The attending physician
administered an eight-month course of oral prednisolone (1
mg/kg/d) and epidural injections of methylprednisolone acetate
(80 mg/week) as maintenance therapy, in addition to
decompression surgery. The follow-up results revealed a
partial improvement of symptoms. A 58-year-old woman also
underwent decompression surgery after first recurrence, and the
symptoms improved. No immunosuppressive treatment was
given for this patient after the surgery. This second patient
developed recurrence after three months. The recurrence was
managed with one month of methylprednisolone and
cyclophosphamide, which provided symptom relief.
Unfortunately, this patient eventually died from
pulmonary infection.

Discussion
Symptoms

IgG4-RD involves multiple organ systems, and has a
tendency to develop multiple neoplastic lesions. The clinical

presentations are nonspecific, but these primarily consist of
dysfunction of the involved organs or tissues (45, 46). Patients
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TABLE 2 Treatment and prognosis of recurring patients.

Initial Treatment options after Results Presence of second recurrence and Results after
treatment recurrence after related treatment measures the second
protocol recurrence recurrence
treatment treatment
Choi Decompression Prednisone of 40 mg/d, lasting for Complete No Full remission
et al. surgery combined | one month, tapering to several remission
(11) with months; empirical antituberculous
dexamethasone medication
Ferreira Decompression Decompression surgery. Partial Yes Partial remission
et al. surgery remission Decompression surgery. Eight weeks of oral
(22) corticotherapy (1 mg/kg/d) and weekly epidural
administration of methylprednisolone (80 mg/
week).
Cagdo Corticosteroids Increase in steroids/corticosteroids Partial No. Full remission
et al. therapy (no dose (no details) remission
(33) details)
Slade Oral prednisone Decompression surgery; 11 courses Complete No Partial remission
et al. 40 mg/d for five of prednisone or methylprednisolone | remission
(37) days Tapered;
intravenous administration of
rituximab of 375 mg/m? weekly for
four weeks.
Li et al. Decompression Decompression surgery Partial Yes Died of infection
(40) surgery remission Methylprednisolone and cyclophosphamide after nine months.
treatment for one month
Elmaci Decompression Not reported Not reported No N/A.
etal surgery
(44)

with IgG4-RD may also present with fever, fatigue, night sweats,
and weight loss (47, 48). The most common symptoms in IgG4-
RSP patients are fatigue and motor sensory dysfunction of the
extremities, which occur in varying degrees. Among the 45 cases
obtained for the present study, 22 patients experienced
symptoms that gradually progressed over days to months, and
these symptoms presented as severe myeloid symptoms (8, 10,
11,17,19, 20,22, 23,27,29-31, 33-35, 39, 41, 43, 44). Therefore,
the progressive exacerbation of neurological symptoms may be
associated with a secondary spinal cord injury caused by chronic
spinal cord ischemia, and the acute exacerbation of
inflammatory cascade activation (49, 50). These progressively
exacerbated neurological symptoms may serve as a hint during
the clinical diagnosis.

Immune molecular pathogenesis

The immune molecular pathogenesis of IgG4-RD has not
been clarified. A previous research suggested that IgG4-RD is an
antigen-driven disease that involves IgG4+ B cells and T cells
(42). Della-Torre et al. (51) suggested an experimental
pathogenic model of IgG4-RD after a literature review, and
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reported that B and T cells exert synergistic functions in chronic
self-perpetuating immune reactions against specific antigens,
during which the production of inflammatory factors IL-4 and
IL-10 may drive antigen-specific B cells to undergo isotype
switching, and secrete IgE and IgG4. Other reports have noted
that macrophages and basophils are also potentially pathogenic
for IgG4-RD (52, 53).

Pathology, serology and CSF diagnosis

Hisanori et al. (2011) proposed the following presently well-
accepted diagnostic criteria for IgG4-RD: (1) single or multiple
organ thickening/nodular lesion, focal/diffuse enlargement or
mass; (2) serum IgG4 of >135 mg/dL; (3) typical
histopathological features. A definite diagnosis may be made
when criterion (1), and criterion (2) or (3) are satisfied (54).

The typical histopathological features of IgG4-RD include
intensive lymphocyte infiltration (IgG4/IgG+ cells >40% and/or
IgG4+ plasma cells >10/HPF), storiform swirling fibrosis, and
obliterative phlebitis (55). Obliterative phlebitis is rare in cases of
IgG4-RSP (12, 23, 38). The present study revealed that 22
patients had IgG4/IgG+ of >40% (8-10, 12, 13, 22, 23, 25, 29,
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34, 35, 38, 40, 42-44), and 33 patients had IgG4+ plasma cells of
>10/HPF (8-12, 15, 19, 22-32, 34-38, 40, 42, 44). Although there
is no international consensus criteria for the pathological
diagnosis of IgG4-RSP, dura mater biopsy is presently the
best-supported approach.

Inflammatory markers are non-specific for the diagnosis of
IgG4-RD patients due to the differential presentations (56), and
an increase in inflammatory indicators may be a result of
infection and inflammation (57, 58). Therefore, the alterations
in eosinophils, anti-nuclear antibodies and rheumatoid factors
are also non-specific (59-61). Furthermore, most IgG4-RD
patients have elevated serum IgG4 (>135 mg/dL), but there is
no significant reference range of IgG levels. Among the 22 cases
of IgG4-RSP reported by Sbeih et al. (10), 13 patients had serum
IgG4 of >135 mg/dL. These authors considered that pre-
treatment serum IgG4 levels may be used as a marker for the
diagnosis of IgG4-RSP. However, the presence of tumors,
infections and autoimmune diseases is often accompanied by
an increase in serum IgG4. Thus, measurement error would be
inevitable. Therefore, the increase in serum IgG4 may only be a
moderately effective biomarker for the diagnosis of IgG4-RD or
IgG4-RSP (62, 63). From another perspective, serum 1gG4 levels
may be a viable biomarker to assess the risk of recurrence in
IgG4-RD patients, and this relationship was supported by the
disease activity score or responder index (64).

The intrathecal synthesis of IgG4 in the CSF may also be
used as a reference (8, 13, 16, 26, 33, 39). Della-Torre et al. (13,
16) reported that in the CSF IgG4 index, the IgG4 CSF/IgG4
serum-to-albumin CSF/albumin serum ratio is a reliable marker
for intrathecal IgG4 synthesis (normal range: 0.25-0.91). They
demonstrated that IgG4Loc of >0.47 is capable of differentiating
between IgG4-RHP and inflammatory pachymeningitis, with
100% sensitivity and 100% specificity. Furthermore, the CSF
IgG4 level may be a better indicator of disease activity, but
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Dura mater
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regular spinal puncture would be necessary, and the test must be
performed before the immunosuppressive therapy (34).

Radiological diagnosis

MRI is the most common imaging modality for the diagnosis
of IgG-RHP, because this allows for the clear visualization of
lesions in the optic chiasm, nerve roots and skull base (55). The
present literature review revealed that the characteristic MRI
manifestations of 1gG4-RSP may include the following: (1)
ribbon-shaped masses that commonly involve the cervical and
thoracic dura, (2) homogeneous and dorsal lesions on MRI
(Figure 6), and (3) hypointense signals on TIWI and T2WI, with
homogeneous enhancement on TIW1 with gadolinium. In
addition, compared to the other two types, homogeneous
patients are more likely to have progressive neurological
symptoms (Figure 7).

However, the specific MRI manifestations of IgG-RHP
require further definition. The optimal approach would be to
combine the clinical symptoms, radiological manifestations,
serological and CSF tests, and pathological outcomes for a
definite diagnosis of IgG-RHP. Computed tomography (CT)
can also accurately assess the bone involvement in patients with
IgG4-RSP. A recent research demonstrated that FDG PET-CT is
important in the assessment of IgG-RD, because this can detect
unknown sites that are involved, and may be used to monitor the
disease activity and therapeutic response of metabolic
diseases (55).

Based on the above discussion, it can be considered that
IgG4-RSP should be highly suspected when the following
conditions are present: (1) progression of symptoms of
neurological injury; (2) the characteristic MRI manifestations
of 1gG4-RSP (refer to the Discussion section above); (3) serum

1gG4 depositis

Pia mater Anterior

root

Later horn of
gray matter of

spinal cord

When mass grew on the ventral side, this tended to be thicker, and compressed the spinal cord more severely, when compared to the mass on

the dorsal side.

Frontiers in Oncology

15

frontiersin.org


https://doi.org/10.3389/fonc.2022.1035056
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Yang et al.

IgG4 of >135 mg/d; (4) CSF abnormalities in the IgG4 index
(normal range: 0.25-0.91) with IgG4Loc of >0.47.

Treatment

Corticosteroids are recognized agents used as the first-line
treatment for IgG4-RD (65), and these drugs have up to 98%
effectiveness in the early stages of the disease (41). The
commonly used corticosteroid treatments are prednisolone
and methylprednisolone (66). Although there is no consensus
on the optimal treatment dose and duration, most patients
respond well to therapy within two weeks of treatment. Li
et al. (67) previously used corticosteroids at 20-60 mg/d for 2-
4 weeks for the treatment of IgG4-RHP, and the dose was
reduced in the subsequent months and years. Corticosteroid
treatment also played a role in suppressing recurrence in
previous case reports, which is consistent with report in the
study conducted by Levraut et al. (34). However, the drug
resistance and multiple complications associated with long-
term use may limit its use (67).

Steroid-sparing agents, such as rituximab, methotrexate,
cyclophosphamide and azathioprine, are advantageous, when
compared to corticosteroid treatment, in terms of safety, and
these may be used as a second-line treatment for IgG-RD (31).
Rituximab is preferred for the treatment of IgG4-RD and IgG4-
RHP (34, 64, 68). Hart et al. (69) reported the use of rituximab
treatment for IgG4-related autoimmune pancreatitis. The regimen
consisted of four weeks of rituximab (i.v.) at 375 mg/m2, weekly,
followed by two years of injection every 2-3 months. This
treatment resulted in an 83% relief rate. Among the IgG4-RSP
cases reported, it was noted that patients who received steroid-
sparing agents generally had better outcomes on initial treatment,
or inhibition of relapse. Similar to corticosteroid treatment, the
optimal treatment dose and duration have not been clarified.

The present study revealed that patients with recurrence
responded well to certain doses of corticosteroid treatment and
steroid-sparing agents. Focus was given on the use of steroid-
sparing agents (11, 20, 22, 33, 40). It was noted that one patient
had suspected recurrence (20). This patient had a subcutaneous
mass on the left side of the neck at eight months after surgery.
After three months of prednisone treatment, the mass was
resolved. This result indicates that the recurrence of IgG4-RSP
may not occur at the primary site. Therefore, whole-body
systemic examination is particularly important for the initial
disease, and any recurrences.

Timely surgical decompression and mass resection are
required when a patient has severe neurological dysfunction, or
a progressive neurological disorder. As stated earlier in the present
study, the cumulative location of the mass is correlated with this
symptom. However, despite the prompt surgical treatment given,
there was still a poor prognosis in the short term, as noted in the
case reported by Kim et al. (17). The reason was that the poor
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prognosis may be associated to an injury in the blood-supplying
branches of the radiculomedullary arteries, such as the
Adamkiewicz artery. The high tension and traction of the spinal
cord during surgical resection may also be a factor. In addition,
Sharma et al. (43) reported a male patient with homogeneous
IgG4-RSP. The intraoperative results in this study revealed that
the dorsal components of homogeneous lesions generally resulted
in dural adhesions. Therefore, it is very important to clearly
distinguish the mass position from normal anatomical locations.
The present study presented a rare intramedullary case of a patient
who did not receive surgical intervention. This patient was treated
with corticosteroids and azathioprine, and there was effective
improvement in the patient’s neurological function.

Overall, it was considered that when IgG4-RSP is
accompanied by progressive neurological symptoms caused by
definite spinal cord compression, surgical decompression is
necessary. However, the present research findings suggest that
long-term maintenance therapy with corticosteroid treatment
and/or steroid-sparing agents is essential for this population.

Limitations

First, the present study was a review of the literature on this
topic, and was open to considerable subjectivity on the part of the
authors. Second, a quality assessment of the included literature
was not performed due to the very small number of reported cases
of 1gG4-RSP worldwide. Third, no systematic statistical analysis
was performed due to the small sample size and limited data.
However, it is hoped that this literature review deepens the present
understanding of IgG4-RSP as a rare disease.

Conclusion

Progressively deteriorating neurological symptoms can be
used as a reference for the diagnosis of IgG4-RSP. The MRI
manifestations for lesion morphology, and the site and signal
intensity may also be employed as predictive markers. Timely
surgical decompression combined with immunosuppressive
medications may result in satisfactory therapeutic outcomes.
During long-term follow-ups, maintenance therapy with a
certain dose of corticosteroids and steroid-sparing agents can
effectively reduce the risk of recurrence. Since IgG-RD may
involve multiple organs, a whole-body systemic examination is
necessary after a definite diagnosis of spinal cord compression.

Data availability statement

The original contributions presented in the study are
included in the article/supplementary material. Further
inquiries can be directed to the corresponding author.

frontiersin.org


https://doi.org/10.3389/fonc.2022.1035056
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Yang et al.

Ethics statement

The studies involving human participants were reviewed
and approved by the Medical Ethics Committee of the
China-Japan Union Hospital of Jilin University. The
patients/participants provided their written informed
consent to participate in this study. Written informed
consent was obtained from the individual(s) for the
publication of any potentially identifiable images or data
included in this article.

Author contributions

FY: Writing and preparation of the original draft, and data
curation; ZL: Writing and preparation of the original draft, and
data curation; YBZ: Created the figures and tables; PL: data
curation; YHZ: Created the figures and tables; QZ: Provided
valuable comments; BZ: Writing, review and editing of the
manuscript. All authors contributed to the article and
approved the submitted version.

Funding

This study was funded by the Jilin Province Medicine
and Health Young Scientist Cultivation Program
(2020Q020,ZB-Y) and the Jilin Provincial Science and

References

1. Hamano H, Kawa S, Horiuchi A, Unno H, Furuya N, Akamatsu T, et al. High
serum IgG4 concentrations in patients with sclerosing pancreatitis. N Engl ] Med
(2001) 344:732-8. doi: 10.1056/NEJM200103083441005

2. Kamisawa T, Funata N, Hayashi Y, Tsuruta K, Okamoto A, Amemiya K, et al.
Close relationship between autoimmune pancreatitis and multifocal fibrosclerosis.
Gut (2003) 52:683-7. doi: 10.1136/gut.52.5.683

3. Umehara H, Okazaki K, Masaki Y, Kawano M, Yamamoto M, Saeki T, et al. A
novel clinical entity, IgG4-related disease (IgG4RD): general concept and details.
Mod Rheumatol (2012) 22:1-14. doi: 10.3109/s10165-011-0508-6

4. Stone JH, Khosroshahi A, Deshpande V, Chan JK, Heathcote JG, Aalberse R,
et al. Recommendations for the nomenclature of IgG4-related disease and its
individual organ system manifestations. Arthritis Rheum (2012) 64:3061-7. doi:
10.1002/art.34593

5. Sanchez-Oro R, Alonso-Muiioz EM, Marti Romero L. Review of IgG4-related
disease. Gastroenterol Hepatol (2019) 42:638-47. doi: 10.1016/
j.gastrohep.2019.08.009

6. Rice CM, Spencer T, Bunea G, Scolding NJ, Sloan P, Nath U. Intracranial
spread of IgG4-related disease via skull base foramina. Pract Neurol (2016) 16:240—
2. doi: 10.1136/practneurol-2015-001315

7. Inoue D, Zen Y, Sato Y, Abo H, Demachi H, Uchiyama A, et al. IgG4-related
perineural disease. Int ] Rheumatol (2012) 2012:401890. doi: 10.1155/2012/401890
8. Lu Z, Tongxi L, Jie L, Yujuan J, Wei J, Xia L, et al. [gG4-related spinal
pachymeningitis. Clin Rheumatol (2016) 35:1549-53. doi: 10.1007/s10067-015-3104-x

9. Chan SK, Cheuk W, Chan KT, Chan JK. IgG4-related sclerosing
pachymeningitis: A previously unrecognized form of central nervous system
involvement in IgG4-related sclerosing disease. Am ] Surg Pathol (2009)
33:1249-52. doi: 10.1097/PAS.0b013e3181abdfc2

Frontiers in Oncology

17

10.3389/fonc.2022.1035056

Technology Department Provincial Natural Science Fund
(20200201436]JC,ZB-Y).

Acknowledgments

We would like to thank the medical staff of the Spinal
Surgery Department of China-Japan Union Hospital of Jilin
University for the excellent treatment plan provided to the
patients, and the patients and their families for their good
communication with the doctors, and allowing for the
publication of the final manuscript.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made
by its manufacturer, is not guaranteed or endorsed by the publisher.

10. Sbeih I, Darwazeh R, Shehadeh M, Al-Kanash R, Abu-Farsakh H, Sbeih A.
Immunoglobulin G4-related hypertrophic pachymeningitis of the spine: A case
report and systematic review of the literature. World Neurosurg (2020) 143:445-53.
doi: 10.1016/j.wneu.2020.07.227

11. Choi SH, Lee SH, Khang SK, Jeon SR. IgG4-related sclerosing
pachymeningitis causing spinal cord compression. Neurology (2010) 75:1388-90.
doi: 10.1212/WNL.0b013e3181{73614

12. Lindstrom KM, Cousar JB, Lopes MB. IgG4-related meningeal disease:
clinico-pathological features and proposal for diagnostic criteria. Acta Neuropathol
(2010) 120:765-76. doi: 10.1007/s00401-010-0746-2

13. Della Torre E, Bozzolo EP, Passerini G, Doglioni C, Sabbadini MG. I1gG4-
related pachymeningitis: evidence of intrathecal IgG4 on cerebrospinal fluid
analysis. Ann Internal Med (2012) 156:401-3. doi: 10.7326/0003-4819-156-5-
201203060-00025

14. Tajima Y, Mito Y. Cranial neuropathy because of IgG4-related
pachymeningitis; intracranial and spinal mass lesions. BM] Case Rep (2012)
2012. doi: 10.1136/bcr-2012-006471

15. Wallace ZS, Carruthers MN, Khosroshahi A, Carruthers R, Shinagare S,
Stemmer-Rachamimov A, et al. IgG4-related disease and
hypertrophic pachymeningitis. Medicine (2013) 92:206-16. doi: 10.1097/
MD.0b013e31829cce35

16. Della-Torre E, Passerini G, Furlan R, Roveri L, Chieffo R, Anzalone N, et al.
Cerebrospinal fluid analysis in immunoglobulin G4-related hypertrophic
pachymeningitis. ] Rheumatol (2013) 40:1927-9. doi: 10.3899/jrheum.130678

17. Kim SH, Kang Y, Oh SH, Paik S, Kim JS. Paraplegia in a patient with IgG4-
related sclerosing disease: A case report. Ann Rehabil Med (2014) 38:856-60. doi:
10.5535/arm.2014.38.6.856

frontiersin.org


https://doi.org/10.1056/NEJM200103083441005
https://doi.org/10.1136/gut.52.5.683
https://doi.org/10.3109/s10165-011-0508-6
https://doi.org/10.1002/art.34593
https://doi.org/10.1016/j.gastrohep.2019.08.009
https://doi.org/10.1016/j.gastrohep.2019.08.009
https://doi.org/10.1136/practneurol-2015-001315
https://doi.org/10.1155/2012/401890
https://doi.org/10.1007/s10067-015-3104-x
https://doi.org/10.1097/PAS.0b013e3181abdfc2
https://doi.org/10.1016/j.wneu.2020.07.227
https://doi.org/10.1212/WNL.0b013e3181f73614
https://doi.org/10.1007/s00401-010-0746-2
https://doi.org/10.7326/0003-4819-156-5-201203060-00025
https://doi.org/10.7326/0003-4819-156-5-201203060-00025
https://doi.org/10.1136/bcr-2012-006471
https://doi.org/10.1097/MD.0b013e31829cce35
https://doi.org/10.1097/MD.0b013e31829cce35
https://doi.org/10.3899/jrheum.130678
https://doi.org/10.5535/arm.2014.38.6.856
https://doi.org/10.3389/fonc.2022.1035056
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Yang et al.

18. Sakai T, Kondo M, Yoshii S, Tomimoto H. IgG4-related disease that
presented cranial, cervical, lumbar and sacral hypertrophic pachymeningitis
associated with infundibulo-hypophysitis. Rinsho Shinkeigaku (2014) 54:664-7.
doi: 10.5692/clinicalneurol.54.664

19. Zwicker J, Michaud J, Torres C. IgG4-related disease presenting as dural
thickening - a rare cause of myelopathy. Can J Neurol Sci Le J canadien Des Sci
neurologiques (2014) 41:392-6. doi: 10.1017/50317167100017364

20. Chen H, Gnepp D, Paul ], Borra S. A mysterious back pain. J Postgraduate
Med (2014) 60:61-8. doi: 10.4103/0022-3859.128816

21. Ezzeldin M, Shawagfeh A, Schnadig V, Smith RG, Fang X. Hypertrophic
spinal pachymeningitis: idiopathic vs. IgG4-related. ] Neurol Sci (2014) 347:398—
400. doi: 10.1016/j.jns.2014.10.012

22. Ferreira NR, Vaz R, Carmona S, Mateus S, Pereira P, Fernandes L, et al.
IgG4-related disease presenting with an epidural inflammatory pseudotumor: A
case report. ] Med Case Rep (2016) 10:61. doi: 10.1186/s13256-016-0838-2

23. Radotra BD, Aggarwal A, Kapoor A, Singla N, Chatterjee D. An orphan
disease: IgG4-related spinal pachymeningitis: report of 2 cases. ] Neurosurg Spine
(2016) 25:790-4. doi: 10.3171/2016.4.SPINE1674

24. Yangue Y, Gambaracci G, Floridi P, Fiacca A, Guerriero A, Giansanti M,
et al. IgG4-related cranio-spinal hypertrophic pachymeningitis involving the
internal auditory canal. J Biol Regulators Homeostatic Agents (2016) 30:915-9.

25. Zhao Q, Dong A, Bai Y, Wang Y, Zuo C. FDG PET/CT in immunoglobulin
G4-related spinal hypertrophic pachymeningitis. Clin Nucl Med (2017) 42:958-61.
doi: 10.1097/RLU.0000000000001872

26. Fernandez-Codina A, Hernandez-Gonzalez M, Solans-Laqué R, Bujan-
Rivas S, Vilardell-Tarrés M, Martinez-Valle F. Alteration of IgG4 levels in
cerebrospinal fluid in IgG4-related disease. Int J Rheum Dis (2017) 20:1865-7.
doi: 10.1111/1756-185X.12739

27. Williams MM, Mashaly H, Puduvalli VK, Jin M, Mendel E.
Immunoglobulin G4-related disease mimicking an epidural spinal cord tumor:
case report. ] Neurosurg Spine (2017) 26:76-80. doi: 10.3171/2016.5.SPINE16119

28. Maher M, Zanazzi G, Faust P, Nickerson K, Wong T. IgG4-related
hypertrophic pachymeningitis of the spine with MPO-ANCA seropositivity. Clin
Imag (2017) 46:108-12. doi: 10.1016/j.clinimag.2017.07.012

29. Bridges KJ, DeDeaux CH, Than KD. IgG4-related disease presenting as
intradural extramedullary lesion: A case report and review of the literature. Br |
Neurosurg (2019) 33:570-6. doi: 10.1080/02688697.2017.1384793

30. Rumalla K, Smith KA, Arnold PM. Immunoglobulin G4-related epidural
inflammatory pseudotumor presenting with pulmonary complications and spinal
cord compression: case report. | Neurosurg. Spine (2017) 26:688-93. doi: 10.3171/
2016.11.SPINE16924

31. Varrassi M, Gianneramo C, Arrigoni F, Cerrone P, Sucapane P, Marini C,
et al. Neurological involvement of IgG4-related disease: description of a case and
review of the literature. neuroradiology J (2018) 31:196-202. doi: 10.1177/
1971400917698173

32. Winkel M, Lawton CD, Sanusi OR, Horbinski CM, Dahdaleh NS, Smith ZA.
Neuro-surgical considerations for treating IgG4-related disease with rare spinal
epidural compression. Surg Neurol Int (2018) 9:209. doi: 10.4103/sni.sni_156_18

33. Cagdo G, Calejo M, Alves JE, Medeiros PB, Vila-Cha N, Mendonga T, et al.
Clinical features of hypertrophic pachymeningitis in a center survey. Neurological
Sci Off ] Ital Neurological Soc Ital Soc Clin Neurophysiol (2019) 40:543-51.
doi: 10.1007/s10072-018-3689-3

34. Levraut M, Cohen M, Bresch S, Giordana C, Burel-Vandenbos F, Mondot L,
et al. Immunoglobulin G4-related hypertrophic pachymeningitis: A case-oriented
review. Neurology(R) Neuroimmunol Neuroinflamm (2019) 6:568. doi: 10.1212/
NXI.0000000000000568

35. Merza N, Taha A, Lung J, Benderman AW, Wright SE. IgG4-related
sclerosing disease causing spinal cord compression: The first reported case in
literature. Case Rep Immunol (2019) 2019:3618510. doi: 10.1155/2019/3618510

36. Sireesha Y, Uppin MS, Ganti S, Alugolu R, Mudumba VS, Bhattacharjee S,
etal. A series of biopsy-proven patients with immunoglobulin G4-related neurological
disease. Ann Indian Acad Neurol (2019) 22:73-8. doi: 10.4103/aian. ATAN_283_18

37. Slade SJ, Bauer EM, Stone VV, Dave AJ. Spinal IgG4-related hypertrophic
pachymeningitis with spinal cord compression: Case report and literature review.
World Neurosurg (2019) 130:65-70. doi: 10.1016/j.wneu.2019.06.130

38. Melenotte C, Seguier J, Ebbo M, Kaphan E, Bernit E, Saillier L, et al. Clinical
presentation, treatment and outcome of IgG4-related pachymeningitis: From a
national case registry and literature review. Semin Arthritis Rheum (2019) 49:430-
7. doi: 10.1016/j.semarthrit.2019.05.003

39. Vakrakou AG, Evangelopoulos ME, Boutzios G, Tzanetakos D, Tzartos J,
Velonakis G, et al. Recurrent myelitis and asymptomatic hypophysitis in IgG4-
related disease: case-based review. Rheumatol Int (2020) 40:337-43. doi: 10.1007/
500296-019-04502-6

Frontiers in Oncology

10.3389/fonc.2022.1035056

40. LiHX, Zuo L, Peng XX, Zong Q, Zhang K, Liu YZ, et al. Inmunoglobulin G4-
related hypertrophic pachymeningitis with spinal cord compression: A case report. J
Neuroimmunol (2020) 347:577325. doi: 10.1016/j,jneuroim.2020.577325

41. Elmaci I, Altinoz MA, Akdemir G, Sari R, Baskan O, Ozpinar A, et al.
Neurosurgical and neuro-immunological management of IgG4-related
hypertrophic sclerosing pachymeningitis. a literature survey and discussion of a
unique index case. Clin Neurol Neurosurg (2021) 200:106342. doi: 10.1016/
j.clineuro.2020.106342

42. Woo PYM, Ng BCF, Wong JHM, Ng OKS, Chan TSK, Kwok NF, et al. The
protean manifestations of central nervous system IgG4-related hypertrophic
pachymeningitis: A report of two cases. Chin neurosurgical J (2021) 7:13. doi:
10.1186/s41016-021-00233-5

43. Sharma R, Kaur K, Sasidharan A, Gupta R, Laythalling RK. IgG4-related
disease in intradural extramedullary location- detailed case illustration and
literature review with special emphasis on role of surgery in its management.
Neurol India (2021) 69:1176-83. doi: 10.4103/0028-3886.329549

44. Sankowski R, Liitzen N, Hubbe U, Prinz M, Urbach H, Erny D, et al.
Freiburg neuropathology case conference: A 56-year-old man presenting with
progressive gait disorder, neck pain, and lower cranial nerve palsy. Clin
Neuroradiology (2021) 31:1215-21. doi: 10.1007/s00062-021-01114-1

45. De Virgilio A, de Vincentiis M, Inghilleri M, Fabrini G, Conte M, Gallo A,
et al. Idiopathic hypertrophic pachymeningitis: An autoimmune IgG4-related
disease. Immunol Res (2017) 65:386-94. doi: 10.1007/s12026-016-8863-1

46. Topiwala K, Hampton C, Boland C, Waitzman D. Neurologic IgG4-related
disease. Neurohospitalist (2019) 9:118-9. doi: 10.1177/1941874418801088

47. Zhang L, Smyrk TC. Autoimmune pancreatitis and IgG4-related systemic
diseases. Int J Clin Exp Pathol (2010) 3:491-504. doi: 10.1002/art.39132

48. Masaki Y, Dong L, Kurose N, Kitagawa K, Morikawa Y, Yamamoto M, et al.
Proposal for a new clinical entity, IgG4-positive multiorgan lymphoproliferative
syndrome: analysis of 64 cases of IgG4-related disorders. Ann Rheumatol Dis
(2009) 68:1310-5. doi: 10.1136/ard.2008.089169

49. Zhang BY, Chang PY, Zhu QS, Zhu YH. Decoding epigenetic codes: New
frontiers in exploring recovery from spinal cord injury. Neural Regeneration Res
(2020) 15:1613-22. doi: 10.4103/1673-5374.276323

50. Alcala C, Cubas L, Carratala S, Gascon F, Quintanilla-Bordas C, Gil-Perotin
S, et al. NFL During acute spinal cord lesions in MS: a hurdle for the detection of
inflammatory activity. J Neurol (2022) 269:3495-500. doi: 10.1007/s00415-021-
10926-7

51. Della-Torre E, Lanzillotta M, Doglioni C. Immunology of IgG4-related
disease. Clin Exp Immunol (2015) 181:191-206. doi: 10.1111/cei.12641

52. Watanabe T, Yamashita K, Fujikawa S, Sakurai T, Kudo M, Shiokawa M,
et al. Involvement of activation of toll-like receptors and nucleotide-binding
oligomerization domain-like receptors in enhanced IgG4 responses in
autoimmune pancreatitis. Arthritis Rheumatism (2012) 64:914-24. doi: 10.1002/
art.33386

53. Watanabe T, Yamashita K, Sakurai T, Kudo M, Shiokawa M, Uza N, et al.
Toll-like receptor activation in basophils contributes to the development of
IgG4-related disease. | Gastroenterol (2013) 48:247-53. doi: 10.1007/s00535-
012-0626-8

54. Umehara H, Okazaki K, Masaki Y, Kawano M, Yamamoto M, Saeki T, et al.
Comprehensive diagnostic criteria for IgG4-related disease (IgG4-RD), 2011. Mod
Rheumatol (2012) 22:21-30. doi: 10.3109/s10165-011-0571-z

55. Lu LX, Della-Torre E, Stone JH, Clark SW. IgG4-related hypertrophic
pachymeningitis: clinical features, diagnostic criteria, and treatment. JAMA
Neurol (2014) 71:785-93. doi: 10.1001/jamaneurol.2014.243

56. Yamada K, Yamamoto M, Saeki T, Mizushima I, Matsui S, Fujisawa Y, et al.
New clues to the nature of immunoglobulin G4-related disease: A retrospective
Japanese multicenter study of baseline clinical features of 334 cases. Arthritis Res
Ther (2017) 19:262. doi: 10.1186/s13075-017-1467-x

57. Kawashima H, Utsugi A, Shibamiya A, Iida K, Mimura N, Ohashi H, et al.
Consideration concerning similarities and differences between ANCA-associated
vasculitis and IgG-4-related diseases: case series and review of literature. Immunol
Res (2019) 67:99-107. doi: 10.1007/s12026-019-9070-7

58. Otani K, Inoue D, Fujikura K, Komori T, Abe-Suzuki S, Tajiri T, et al.
Idiopathic multicentric castleman's disease: A clinicopathologic study in
comparison with 1gG4-related disease. Oncotarget (2018) 9:6691-706. doi:
10.18632/oncotarget.24068

59. Wallace ZS, Deshpande V, Mattoo H, Mahajan VS, Kulikova M, Pillai S,
et al. IgG4-related disease: clinical and laboratory features in one hundred twenty-
five patients. Arthritis Rheumatol (2015) 67:2466-75. doi: 10.1002/art.39205

60. Sekiguchi H, Horie R, Kanai M, Suzuki R, Yi ES, Ryu JH. IgG4-related
disease: retrospective analysis of one hundred sixty-six patients. Arthritis
Rheumatol (2016) 68:2290-9. doi: 10.1002/art.39686

frontiersin.org


https://doi.org/10.5692/clinicalneurol.54.664
https://doi.org/10.1017/S0317167100017364
https://doi.org/10.4103/0022-3859.128816
https://doi.org/10.1016/j.jns.2014.10.012
https://doi.org/10.1186/s13256-016-0838-2
https://doi.org/10.3171/2016.4.SPINE1674
https://doi.org/10.1097/RLU.0000000000001872
https://doi.org/10.1111/1756-185X.12739
https://doi.org/10.3171/2016.5.SPINE16119
https://doi.org/10.1016/j.clinimag.2017.07.012
https://doi.org/10.1080/02688697.2017.1384793
https://doi.org/10.3171/2016.11.SPINE16924
https://doi.org/10.3171/2016.11.SPINE16924
https://doi.org/10.1177/1971400917698173
https://doi.org/10.1177/1971400917698173
https://doi.org/10.4103/sni.sni_156_18
https://doi.org/10.1007/s10072-018-3689-3
https://doi.org/10.1212/NXI.0000000000000568
https://doi.org/10.1212/NXI.0000000000000568
https://doi.org/10.1155/2019/3618510
https://doi.org/10.4103/aian.AIAN_283_18
https://doi.org/10.1016/j.wneu.2019.06.130
https://doi.org/10.1016/j.semarthrit.2019.05.003
https://doi.org/10.1007/s00296-019-04502-6
https://doi.org/10.1007/s00296-019-04502-6
https://doi.org/10.1016/j.jneuroim.2020.577325
https://doi.org/10.1016/j.clineuro.2020.106342
https://doi.org/10.1016/j.clineuro.2020.106342
https://doi.org/10.1186/s41016-021-00233-5
https://doi.org/10.4103/0028-3886.329549
https://doi.org/10.1007/s00062-021-01114-1
https://doi.org/10.1007/s12026-016-8863-1
https://doi.org/10.1177/1941874418801088
https://doi.org/10.1002/art.39132
https://doi.org/10.1136/ard.2008.089169
https://doi.org/10.4103/1673-5374.276323
https://doi.org/10.1007/s00415-021-10926-7
https://doi.org/10.1007/s00415-021-10926-7
https://doi.org/10.1111/cei.12641
https://doi.org/10.1002/art.33386
https://doi.org/10.1002/art.33386
https://doi.org/10.1007/s00535-012-0626-8
https://doi.org/10.1007/s00535-012-0626-8
https://doi.org/10.3109/s10165-011-0571-z
https://doi.org/10.1001/jamaneurol.2014.243
https://doi.org/10.1186/s13075-017-1467-x
https://doi.org/10.1007/s12026-019-9070-7
https://doi.org/10.18632/oncotarget.24068
https://doi.org/10.1002/art.39205
https://doi.org/10.1002/art.39686
https://doi.org/10.3389/fonc.2022.1035056
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Yang et al.

61. Campochiaro C, Ramirez GA, Bozzolo EP, Lanzillotta M, Berti A, Baldissera E,
et al. IgG4-related disease in Italy: clinical features and outcomes of a large cohort
of patients. Scand ] Rheumatol (2016) 45:135-45. doi: 10.3109/
03009742.2015.1055796

62. Hao M, Liu M, Fan G, Yang X, Li J. Diagnostic value of serum IgG4 for
IgG4-related disease: a PRISMA-compliant systematic review and
meta-analysis. Med (Baltimore) (2016) 95:e3785. doi: 10.1097/
MD.0000000000003785

63. Khosroshahi A, Cheryk LA, Carruthers MN, Edwards JA, Bloch DB, Stone
JH. Brief report: spuriously low serum IgG4 concentrations caused by the prozone
phenomenon in patients with IgG4-related disease. Arthritis Rheumatol (2014)
66:213-7. doi: 10.1002/art.38193

64. Carruthers MN, Stone JH, Deshpande V, Khosroshahi A. Development of
an IgG4-RD responder index. Int | Rheumatol (2012) 2012:259408. doi: 10.1155/
2012/259408

65. Khosroshahi A, Wallace ZS, Crowe JL, Akamizu T, Azumi A, Carruthers
MN, et al. International consensus guidance statement on the management and

Frontiers in Oncology

19

10.3389/fonc.2022.1035056

treatment of IgG4-related disease. Arthritis Rheumatol (Hoboken NJ) (2015)
67:1688-99. doi: 10.1002/art.39132

66. Baptista B, Casian A, Gunawardena H, D'Cruz D, Rice CM. Neurological
manifestations of IgG4-related disease. Curr Treat options Neurol (2017) 19:14. doi:
10.1007/511940-017-0450-9

67. Li LF, Tse PY, Tsang FC, Lo RC, Lui WM, Leung GK. IgG4-related
hypertrophic pachymeningitis at the falx cerebrii with brain parenchymal
invasion: a case report. World Neurosurg (2015) 84:591.e7-10. doi: 10.1016/
j-wneu.2015.03.035

68. Della-Torre E, Campochiaro C, Cassione EB, Albano L, Gerevini S, Bianchi-
Marzoli S, et al. Intrathecal rituximab for IgG(4)-related hypertrophic
pachymeningitis. J Neurol Neurosurg Psychiatry (2018) 89:441-4. doi: 10.1136/
jnnp-2017-316519

69. Hart PA, Topazian MD, Witzig TE, Clain JE, Gleeson FC, Klebig RR, et al.
Treatment of relapsing autoimmune pancreatitis with immunomodulators and
rituximab: the Mayo clinic experience. Gut (2013) 62:1607-15. doi: 10.1136/gutjnl-
2012-302886

frontiersin.org


https://doi.org/10.3109/03009742.2015.1055796
https://doi.org/10.3109/03009742.2015.1055796
https://doi.org/10.1097/MD.0000000000003785
https://doi.org/10.1097/MD.0000000000003785
https://doi.org/10.1002/art.38193
https://doi.org/10.1155/2012/259408
https://doi.org/10.1155/2012/259408
https://doi.org/10.1002/art.39132
https://doi.org/10.1007/s11940-017-0450-9
https://doi.org/10.1016/j.wneu.2015.03.035
https://doi.org/10.1016/j.wneu.2015.03.035
https://doi.org/10.1136/jnnp-2017-316519
https://doi.org/10.1136/jnnp-2017-316519
https://doi.org/10.1136/gutjnl-2012-302886
https://doi.org/10.1136/gutjnl-2012-302886
https://doi.org/10.3389/fonc.2022.1035056
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Case report: Clinical highlights and radiological classification of IgG4-related spinal pachymeningitis: A rare case series and updated review of the literature
	Introduction
	Materials and methods
	Case reports
	Case 1
	Case 2
	Case 3


	Literature review
	Statistical analysis
	Results
	Clinical presentations
	Radiological manifestations
	Treatment and prognosis
	Recurrence
	Discussion
	Symptoms
	Immune molecular pathogenesis
	Pathology, serology and CSF diagnosis
	Radiological diagnosis
	Treatment

	Limitations
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


