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Abstract

Rheumatoid meningitis (RM) is a rare but serious extra-articular manifestation of rheumatoid arthri-
tis. Due to the absence of specific biomarkers, imaging findings, or guidelines for its detection, the di-
agnosis of RM is difficult. This report describes a patient of RM diagnosed with an open biopsy and
discusses the utility of anticyclic citrullinated peptide antibodies (ACPA) levels in the serum and cere-
brospinal fluid (CSF), and contrast-enhanced (CE) fluid-attenuated inversion recovery (FLAIR) images
for screening and monitoring RM. A 65-year-old woman presented with a 2-month history of head-
aches. Imaging studies showed asymmetric meningeal and leptomeningeal involvement seen on brain
magnetic resonance imaging (MRI). An open biopsy of the meninges and leptomeninges depicted pali-
saded and necrotizing granulomatous inflammation, which suggests rheumatoid nodules. Treatment
with prednisolone and tocilizumab led to symptom improvement and reduced lesion intensity on
follow-up MRI. Throughout the treatment, the ACPA index in her serum and CSF, and the findings of
CE-FLAIR images, rather than the CE T1WI, reflected disease activity. For 6 months, the patient has
been stable without symptom recurrence. The ACPA index and the CE-FLAIR images were useful for
the diagnosis and monitoring of RM. To validate these findings, further studies are necessary.
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Introduction

Rheumatoid meningitis (RM) is a rare but serious extra-
articular manifestation of rheumatoid arthritis (RA). This
manifestation primarily can not only occur in patients
with long-standing RA"” but also independently of the pres-
ence or severity of RA. At the time of RM onset, more than
30% of cases are not diagnosed with RA.” Nevertheless, RM
can take place even in patients with well-controlled RA. A
definitive diagnosis is more challenging when laboratory
data or imaging findings suggest other diseases. Despite
that asymmetric meningeal or leptomeningeal involvement
seen on brain magnetic resonance imaging (MRI) is a
characteristic feature of this disease, along with other dis-
eases, such as malignancies and IgG4-related pathologies,””
gadolinium (Gd) enhancement can be blunted because it

leaks into the adjacent cerebrospinal fluid (CSF) through
damaged tissues. Hence, contrast-enhanced (CE) TI1-
weighted images (TIWI) may not accurately reflect the dis-
tribution of meningeal and leptomeningeal lesions. Anti-
cyclic citrullinated peptide antibodies (ACPA) have been
reported as a potential marker of RM.** This antibody is
an immune protein produced by autoreactive B cells and
serves as a diagnostic biomarker in patients with RA.
ACPA can also be found in the CSF because of passive dif-
fusion from the serum due to the blood-CSF barrier dys-
function and has been shown to decrease in titer following
treatment in several reports of RM.” Herein, we report a
patient with RM, and demonstrate the utility of ACPA lev-
els in the serum, CSF, and enhanced fluid-attenuated in-
version recovery (FLAIR) images for screening and moni-
toring RM is demonstrated. The patient involved in this
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Fig. 1 Brain computed tomography scan obtained on the day of admission showing effacement of the sulci at the right frontopa-
rietal lobes (A). Magnetic resonance imaging (MRI), fluid-attenuated inversion recovery (FLAIR) (B), and diffusion-weighted im-
ages (DWI) (C) showing the hyperintensities on the right frontoparietal cortical sulci. These lesions demonstrate no evidence of
hemorrhage on T2* images (D). Contrast-enhanced (CE) T1-weighted images (T1WI) (E) and CE-FLAIR images (F) showing the
meningeal and leptomeningeal enhancement on the same site. Lesion distribution was more clearly depicted on CE FLAIR com-

pared to CE TIWI.

case report provided informed consent.

Case Report

A 65-year-old woman presented with a 2-month history
of headaches. She had a 26-year history of RA that was
well-controlled with salazosulfapyridine, bucillamine, and
iguratimod. Initial brain computed tomography (CT)
showed less pronounced sulci on the right side than on
the left (Fig. 1A). FLAIR and diffusion-weighted images
(DWI) revealed hyperintensities in the right frontoparietal
sulci (Fig. 1B, C). These lesions were negative for hemor-
rhage on T2* images (Fig. 1D). CE T1WI and CE FLAIR
images showed meningeal and leptomeningeal enhance-
ments on the same site (Fig. 1E, F), and the lesion distri-
bution was clearer on CE FLAIR than on CE T1WI.

On laboratory workup, serology exhibited elevated rheu-
matoid factor (RF) 33.5 IU/mL (0-15 1IU/mL), ACPA 78.4 U/
mL (0-4.5 U/mL), IgG 2,434 mg/dL (861-1,747 mg/dL), anti-
nuclear antibody 80 times (0-39 times), soluble interleukin-
2 receptor 490 U/mL (157-474 U/mL), and cancer antigen
15-3 (CA15-3) 25.3 U/mL (0-25.0 U/mL).

The other serology parameters were normal including
beta2-microglobulin (B2MG), Aspergillus antigen, Cryptococ-
cus neoformans antigen, cytoplasmic antineutrophil cyto-
plasmic antibodies (c-ANCA), perinuclear ANCA (p-ANCA),
immunoglobulin G subclass IV (IgG4), angiotensin convert-
ing enzyme, anti-Sjogren’s syndrome A (anti-SSA)/Ro anti-
body, anti-Sjogren’s syndrome B (anti-SSB)/La antibody,
anti-Sm antibody, and anti-ssDNA antibody, as well as tu-
mor markers except CA15-3. Polymerase chain reaction
(PCR) tests were negative for human immunodeficiency vi-
rus, Treponema pallidum, Epstein-Barr virus, varicella-
zoster virus, herpes simplex virus, mumps virus, measles
virus, and cytomegalovirus. QuantiFERON-TB and serum
fungal testing were also negative.

CSF analysis revealed elevating opening pressure reach-
ing 27 cm H.O, leukocyte count of 133/uL (~5/uL, 88%
mononuclear cells and 12% polynuclear cells), protein level
of 149 mg/dL (10-40 mg/dL), glucose level of 43 mg/dL
(50-80 mg/dL), and interleukin-6 level of 349 pg/mL (0-4.0
pg/mL). The CSF PCR results for viral infections, as men-
tioned above, were negative. CSF cytology for malignancies
and culture results were negative. CSF ACPA and CSF IgG
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Table 1 Time course of serological and cerebrospinal fluid markers

Serum ACPA CSFACPA  Serum IgG CSF IgG ACPA
I L
RE(IU/mL) ) (U/mL) (mg/dl)  (mg/dl)  index
Pre-treatment 33.5 78.4 12.1 2434 19.8 19.25
Post-treatment 20.7 22.4 <0.6 699 3 <6

RF, rheumatoid factor; ACPA, anti-cyclic citrullinated peptide antibodies; CSF, cerebrospinal fluid; IgG,
immunoglobulin G

Fig. 2 (A) Meningeal and leptomeningeal biopsy demonstrating palisaded and necrotizing granulomatous inflammation. (B)
Immunostaining revealing CD68-positive perivascular histiocytes. No evidence of bacterial, fungal, Mycobacterium tuberculosis, or

viral infections was found, indicating the rheumatoid nodules.

were 12.1 U/mL (no reference values, higher than serum
reference value) and 19.8 mg/dL (0.5-4.0 mg/dL), respec-
tively. The ACPA index is obtained by dividing the CSF/se-
rum ratio of ACPA by the CSF/serum ratio of IgG. A ratio
of > 1.4 means that the ACPA is produced within the cen-
tral nervous system.” For antibodies other than ACPA, the
antibody titer index using serum and CSF were calculated
using the same formula, and an increase in this index indi-
cated specific antibody production in the CSE.” Based on
this formula, the ACPA index was 19.25 in this case. Table
1 includes the time course of serological and CSF markers.

Whole-body CT revealed an enhanced lesion in the left
breast. She had undergone surgery for left-sided breast
cancer 2 years ago, and CT findings suggested breast can-
cer recurrence. As shown by breast ultrasound, the possi-
bility of breast cancer recurrence cannot be ruled out.

We performed an open craniotomy and biopsy of the
meninges and leptomeninges of the frontal convexity,
which was enhanced on MRI, and a needle biopsy of the
breast lesion. The meninges were thickened but did not
adhere to the leptomeninges. In the leptomeninges, yellow
white caseous necrosis was observed. These biopsies
showed palisaded and necrotizing granulomatous inflam-
mation, which indicates the presence of rheumatoid nod-
ules (Fig. 2A, B). Tests for bacterial, fungal, Mycobacterium
tuberculosis, and viral tissue infections were negative. A
needle biopsy of the left breast exhibited no evidence of
malignancy, and the enhanced lesion on body CT was con-
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sidered a postoperative change. These findings showed
that the patient was diagnosed with RM. Oral prednisolone
was initiated at a dosage of 60 mg/day with gradual taper-
ing. Her symptoms gradually improved, and she was dis-
charged 1 month later.

Follow-up MRI 4 months later showed attenuation of
the hyperintensities in the sulci on FLAIR and DWI (Fig. 3
A, B). Enhancement on the TIWI and FLAIR images was
also attenuated (Fig. 3C, D). Follow-up laboratory workup
revealed decreasing RF 20.7 IU/mL, ACPA 22.4 U/mL, and
IsG 699.0 mg/dL (Table 1). CSF analysis revealed opening
pressure reaching 26 cmH.O, leukocyte count of 2/uL, pro-
tein level of 87 mg/dL, and glucose level of 115 mg/dL.
CSF ACPA and CSF IgG were <0.6 U/mL and 3.0 mg/dL,
respectively (Table 1). The ACPA index decreased to <6
with the actual value possibly being lower because of the
CSF ACPA level being below the detection limit (Table 1).
She stopped taking salazosulfapyridine, bucillamine, and
iguratimod 10 days after the biopsy when the pathological
diagnosis results arrived. She started taking prednisolone
orally at 60 mg/day, tapered it down by 5 mg/week to 20
mg/day, and is now managed with subcutaneous injections
of tocilizumab at a dose of 162 mg every 2 weeks, along
with an oral intake of prednisolone at a dose of 20 mg/
day, without symptom recurrence.
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Fig. 3 Follow-up MRI conducted four months later (A, B, C, and D). FLAIR (A) and DWI (B) demonstrating the regression of the
leptomeningeal involvement. CE-T1WI (C) and CE-FLAIR (D) demonstrating the attenuating of the enhancement.

Discussion

The incidence of RA is estimated to be 1% of the popu-
lation. RM is rarer in clinical practice, and its true preva-
lence is unknown.*” No specific biomarkers or guidelines
for detecting RM are available; hence, the diagnosis is
based on a combination of clinical presentation, hemato-
logical CSF parameters, imaging findings, and the exclu-
sion of other etiologies.”

RM exhibits diverse MRI features, with asymmetric
meningeal or leptomeningeal involvement being relatively
common;"” nevertheless, MRI findings alone cannot reli-
ably differentiate between the RM and meningeal metasta-
sis because some RM cases present with diffuse or bilat-
eral lesions on MRL" In meningeal and leptomeningeal le-
sions, the concentration of Gd is lower than that in intra-
axial brain lesions considering that Gd concentration is re-
duced as it leaks into the adjacent CSF through damaged
vessels.”™ CE FLAIR is more sensitive to low concentra-
tions of Gd than CE T1WI, and this sequence is suitable
for the diagnosis of inflammatory meningeal and lep-
tomeningeal disease.”""'” Conversely, the diagnostic accu-
racy of meningitis with FLAIR is highly likely to depend on
the amount of CSF protein concentration.” Even in case
reports wherein imaging findings improved after treat-
ment”" including the present case, the narrowness of the
cerebral sulcus remains and has not completely disap-
peared. These imaging findings may be attributed to a
combination of inflammatory exudates with necrotizing
granulomatous inflammation and leakage of Gd from the
capillaries to the surrounding area. In the present case, CE
FLAIR is the most accurate sequence for depicting the dis-
tribution of lesions, and it should be considered for detect-
ing the meningeal and leptomeningeal lesions.

RM exhibits diverse laboratory findings and may mimic
several neurological diseases, infections, and malignan-
cies.” ACPA is an autoantibody directed against cyclic
citrullinated peptides found in the joints and blood of pa-
tients with RA and is useful for early diagnosis of RA be-
cause it presents prior to the appearance of the symptoms
of joint inflammation.” The ACPA index, which is calcu-

lated by dividing the ACPA CSF/serum ratio by the IgG
CSF/serum ratio, is considered to be more useful than se-
rum ACPA alone” for diagnosing and monitoring RM. This
may be because the underlying disease results in higher
baseline inflammatory cytokine levels.”” Screening for se-
rum ACPA in patients with asymmetric meningeal or lep-
tomeningeal involvement seen on brain MRI is acceptable.
If serum ACPA levels are increased, testing for CSF ACPA
and CSF IgG may reduce repeat testing and minimize a
missed diagnosis.

In this case, the patient developed RM while receiving
salazosulfapyridine, bucillamine, and iguratimod. If RM de-
velops while taking medications for RA, there is no con-
sensus on the next treatment option. Although a certain
number of RM case reports are believed to include drug-
induced meningitis,”” its diagnosis is difficult in cases
wherein the same medication has been employed for a
long period, and the pathogenesis of which is not well un-
derstood.” Considering that she had previously developed
interstitial pneumonia, she was wunable to use
methotrexate (MTX), which is the first choice for RA. She
also had to discontinue anti-tumor necrosis factor (TNF)
alpha agents, which were previously utilized for cases
where MTX could not be employed or was not sufficiently
effective, due to liver dysfunction. Rituximab, a monoclonal
antibody against the CD20 surface marker expressed on B
cells, is often utilized in patients who are resistant to
treatment with the two drugs mentioned above; neverthe-
less, rituximab is not covered by health insurance in Japan
and cannot be utilized. She is now receiving tocilizumab
subcutaneously and prednisolone orally. Tocilizumab is a
recombinant humanized anti-interleukin-6 receptor mono-
clonal antibody and treats multiple autoimmune diseases
effectively. It is effective for RA and is especially more po-
tent than anti-TNF alpha agents in the absence of MTX.*
Reportedly, tocilizumab is more effective than rituximab in
RA patients with low or absent B-cell lineage expression
signatures in synovial tissue.”” Nevertheless, tocilizumab is
not believed to cross the blood-brain barrier because of its
high molecular weight.*” Hence, these findings cannot be
directly applied to CNS diseases. The immunohistochemi-
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cal findings obtained by biopsy may be reflected in future
treatments.

In conclusion, even in patients with well-controlled RA,
RM is a rare but must be critically considered. Despite
that biopsy is still the gold standard for definitive diagno-
sis, MRI findings on CE-FLAIR images and ACPA titers
may help screen and monitor treatment responses in pa-
tients with RM. However, to validate these findings, larger
studies are required.
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