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A B S T R A C T

Anti-N-methyl-D-aspartate receptor (NMDAR) encephalitis in children often requires early immunosuppressive
therapy before antibody detection. While various electroencephalogram (EEG) patterns, including extreme delta
brushes (EDBs), have been reported in adults, pediatric EEG characteristics remain understudied. This study aims
to assist clinicians in identifying severe cases early, potentially improving treatment outcomes through prompt
intervention. This retrospective case series examined EEG features influenced by disease severity in children with
anti-NMDAR encephalitis. We evaluated six children (1–13 years old; four females, two males) treated at Tokyo
Metropolitan Neurological Hospital from January 2007 to January 2023. The severity of autoimmune enceph-
alitis in our patients was assessed using the Clinical Assessment Scale in Autoimmune Encephalitis (CASE). The
literature proposes a severity classification for the CASE score, wherein scores of 0–8 points are categorized as
mild, 9–18 points as moderate, and 19–27 points as severe. In our patients, CASE scores ranged from 4 to 25
(median:19). We reviewed acute-phase EEG recordings, including 13 long-term videos and 58 conventional
recordings. None of the patients maintained a normal posterior-dominant rhythm, and only one exhibited EDBs.
Notably, three patients with higher CASE scores (≥15) displayed abnormal theta-band rhythm during non-REM
sleep and prolonged EEG recovery times. Our findings suggest that abnormal theta-band rhythms may serve as a
potential acute-phase EEG biomarker for severe anti-NMDAR encephalitis in children.

1. Introduction

Anti-N-methyl D-aspartate receptor (NMDAR) encephalitis is an
autoimmune disorder characterized by a wide range of symptoms,
including neuropsychiatric manifestations, seizures, hypoventilation,
involuntary movements, and sleep disturbances [1]. The diagnosis of
this condition in pediatric patients can be challenging owing to the non-
specific or atypical presentation of symptoms. Early diagnosis is crucial
because early treatment has been associated with better outcomes. [2].
Although the detection of anti-NMDAR antibodies in cerebrospinal fluid
(CSF) is necessary for a definitive diagnosis, results from cell-based as-
says can take several days to weeks. In many countries this situation is
considered the same [3]. The diagnostic criteria for probable anti-
NMDAR encephalitis [3], which do not require antibody tests, are

reliable in determining the initiation of first-line treatment in both
adults and children. However, the prevalence of antibodies among
children who meet these criteria is only 31.7 % [4]. Hence, there is a
pressing need for an appropriate biomarker to guide the early diagnosis
and aggressive treatment decisions in pediatric patients with anti-
NMDAR encephalitis.

Several studies have highlighted the utility of EEG in the diagnosis of
anti-NMDAR encephalitis [5,6]. While some EEG patterns, such as
extreme delta brushes (EDBs), have been reported as characteristics of
anti-NMDAR encephalitis in adult patients [7], there are limited reports
of EDB in childhood cases. A previous study suggested that abnormal
theta and alpha rhythms, collectively termed “theta-alpha-band
rhythms,” are EEG patterns suggestive of anti-NMDAR encephalitis in
children [8]. High-amplitude diffuse alpha and theta rhythm (5–10 Hz)
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characterize this EEG feature during the non-rapid eye movement (REM)
sleep stage. However, the characteristic EEG features of children with
severe anti-NMDAR encephalitis have not been adequately reported.
The primary objective of this study was to identify specific EEG features
in the initial stages of severe anti-NMDAR encephalitis in pediatric
patients.

2. Patients and methods

2.1. Study patients

This retrospective case series included children with confirmed anti-
NMDAR encephalitis treated at Tokyo Metropolitan Neurological Hos-
pital from January 2007 to January 2023. We also included cases from
2001 to 2006 initially diagnosed as encephalitis of unknown etiology
but later confirmed as anti-NMDAR encephalitis when testing became
available. The inclusion criteria were a definitive diagnosis of anti-
NMDAR encephalitis based on the criteria proposed by Graus et al. [3]
and the availability of clinical course data for more than 3 years. The
diagnostic criteria for probable anti-NMDAR encephalitis require three
criteria: 1) rapid onset (less than 3 months) of at least four of the six
major symptom groups, 2) at least one of the specified laboratory study
results, and 3) reasonable exclusion of other disorders. A definitive
diagnosis of anti-NMDAR encephalitis can be made in the presence of
one or more of the six major symptom groups and CSF IgG anti-GluN1
antibodies following the exclusion of other disorders. NMDAR anti-
bodies in the CSF were measured using a commercially available
immunocytochemical assay kit (Autoimmune Encephalitis Mosaic 1;
Euroimmune, Lübeck, Germany) at the Tokyo Metropolitan Institute of
Medical Science.

2.2. Clinical and EEG findings

The collected patient data included age, sex, psychiatric and
neurological symptoms, seizures, involuntary movements, autonomic
symptoms, antiepileptic drugs, immunological treatment, prognosis,
EEG and MRI findings, and length of hospital stay. The severity of
autoimmune encephalitis was evaluated using the Clinical Assessment
Scale in Autoimmune Encephalitis (CASE) [9]. EEG findings were
assessed for background activity, posterior dominant rhythm (PDR),
theta-band rhythms, abnormal slowing, EDB, interictal discharges, and
ictal events. EDB was defined as a rhythmic delta activity (1–3 Hz) with
superimposed bursts of rhythmic beta-frequency activity. Abnormal
theta-band rhythms were defined as continuous high-amplitude diffuse
theta rhythms (4–7 Hz) occurring in more than 30 % of the non-REM

sleep stage. EEG data were independently reviewed by the first author
and two specialists in epilepsy and pediatric neurology.

Outcome measures included the modified Rankin Scale (mRS) score
at discharge and at 1 year follow-up, and duration of hospital stay.

3. Results

3.1. Clinical information of patients

Six patients (four females and two males) with a median age of onset
of 4.1 years (range: 1.3–13.5 years) were included in the study. All pa-
tients had a history of psychiatric changes, and five of the six patients
had involuntary movements and autonomic disabilities. Clinical seizures
were observed in three patients who required antiseizure medications.
Each patient’s total CASE score is described in Supplementary Table S1,
and details of clinical examination results can be found in Table 1. All
patients had anti-NMDAR antibodies in the CSF, five had oligoclonal
bands, and four had pleocytosis. One patient (Patient 3) was positive for
both anti-NMDAR and anti-MOG antibodies. This patient met the
definitive criteria for anti-NMDAR encephalitis and exhibited clinical
features consistent with this diagnosis.

Three patients had MRI abnormalities. All patients received immu-
notherapy, including high-dose intravenous methylprednisolone (6/6),
immunoglobulin therapy (5/6), plasma exchange (3/6), intravenous
rituximab (4/6), and oral mycophenolate mofetil (3/6) (Table 1).

3.2. EEG findings

Thirteen long-term videos and 58 conventional EEG recordings were
reviewed. All EEGs were performed without sedatives. All patients
exhibited continuous slow waves during their awake state, with varying
delta-wave localization. None of the patients had a normal PDR in the
awake state during the acute stage, and it took more than 6 months for
normal PDR to be restored in three patients. The patient with the highest
CASE score (Patient 4, CASE score 25) was the only one to exhibit
extreme delta brush pattern on EEG (Fig. 1a). No ictal events were
recorded during the EEG recordings.

An abnormal theta-band rhythm was observed in three patients
(Fig. 1 b, c, and d), characterized by a continuous 4–8 Hz frequency
rhythm during sleep from the acute stage to the recovery stage. These
rhythms persisted even after the restoration of the PDR and were mainly
composed of a theta band rhythm. The three patients with abnormal
theta-band rhythms had higher CASE scores, slower recovery of normal
PDR and worse clinical prognoses than the other three patients
(Table 1). Patients with abnormal theta-band rhythms had longer

Table 1
Clinical information, Laboratory, and EEG Findings in Pediatric Patients with Anti-NMDAR Encephalitis.

Pt Age Sex CASE
score

CSF
Ab

OCB Pleo MRI
changes

ATBR(Appearance
location: period)

EDB Time to
normal

PDR

Key Symptoms Treatment Hospital
stay

Outcome
(mRS scale)

Notes

1 2y3mM 15 + − − + + (F, C: 2w–7 m) − 9 m Chorea,
dystonia

IS, IG, Rx 11 m 2

2 6y7mF 8 + + − − − − 1 m Myoclonus,
ballism

IS, IG, PE 1 m 0

3 13y7mM 4 + + + + − − 2 w Mild
psychiatric
symptom

IS, PS 1 m 0 MOG Ab+

4 2y8mF 25 + + + + + (F, C, P: 2w–1
m)

+ 3y4m Ballism,
seizures

IS, IG, Rx,
MM, PE

3y6m 5

5 1y3mF 23 + + + − + (F, C, P:
3w–3y5m)

− 8 m Dyskinesia,
apnea

IS, IG, Rx,
MM, PE

4 m 4

6 5y4mF 23 + + + − − − 3 m Dyskinesia,
tachycardia

IS, IG, Rx,
MM

3 m 0

Pt: Patient; CASE: Clinical Assessment Scale in Autoimmune Encephalitis; CSF Ab: CSF Anti-NMDAR Antibody; OCB: Oligoclonal Bands; Pleo: Pleocytosis; ATBR:
Abnormal Theta-Band Rhythm; EDB: Extreme Delta Brush; PDR: Posterior Dominant Rhythm; IS: IV Steroid; IG: IV Immunoglobulin; Rx: Rituximab; PE: Plasma
Exchange; PS: Prednisolone; MM: Mycophenolate Mofetil; m: months; w: weeks; y: years.
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hospital stays (mean 127 days vs. 35 days) and higher mRS scores at
discharge (mean 3.67 vs. 0) compared to those without these EEG
findings.

4. Discussion

The major EEG findings in anti-NMDAR encephalitis are generally
non-specific encephalopathic changes, such as a lack of PDR, general-
ized slow waves, and paroxysmal activities. Although EDB is a charac-
teristic feature of anti-NMDAR encephalitis, its prevalence varies among
studies and is insufficient for diagnosing severe cases, particularly in
pediatric patients [10,11]. In this study, only one of the six patients had
EDB, highlighting the need for additional prognostic EEG biomarker for
anti-NMDAR encephalitis.

Half of the patients in this study had an abnormal theta-band rhythm,
consistent with a previous report where six of nine children with anti-
NMDAR encephalitis exhibited theta-alpha band rhythms [8]. Patients
with abnormal theta-band rhythms exhibited delayed recovery to

normal PDRs and had worse outcomes than patients without this
finding. The alpha-band rhythm component of theta-alpha-band
rhythms may be indistinguishable from extreme spindles, a nonspe-
cific EEG pattern associated with various pathological conditions.
Therefore, abnormal theta-band rhythms may be a more appropriate
biomarker for anti-NMDAR encephalitis than theta- and alpha-band
rhythms combined. The presence of abnormal theta-band rhythms in
severe anti-NMDAR encephalitis may reflect underlying pathophysio-
logical mechanisms. NMDAR dysfunction can lead to altered thalamo-
cortical circuits, which are crucial for generating normal sleep rhythms
[12]. The persistence of theta rhythms during sleep might indicate a
disruption in the normal transition between wake and sleep states due to
NMDAR hypofunction. Furthermore, these rhythms may represent a
compensatory mechanism in response to reduced NMDAR-mediated
excitatory neurotransmission.

We posit that abnormal theta-band rhythms observed in our study
may be specific to anti-NMDAR encephalitis. This hypothesis is based on
two key observations. Firstly, to the best of our knowledge, such
rhythms have not been previously reported in other forms of autoim-
mune encephalitis (AE). Secondly, the emergence of these abnormalities
specifically during non-REM sleep stages appears to be a unique char-
acteristic of anti-NMDAR antibody-mediated pathology.

The specificity of EEG patterns in different types of AE has been a
subject of ongoing research. While certain EEG findings have been
associated with particular forms of AE, such as extreme delta brush in
anti-NMDAR encephalitis, the identification of specific sleep-related
EEG abnormalities is novel. The presence of abnormal theta-band
rhythms during non-REM sleep of anti-NMDAR encephalitis patients
suggests a distinct pathophysiological mechanism that may be directly
related to NMDAR dysfunction.

This observation warrants further investigation to establish its
sensitivity and specificity as a potential biomarker for anti-NMDAR
encephalitis. Future studies comparing EEG findings across different
types of AE, with particular attention to sleep-stage specific abnormal-
ities, could help validate this hypothesis and potentially provide a new
diagnostic tool for clinicians.

The limitations of this study include the small sample size, and one
patient being double-positive for anti-NMDAR and anti-MOG anti-
bodies. However, the patient fulfilled the definitive criteria for anti-
NMDAR encephalitis, and prior studies have indicated no significant
differences in clinical features between the coexistence of anti-NMDAR
and MOG antibody-associated encephalitis and anti-NMDAR encepha-
litis alone [13].

In conclusion, abnormal theta-band rhythms during sleep may be a
potential acute-phase EEG biomarker for severe anti-NMDAR encepha-
litis in children. Further large-scale studies are required to clarify the
features and clinical correlations of these abnormal theta-band rhythms
in pediatric patients with anti-NMDAR encephalitis.
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Treatment and prognostic factors for long-term outcome in patients with anti-
NMDA receptor encephalitis: an observational cohort study. Lancet Neurol 2013;
12:157–65. https://doi.org/10.1016/S1474-4422(12)70310-1.

[3] Graus F, Titulaer MJ, Balu R, Benseler S, Bien CG, Cellucci T, et al. A clinical
approach to diagnosis of autoimmune encephalitis. Lancet Neurol 2016;15:391.
https://doi.org/10.1016/S1474-4422(15)00401-9.

[4] Nishida H, Kohyama K, Kumada S, Takanashi JI, Okumura A, Horino A, et al.
Evaluation of the diagnostic criteria for anti-NMDA receptor encephalitis in
Japanese children. Neurology 2021;96:e2070–7. https://doi.org/10.1212/
WNL.0000000000011789.

[5] Gillinder L, Warren N, Hartel G, Dionisio S, O’Gorman C. EEG findings in NMDA
encephalitis – A systematic review. Seizure 2019;65:20–4. https://doi.org/
10.1016/j.seizure.2018.12.015.

[6] Yildirim M, Konuskan B, Yalnizoglu D, Topaloglu H, Erol I, Anlar B.
Electroencephalographic findings in anti-N-methyl-d-aspartate receptor
encephalitis in children: a series of 12 patients. Epilepsy Behav 2018;78:118–23.
https://doi.org/10.1016/j.yebeh.2017.09.022.

[7] Schmitt SE, Pargeon K, Frechette ES, Hirsch LJ, Dalmau J, Friedman D. Extreme
delta brush: a unique EEG pattern in adults with anti-NMDA receptor encephalitis.
Neurology 2012;79:1094. https://doi.org/10.1212/WNL.0b013e3182698cd8.

[8] Gitiaux C, Simonnet H, Eisermann M, Leunen D, Dulac O, Nabbout R, et al. Early
electro-clinical features may contribute to diagnosis of the anti-NMDA receptor
encephalitis in children. Clin Neurophysiol 2013;124:2354–61. https://doi.org/
10.1016/j.clinph.2013.05.023.

[9] Lim JA, Lee ST, Moon J, Jun JS, Kim TJ, Shin YW, et al. Development of the clinical
assessment scale in autoimmune encephalitis. Ann Neurol 2019;85:352–8. https://
doi.org/10.1002/ana.25421.

[10] Veciana M, Becerra JL, Fossas P, Muriana D, Sansa G, Santamarina E, et al. EEG
extreme delta brush: an ictal pattern in patients with anti-NMDA receptor
encephalitis. Epilepsy Behav 2015;49:280–5. https://doi.org/10.1016/j.
yebeh.2015.04.032.

[11] Baykan B, Gungor Tuncer O, Vanli-Yavuz EN, Baysal Kirac L, Gundogdu G,
Bebek N, et al. Delta brush pattern is not unique to NMDAR encephalitis:
evaluation of two independent long-term EEG cohorts. Clin EEG Neurosci 2018;49:
278–84. https://doi.org/10.1177/1550059417693168.

[12] Timofeev I, Chauvette S. Thalamocortical oscillations: local control of EEG slow
waves. Curr Top Med Chem 2011;11:2457–71. https://doi.org/10.2174/
156802611797470376.

[13] Ding J, Li X, Tian Z. Clinical Features of Coexisting Anti-NMDAR and MOG
Antibody-Associated Encephalitis: A Systematic Review and Meta-Analysis. Front
Neurol 2021;12:711376. https://doi.org/10.3389/fneur.2021.711376.

Y. Tamura et al.

https://doi.org/10.1016/j.ebr.2024.100704
https://doi.org/10.1016/j.ebr.2024.100704
https://doi.org/10.1016/S1474-4422(19)30244-3
https://doi.org/10.1016/S1474-4422(19)30244-3
https://doi.org/10.1016/S1474-4422(12)70310-1
https://doi.org/10.1016/S1474-4422(15)00401-9
https://doi.org/10.1212/WNL.0000000000011789
https://doi.org/10.1212/WNL.0000000000011789
https://doi.org/10.1016/j.seizure.2018.12.015
https://doi.org/10.1016/j.seizure.2018.12.015
https://doi.org/10.1016/j.yebeh.2017.09.022
https://doi.org/10.1212/WNL.0b013e3182698cd8
https://doi.org/10.1016/j.clinph.2013.05.023
https://doi.org/10.1016/j.clinph.2013.05.023
https://doi.org/10.1002/ana.25421
https://doi.org/10.1002/ana.25421
https://doi.org/10.1016/j.yebeh.2015.04.032
https://doi.org/10.1016/j.yebeh.2015.04.032
https://doi.org/10.1177/1550059417693168
https://doi.org/10.2174/156802611797470376
https://doi.org/10.2174/156802611797470376
https://doi.org/10.3389/fneur.2021.711376

	Abnormal theta-band rhythm: EEG abnormality as potential biomarkers for disease severity in pediatric anti-NMDAR encephalitis
	1 Introduction
	2 Patients and methods
	2.1 Study patients
	2.2 Clinical and EEG findings

	3 Results
	3.1 Clinical information of patients
	3.2 EEG findings

	4 Discussion
	Funding
	Declaration of Generative AI and AI-assisted technologies in the writing process
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgments
	Appendix A Supplementary data
	References


