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【 CASE REPORT 】

Complete Relief of Painful Tonic Seizures in Neuromyelitis
Optica Spectrum Disorder by Satralizumab Treatment
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Abstract:
Satralizumab, a monoclonal antibody against interleukin-6 receptors, has been approved for the treatment

of neuromyelitis optica spectrum disorder (NMOSD). Several reports have described the effectiveness of sa-

tralizumab against neuropathic pain in patients with NMOSD, but its effects on painful tonic seizures have

not yet been reported. We herein report a Japanese woman with anti-aquaporin-4 antibody-positive NMOSD

whose painful tonic seizures completely resolved after six months of satralizumab treatment. In conclusion,

interleukin-6 blocking may be effective against painful tonic seizures. This effect may be due to suppression

of microglial activation and the resultant neuronal hyperexcitability.
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Introduction

Neuromyelitis optica ( NMO ) spectrum disorder

(NMOSD) is an inflammatory disorder of the central nerv-

ous system in which anti-aquaporin-4 (AQP4) antibodies

mainly affect the optic nerves, spinal cord, and brain-

stem (1). Interleukin-6 (IL-6) has a wide range of biological

functions, including B cell stimulation and T cell activation.

Elevated serum and cerebrospinal fluid (CSF) levels of IL-6

have been reported in NMO (2), which suggests that IL-6

plays an important role in the pathogenesis of NMO: IL-6

facilitates the survival of plasmablasts and promotes the pro-

duction of anti-AQP4 antibodies from plasmablasts (3); is

involved in blood-brain barrier disruption (4); and is corre-

lated with astrocytic damage and inflammation (2). Treat-

ment with humanized anti-IL-6 receptor antibodies (tocilizu-

mab or satralizumab) significantly decreases the annualized

relapse rate, the Expanded Disability Status Scale score,

neuropathic pain, and general fatigue in NMOSD pa-

tients (5-7).

We herein report a patient with NMOSD whose painful

tonic seizures were completely alleviated after six months of

satralizumab treatment.

Case Report

A 35-year-old Japanese woman experienced 5 inflamma-

tory episodes over 3 years. When she was 32 years old, she

suffered an extensive spinal cord lesion (Th2-7) and was di-

agnosed with NMOSD based on serum anti-AQP4 antibody

positivity. At 33, she suffered a third ventricle lesion and left

optic nerve lesion. At 34, she experienced a right optic

nerve lesion and C2-3 cervical lesion involving the dorsal

column of the spinal cord (Fig. 1). At the episode of cervi-

cal myelitis, neurological examinations revealed no weak-

ness, diminished sensations to pain and vibration at the bi-

lateral upper limbs, allodynia at the left neck to the upper

left limb, and urinary dysfunction. At approximately one

month after the myelitis onset, she developed frequent (once

an hour, visual analog scale 10) painful tonic seizure of left

upper limb.

Acute treatment with high doses of intravenous methyl-

prednisolone and plasmapheresis was administered for each

of her NMOSD relapses. Despite ongoing treatment with

prednisolone (15-30 mg/day) and azathioprine (50-100 mg/

day), the patient suffered frequent relapses. Therefore, we

administered satralizumab, which prevented relapses for the
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Figure　1.　Spinal cord magnetic resonance imaging at the inflammatory episode of cervical myelitis. 
Sagittal (A) and axial (B, C) images on T2-weighted imaging of the cervical spinal cord showed a C2-3 
lesion. The C2 lesion involved the dorsal column of the spinal cord (left side dominant).

next 12 months (annualized relapse rate was reduced from

2.3 to 0 times/year). As described above, the patient suffered

from painful tonic seizures of left upper limb after cervical

myelitis at 34 years old. Treatment with carbamazepine, clo-

nazepam, and gabapentin failed to suppress these seizures.

However, satralizumab therapy dramatically alleviated her

painful tonic seizures (both the frequency and degree of

pain), resulting in their complete resolution six months after

the start of satralizumab therapy (Fig. 2).

Discussion

We described a patient with NMOSD whose frequent re-

lapses and intractable painful tonic seizures were completely

resolved after satralizumab treatment. Anti-IL-6 receptor an-

tibody therapy (satralizumab and tocilizumab) significantly

reduces NMOSD relapses (5-7), and several studies have re-

ported that IL-6 blockade can also suppress pain in

NMOSD (5, 6).

There is evidence of a relationship between spinal micro-

glia and neuropathic pain. Neurological injury causes the ac-

tivation of microglia, which increases P2X4 expression and

releases brain-derived neurotrophic factor. This, in turn,

causes dysfunction of gamma-aminobutyric acid inhibitory

neurons, resulting in pain hypersensitivity due to the promo-

tion of excitatory synaptic transmission in neurons of the

dorsal spinal cord (8). Anti-IL-6 receptor antibodies were

found to reduce sensitivity to pain and decrease mechanical

allodynia in experimental autoimmune encephalomyelitis

mice through the inhibition of microglial activation and pro-

liferation in the spinal cord (9).

Conversely, no correlation has been found between serum

IL-6 levels and scores on the Pain Effects Scale (10), and

satralizumab failed to reduce pain scores in a clinical

trial (7). A possible explanation for these conflicting find-

ings is that not all participants in the trial suffered pain or

had spinal cord lesions.

Painful tonic seizures are paroxysmal episodes of in-

creased muscle tone, abnormal posture, and intense pain in

one or more limbs. These are sometimes triggered by move-

ment or sensory stimulation. Painful tonic seizures are a

relatively common symptom of NMOSD. They are caused

by lesions at the dorsal column of the spinal cord, which

lead to the abnormal excitation of neuronal axons. To our

knowledge, no previous study has evaluated the effects of

satralizumab on painful tonic seizures. We speculate that

painful tonic seizures result from the same mechanism as

neuropathic pain and believe that IL-6 blocking by satralizu-

mab suppress microglial activation and the resultant neuro-

nal hyperexcitability; thus, it may be effective for painful

tonic seizures, which are caused by abnormal excitation of

neuronal axons due to lesions at the dorsal column of the

spinal cord.

Conclusion

We reported the first case of a patient with NMOSD

whose painful tonic seizures were completely resolved by

satralizumab. IL-6 blockade therapy may be an effective
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Figure　2.　Time course of painful tonic seizures after satralizumab treatment. Her painful tonic 
seizure started approximately one month after the onset of myelitis. The patient suffered painful 
tonic seizures for eight months. Treatment with carbamazepine (CBZ), clonazepam (CZP), and gaba-
pentin (GBP) failed to suppress painful tonic seizures. Before satralizumab treatment, painful tonic 
seizures occurred once an hour [visual analog scale (VAS) 10]. After one month of treatment, the 
seizures were reduced to once a week (VAS 7.5). After three months of treatment, seizures were re-
duced to once a month (VAS 5.5). After six months of satralizumab treatment, the seizures disap-
peared.

treatment for pain and painful tonic seizures in NMOSD, al-

though further systematic research is required.

The patient gave her informed consent to publish the clinical

data in an anonymized form.
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References

1. Wingerchuk DM, Banwell B, Bennett JL, et al. International con-

sensus diagnostic criteria for neuromyelitis optica spectrum disor-

ders. Neurology 85: 177-189, 2015.

2. Uzawa A, Mori M, Arai K, et al. Cytokine and chemokine profiles

in neuromyelitis optica: significance of interleukin-6. Mult Scler

16: 1443-1452, 2010.

3. Chihara N, Aranami T, Sato W, et al. Interleukin 6 signaling pro-

motes anti-aquaporin 4 autoantibody production from plasmablasts

in neuromyelitis optica. Proc Natl Acad Sci U S A 108: 3701-

3706, 2011.

4. Uchida T, Mori M, Uzawa A, et al. Increased cerebrospinal fluid

metalloproteinase-2 and interleukin-6 are associated with albumin

quotient in neuromyelitis optica: their possible role on blood-brain

barrier disruption. Mult Scler 23: 1072-1084, 2017.

5. Araki M, Matsuoka T, Miyamoto K, et al. Efficacy of the anti-IL-

6 receptor antibody tocilizumab in neuromyelitis optica: a pilot

study. Neurology 82: 1302-1306, 2014.

6. Ringelstein M, Ayzenberg I, Harmel J, et al. Long-term therapy

with interleukin 6 receptor blockade in highly active neuromyelitis

optica spectrum disorder. JAMA Neurol 72: 756-763, 2015.

7. Yamamura T, Kleiter I, Fujihara K, et al. Trial of satralizumab in

neuromyelitis optica spectrum disorder. N Engl J Med 381: 2114-

2124, 2019.

8. Ulmann L, Hatcher JP, Hughes JP, et al. Up-regulation of P2X4 re-

ceptors in spinal microglia after peripheral nerve injury mediates

BDNF release and neuropathic pain. J Neurosci 28: 11263-11268,

2008.

9. Serizawa K, Tomizawa-Shinohara H, Magi M, et al. Anti-IL-6 re-

ceptor antibody improves pain symptoms in mice with experimen-

tal autoimmune encephalomyelitis. J Neuroimmunol 319: 71-79,

2018.

10. Masuda H, Mori M, Uzawa A, et al. Validation of the modified fa-

tigue impact scale and the relationships among fatigue, pain and

serum interleukin-6 levels in patients with neuromyelitis optica

spectrum disorder. J Neurol Sci 385: 64-68, 2018.

The Internal Medicine is an Open Access journal distributed under the Creative

Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. To

view the details of this license, please visit (https://creativecommons.org/licenses/

by-nc-nd/4.0/).

Ⓒ 2022 The Japanese Society of Internal Medicine

Intern Med 61: 2785-2787, 2022


