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New-onset refractory status epilepticus (NORSE) is a condition defined as the occurrence of refractory 

status epilepticus in patients without active epilepsy and no other acute causes of seizure. Although there 

is evidence that immune-mediated pathogenesis has a pivotal role in the epileptogenesis of NORSE, the 

diagnosis of NORSE is usually made on the clinical observation because there is no established biological 

marker suggesting the diagnosis of NORSE. We recently encountered a NORSE patient who was 

successfully treated with immunotherapy including tocilizumab, an anti-interleukin-6 (IL-6) receptor 

monoclonal antibody, and the markedly increased levels of serum and cerebrospinal fluid IL-6 were the 

only laboratory abnormality during the early treatment of the patient. (2022;12:78-81)
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Introduction

Status epilepticus (SE) is defined as a condition resulting from ei-

ther initiation of mechanisms leading to prolonged seizure activity 

and/or failure of mechanisms that terminate seizure activity.1 

New-onset refractory status epilepticus (NORSE) is a clinical pre-

sentation that can affect all ages, and can be diagnosed in SE pa-

tients without a previous diagnosis of epilepsy or other pre-existing 

neurological disorders and has no significant acute or active struc-

tural, toxic, or metabolic cause.2 Inflammatory and autoimmune en-

cephalitis including paraneoplastic and sporadic etiologies account 

for the majority of causes except for cryptogenic etiology.3 

Consequently, the inflammatory mechanism has been considered to 

be essential in the development of NORSE and immunotherapies 

have been regarded as an important treatment strategy after an-

ti-seizure medications (ASMs) and anesthetic agents.4,5

Encephalitis encompasses a broad range of pathophysiologic 

processes that lead to inflammation of the brain parenchyma. The 

strict diagnosis of encephalitis is established only based on patho-

logical examination of brain tissue; however, tissue is available only 

in the minority of the victims. Other biological markers of brain in-

flammation are frequently used, including an elevated cerebrospinal 

fluid (CSF) leukocyte number and abnormality in neuroimaging.6 

However, patients with NORSE frequently show no abnormality on 

CSF and neuroimaging especially during the early period of the 

disease. Despite the presumed inflammatory and autoimmune 

pathogenesis of NORSE, the lack of reliable biomarkers may hinder 

the prompt diagnosis and treatment of this potentially life-threat-

ening disease. Interestingly, prior studies illustrated that pro-in-

flammatory cytokines such as interleukin (IL)-1β, IL-6, and tumor ne-

crosis factor-α (TNF-α) are markedly increased in patients of re-

fractory repetitive acute seizures.7-9 We describe a patient with cryp-

togenic NORSE and elevated IL-6 levels in both serum and CSF were 

the only laboratory abnormality during the early evaluation. The pa-

tient was successfully treated with tocilizumab, an IL-6 receptor mon-

oclonal antibody. 

Case Report

A 24-year-old female visited the emergency department with first 

onset generalized tonic-clonic (GTC) seizure. She had fever for the 

past 5 days before the visit and was asymptomatic afterward. She 

had a history of allergic rhinitis but there was no history of febrile con-

vulsion or epilepsy. She received the first dose of Pfizer-BioNtech 

COVID-19 vaccine 1 month before the visit, and her mother reported 

that she complained of non-specific somatic symptoms including fa-

tigue, menstruation abnormality, hair loss, and difficulty in 

concentration. The patient was admitted for the evaluation of the first 
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Figure 1. Electroencephalogram finding. (A) Generalized 2-Hz rhythmic delta activities with extreme delta brush (arrows) (B) low amplitude background 

activity with burst-suppression pattern. 

Figure 2. Schematic illustration of clinical course with the use of anti-seizure medication (ASM) and immunotherapy. ICU, intensive care unit; IVIg, 

intravenous immunoglobulin.

seizure. GTC seizure recurred on the day of admission. She was treat-

ed with lorazepam 2 mg and a loading dose of levetiracetam (LEV) 

1.5 g with a maintenance dose of 500 mg twice daily along with a 

loading dose of lacosamide (LCM) 200 mg with a maintenance dose 

of 100 mg twice daily. Her initial laboratory findings including serum 

and urine tests and magnetic resonance imaging including gadoli-

nium-enhanced and diffusion-weighted imaging were normal. Two 

days after hospitalization, she began to suffer from repeated con-

vulsive seizures without recovery of consciousness, thereby requiring 

an increased dose of LEV (to 1 g twice daily) and LCM (to 200 mg 

twice daily) with the addition of topiramate (TPM) at 100 mg twice 

daily. She was transferred to the intensive care unit (ICU) for vid-

eo-electroencephalogram (EEG) monitoring. EEG showed general-

ized 2-Hz rhythmic delta activities with extreme delta brush (Fig. 1A), 

which suggested the diagnosis of autoimmune encephalitis such as 

anti-N-methyl-D-aspartate (NMDA) receptor encephalitis. CSF analy-

sis showed normal pressure, normal cell count and normal protein of 

44.6 mg/dL with no evidence of infection. With the multiple ASMs, 

coma therapy using anesthetics, such as midazolam, and thiopental 

and immunotherapy including steroids (dexamethasone) were ini-

tiated from the hospital day 3. EEG showed a continuous burst-sup-

pression pattern (Fig. 1B). Autoimmunity tests (serum and CSF) per-

formed at the hospital on day 3 were all normal including auto-

immune synaptic encephalitis antibodies (NMDA, α-amino-3-hy-
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droxy-5-methyl-4-isoxazolepropionic acid, dipeptidyl-peptidase-like 

protein 6, leucine-rich, glioma-inactivated 1, contactin-associated 

protein-like 2 and γ-aminobutyric acid type B receptors). Abdomen 

and pelvic computed tomography  for evaluating ovarian teratoma 

showed a benign ovarian cyst at right adnexa only. Cytokine assays 

revealed a marked elevation of IL-6 both in serum (10.10 pg/mL, nor-

mal range: ≤7.0 pg/mL) and CSF (112.0 pg/mL, normal range: ≤7.0 

pg/mL) while the levels of IL-8 and IL-10 were normal. Tocilizumab, 

an anti-IL-6 receptor monoclonal antibody, was used with multiple 

ASMs and intravenous steroid therapy. The 1st dose of tocilizumab 

(300 mg) was given intravenously at the hospital day 5 after admis-

sion and the 2nd dose (300 mg) was administered 1 week later. After 

the administration of the 2nd dose of tocilizumab, a decrease in the 

frequency and intensity of the seizure was noted accompanied by im-

provement in EEG monitoring. As the patient was still dependent on 

the intravenous anesthetics for the prevention of seizures, other es-

tablished immunotherapy with intravenous immunoglobulin (IVIg) 

and rituximab and a ketogenic diet were used for the seizure control 

(for the detailed treatment schedule, see Fig. 2). At the 1 month from 

admission, there were no improvement in consciousness and respira-

tion though her EEG showed significant advancement. We planned to 

administer additional doses of tocilizumab. However, pneumonia was 

in an uncontrolled state at that time and tocilizumab is associated 

with a higher risk of developing serious infections. Hence, we ad-

ministered additional immunoglobulin and rituximab as an 

alternative. After pneumonia was recovered, we administered the 3rd 

dose of tocilizumab (300 mg) at the hospital day 53 and after that an-

esthetic agents were withdrawn. The patient was moved to the gen-

eral wards after 70 days of ICU care and discharged after re-

habilitation for 30 more days with fewer ASMs (LEV, TPM, per-

ampanel, phenobarbital, clobazam, lamotrigine, pregabalin, and 

phenytoin) and oral steroids. During the follow-up of 4 months, she 

only complained of fatigue and occasional dizziness with no re-

currence of seizures or other encephalitis symptoms.

Discussion

Our patient was hospitalized for more than 3 months with the di-

agnosis of NORSE and discharged without further convulsions or oth-

er neurologic deficits. After the initial failure of multiple ASMs, she 

was successfully treated with tocilizumab on two consecutive admin-

istrations with a booster infusion with the elevated serum and CSF 

levels of IL-6, along with other immunotherapy and the ketogenic 

diet. 

Despite the comprehensive investigation, approximately 50% of 

adult NORSE cases have no identifiable etiology, so they are classi-

fied as cryptogenic NORSE.4 Though cryptogenic NORSE is a set of 

various characteristics such as cognitive impairment, seizures and be-

havioral changes, the clinical features of NORSE are similar to those 

of autoimmune etiologies and it is suggested that some cryptogenic 

NORSE cases may represent autoimmune encephalitis with un-

identified autoantibodies.4 It is considered that seizures in NORSE 

patients with autoimmune or cryptogenic etiologies are mediated by 

neuroinflammation. Neuroinflammation is the inflammatory re-

sponse mediated by central nervous system (CNS) resident cells and 

is regulated by inflammatory mediators such as cytokines and 

chemokines. Recent studies have shown that seizures trigger the rap-

id activation of glial cells, thereby leading to increased production of 

inflammatory mediators to promote an inflammatory process.10 

These inflammatory mediators have neuromodulatory effects that 

lead to changes in neuronal function and connectivity. Consequently, 

pro-inflammatory cytokines and seizures make worsen each other 

and induce neuronal hyperexcitability and subsequent seizure 

susceptibility.9,10

Many cytokines including IL-1β, IL-6, and TNF-α have been im-

plicated in the pathogenesis of epilepsy and NORSE, and prior stud-

ies found the most strong and constant relationship between IL-6 

and epilepsy.10 Repetitive or prolonged seizures stimulate an in-

flammatory cascade associated with an increment in IL-6 levels, 

thereby inducing disruption of the blood-brain barrier and sustaining 

seizure activity.10,11 It is also reported that there is a strong relation-

ship between elevated serum or CSF IL-6 levels and the severity of 

seizures.12,13 In our patient, all the serum and CSF studies for the 

etiologic evaluation for NORSE including autoantibodies showed no 

abnormality, and we only found that IL-6 levels were elevated in both 

serum and CSF, which indicates the pivotal role of IL-6 mediated in-

flammatory response in epileptogenesis of NORSE in our patient.

Tocilizumab was originally used to treat rheumatoid arthritis pa-

tients who showed no response to methotrexate or disease-modify-

ing anti rheumatic drugs. As IL-6 plays an indispensable role in both 

B- and T-cell differentiation, tocilizumab is regarded as efficient in 

numerous CNS autoimmune diseases.14 In patients with autoimmune 

encephalitis, rituximab is frequently recommended along with intra-

venous steroids and IVIg due to the critical role of neuroinflammation 

in NORSE.2 Tocilizumab is used as adjunctive immunotherapy in pa-

tients who demonstrated failure or unsatisfactory responses to 
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rituximab. Tocilizumab regimen was usually initiated at a dosage of 5 

mg/kg administered for 2 cycles in 1 week intervals and followed by 

an increase to 8 mg/kg monthly depending on the clinical response.8 

As a potent IL-6 antagonist, we think that tocilizumab may be more 

effective than rituximab for selected NORSE patients with the dem-

onstrated increase in IL-6 levels, and several reports suggest the role 

of tocilizumab in the management of intractable NORSE.8,15 

Nevertheless, it should be noted that early administration of tocilizu-

mab is not yet the standard immunotherapeutic regimens in treating 

NORSE patients and further studies and consensus are needed to ac-

knowledge tocilizumab as the standard treatments.

Our report had several limitations. First, we assessed serum and 

CSF IL-6 levels before administration of tocilizumab, but follow-up 

levels were not evaluated after administration. Although the pa-

tient’s clinical symptoms and EEG were improved after tocilizumab 

therapy, we could not quantify the relationship between cytokine lev-

els and clinical manifestations. In addition, we used several ASMs 

with high dosages, immunomodulatory therapies other than tocilizu-

mab and even the ketogenic diet for the treatment of NORSE. 

Apparently, it was hard to evaluate how these treatments influenced 

the clinical response to the individual treatment modality in our 

patient. Further prospective controlled studies with additional pa-

tients and standardized treatment regimens should be performed to 

demonstrate the association between IL-6 and NORSE. However, we 

contemplate that from our patient, it can be suggested that IL-6 may 

play a principal role in diagnosing and managing this rare but devas-

tating neurologic emergency. 

Conflict of Interest

The authors declare that they have no conflicts of interest.

References

 1. Trinka E, Cock H, Hesdorffer D, et al. A definition and classification of 
status epilepticus--report of the ILAE task force on classification of status 
epilepticus. Epilepsia 2015;56:1515-23.

 2. Gaspard N, Hirsch LJ, Sculier C, et al. New-onset refractory status epi-
lepticus (NORSE) and febrile infection-related epilepsy syndrome (FIRES): 
state of the art and perspectives. Epilepsia 2018;59:745-52.

 3. Gaspard N, Foreman BP, Alvarez V, et al. New-onset refractory status 
epilepticus: etiology, clinical features, and outcome. Neurology 2015;85:
1604-13.

 4. Sculier C, Gaspard N. New onset refractory status epilepticus (NORSE). 
Seizure 2019;68:72-8.

 5. Khawaja AM, DeWolfe JL, Miller DW, Szaflarski JP. New-onset refractory 
status epilepticus (NORSE)--the potential role for immunotherapy. Epilepsy 
Behav 2015;47:17-23.

 6. Michael BD, Solomon T. Seizures and encephalitis: clinical features, man-
agement, and potential pathophysiologic mechanisms. Epilepsia 2012;53 
Suppl 4:63-71.

 7. Sakuma H, Tanuma N, Kuki I, Takahashi Y, Shiomi M, Hayashi M. Intrathecal 
overproduction of proinflammatory cytokines and chemokines in febrile 
infection-related refractory status epilepticus. J Neurol Neurosurg Psychiatry 
2015;86:820-2.

 8. Jun JS, Lee ST, Kim R, Chu K, Lee SK. Tocilizumab treatment for new 
onset refractory status epilepticus. Ann Neurol 2018;84:940-5.

 9. Kothur K, Bandodkar S, Wienholt L, et al. Etiology is the key determinant 
of neuroinflammation in epilepsy: elevation of cerebrospinal fluid cyto-
kines and chemokines in febrile infection-related epilepsy syndrome and 
febrile status epilepticus. Epilepsia 2019;60:1678-88.

10. Vezzani A, French J, Bartfai T, Baram TZ. The role of inflammation in 
epilepsy. Nat Rev Neurol 2011;7:31-40.

11. Li G, Bauer S, Nowak M, et al. Cytokines and epilepsy. Seizure 2011;
20:249-56.

12. Peltola J, Palmio J, Korhonen L, et al. Interleukin-6 and interleukin-1 
receptor antagonist in cerebrospinal fluid from patients with recent ton-
ic-clonic seizures. Epilepsy Res 2000;41:205-11.

13. Peltola J, Laaksonen J, Haapala AM, Hurme M, Rainesalo S, Keränen 
T. Indicators of inflammation after recent tonic-clonic epileptic seizures 
correlate with plasma interleukin-6 levels. Seizure 2002;11:44-6.

14. Lee WJ, Lee ST, Moon J, et al. Tocilizumab in autoimmune encephalitis 
refractory to rituximab: an institutional cohort study. Neurotherapeutics 
2016;13:824-32.

15. Donnelly JP, Kasatwar N, Hafeez S, et al. Resolution of cryptogenic new 
onset refractory status epilepticus with tocilizumab. Epilepsy Behav Rep 
2021;15:100431.


