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Generalized rhythmic delta activity (GRDA) is a common finding in patients with anti-NMDAR
encephalitis, but may not be present on a routine 30-min EEG recording.

Serial and continuous EEG monitoring may be more adequate to detect characteristic patterns (GRDA
and extreme delta brush) and seizures in these patients.

GRDA should not be interpreted as indicative of ictal activity or nonconvulsive status, unless clear fre-
quency, voltage or field evolution, and both electrographic and clinical response to a benzodiazepine
are observed.
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ABSTRACT

Objective: To describe serial electroencephalographic (EEG) findings of three patients with anti-NMDAR

encephalitis.

Methods: Three women (age 15-34 years) with confirmed anti-NMDAR encephalitis underwent serial

EEG recordings. Continuous EEG for 72 h was performed in one case and 3-day video-EEG monitoring

was obtained in two cases.

Results: Generalized rhythmic delta activity (GRDA) was found in all patients. GRDA persisted for hours,

but was not continuous on a 24-h EEG recording, disclosed no frequency, voltage or field evolution, and

was not seen on the first EEG of two patients. Extreme delta brush was noted in two patients who pre-

sented more severe disease. One patient presented seizures, which were electrographically and clinically

different from the GRDA pattern and from dyskinetic movements.

Conclusions: Serial or continuous EEG may be necessary to detect GRDA in anti-NMDAR patients. To avoid

unnecessary treatment, this pattern should not be interpreted as indicative of ictal activity, unless there

is evidence of its ictal nature.

Significance: Our findings may contribute to the diagnosis of anti-NMDAR encephalitis in cases with char-

acteristic clinical picture.

© 2014 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights
reserved.

1. Introduction is normal in about 50% of patients, and cerebrospinal fluid analysis

(CSF) is usually abnormal, with mild lymphocytic pleocytosis,

Anti-N-Methyl-p-Aspartate receptor (NMDAR) encephalitis is
characterized by psychiatric symptoms, cognitive impairment,
decreased responsiveness, abnormal movements, seizures, hypo-
ventilation and autonomic instability. It can occur in a paraneo-
plastic setting, most commonly, an ovarian teratoma. Brain MRI
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increased protein levels, and the diagnosis is confirmed by CSF
presence of anti-NMDAR antibodies (Dalmau et al., 2011).

The frequency of anti-NMDAR encephalitis is higher than
previously appreciated, outnumbering viral etiologies like entero-
virus and herpes simplex virus type 1 in younger populations
(Gable et al., 2012). Early diagnosis and treatment improve
outcome, since immunotherapy and tumor removal are highly
effective treatments for this condition (Darnell and Posner, 2009;
Florance et al., 2009; Dalmau et al., 2011).
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Electroencephalogram (EEG) is useful in anti-NMDAR encepha-
litis, not only for seizure and status epilepticus detection (Johnson
et al., 2010; Dalmau et al., 2011; Kirkpatrick et al., 2011), but also
for diagnosis (Florance et al., 2009; Gable et al.,, 2012). EEG is
abnormal in almost all patients, showing disorganized background
activity in most cases (Florance et al., 2009; Dalmau et al., 2011).
Data on EEG features of patients undergoing prolonged recording
or serial recordings is still scarce.

Our aim was to describe the EEG characteristics of three
patients with anti-NMDAR encephalitis.

2. Methods

Serial EEG recordings of three female patients with confirmed
anti-NMDAR encephalitis were reviewed. Two patients underwent
video-EEG for 3 days and, for one of them, continuous EEG moni-
toring for 72 h was also obtained. Serial and continuous EEGs with
concomitant video recordings were performed with 32-channel
Nihon Kohden 1200 (Japan) and video-EEG recordings were ob-
tained with 32-channel Bio-logic ver.5.1.18.90 (USA) equipment.

Days after hospital admission on which treatments were carried
out were indicated as D,,.

3. Results
3.1. Case histories

3.1.1. Patient 1

A 15-year-old woman presented with a 2-week history of
behavioral changes, alternating periods of apathy and agitation,
associated with fever, seizures and choreic movements in the arms
and legs, blinking and chewing. Brain CT was normal, CSF analysis
showed 13 cells, with normal protein concentration. She was intu-
bated and admitted to the intensive care unit (ICU). Acyclovir was
initiated for possible herpetic encephalitis, later withdrawn after
negative CSF polymerase chain reaction for herpes was received.
Brain MRI was unremarkable. The patient received intravenous
methylprednisolone (MP, 1 g/day, Dg_10) and cyclophosphamide
(CYC, 1 g, D). Anti-NMDAR antibodies were identified in the CSF
2 months after admission. Cervical, thoracic, abdominal and pelvic
CT and MRI did not reveal any malignancy. She also received intra-
venous immunoglobulin (400 mg/kg/day, Ds3_s7), and MP pulse
therapy was repeated (Dg7_97 and Dq31_135). Progressive improve-
ment was observed. Total hospital stay was 140 days. She was dis-
charged with moderate disability (modified Rankin scale-mRS 4),
but progressive improvement was observed on follow-up (mild
cognitive deficits, mRS 1, one year after discharge).

During hospital admission, she underwent continuous EEG
monitoring for 72 h (performed in the third week of hospitaliza-
tion), video-EEG monitoring for 3 days (80 days after admission),
and 35 serial EEG recordings.

3.1.2. Patient 2

A 23-year-old woman complained of concentration difficulty
10 days before admission. Her condition progressively deterio-
rated, with behavioral changes, fever, delusional thoughts and
unresponsiveness. Brain CT and MRI were normal, and CSF analysis
showed 56 cells, with normal protein levels. Acyclovir was initi-
ated and the patient was intubated. Seizures and orofacial dyskine-
sias were witnessed. She received pulse therapy with MP (1 g/day,
Dg_10 and Dgs_gg), CYC (1 g, D24 and Dgp) and intravenous immuno-
globulin (400 mg/kg/day, Di1-15). Anti-NMDAR antibodies were
detected in the CSF 1 month after admission. Cervical, thoracic,
abdominal and pelvic CT were unremarkable. The patient died
from sepsis, 71 days after hospital admission.

Fourteen EEG recordings were performed.

3.1.3. Patient 3

This 34-year-old woman presented with a 2-month history of
behavioral changes and delusional thoughts, psychomotor slowing
and motor focal seizures, followed by orofacial dyskinesias. Brain
CT was normal. CSF analysis showed nine cells and normal protein
levels. She was admitted to the ICU, and started on acyclovir. Brain
MRI disclosed signal changes in FLAIR sequences in the right tem-
poral lobe white matter and in the right precentral cortex. Whole
body PET-CT scan did not disclose hypermetabolic lesions. She re-
ceived immunotherapy with MP (Dg_24), CYC (D24) and IV immu-
noglobulin (Dgg_73). Diagnosis was confirmed with positive anti-
NMDAR antibodies in the CSF 1 month after admission. The patient
was discharged after a 3-month hospital stay, with a mRS score 2.
When she was readmitted 2 months later to receive another pulse
therapy course, she presented mild cognitive deficits (mRS 1).

Twenty-one serial EEG recordings and 72-h video-EEG monitor-
ing were performed.

3.2. Electroencephalographic findings

Diffuse background slowing was the most common EEG finding.
Brief bursts of theta or delta activity were often present, mainly
over the anterior regions. For Patient 3, these abnormalities pre-
dominated in the right hemisphere throughout the illness course.

Generalized rhythmic delta activity (GRDA) was found in all pa-
tients (Fig. 1). Delta frequency ranged from 1 to 4 Hz. GRDA could
occur continuously on 30-min recordings, but not on continuous
EEG monitoring, comprising about 20% of the 24 h EEG recording.
This pattern persisted for minutes or hours, at times replaced by
long periods of nonspecific irregular theta or delta activity, which
lasted for hours, with intermittently superimposed faster (beta/
alpha) activity, possibly secondary to sedative medication. For
Patient 1, GRDA was recorded in the first EEG, obtained 2 weeks
after symptom onset. For Patients 2 and 3, GRDA was not seen in
the first EEG recording (2 and 4 days after admission, respectively),
but was present in the second EEG, performed, respectively,
2 weeks and two and a half months after disease onset. GRDA
was always synchronous, occurred in a monotonous manner not
clearly evolving in frequency, voltage or field, was not related to
body or facial movements, and did not disappear with intravenous
benzodiazepine administration. For Patients 1 and 3, GRDA was
still present, in shorter bursts, lasting less than 10s, in EEGs
performed 4 and 7 months after disease onset, when clinical
improvement had already occurred. It remained present in the last
EEG obtained in Patient 2, 80 days after symptom onset.

Patients 1 and 2 presented bursts of rhythmic beta (14-40 Hz)
activity superimposed on rhythmic delta activity (Fig. 2), that
lasted for minutes or hours. This recently recognized pattern was
coined as “extreme delta brush” (EDB) (Schmitt et al., 2012).

Epileptiform abnormalities were rarely found for Patient 1 (less
than one per hour), and were not seen in the other patients’ record-
ings. Patient 1 also presented seizures, detected only on video-EEG
monitoring. Four seizures were recorded, characterized by gaze
and head deviation to the right or to the left, followed by secondary
generalization. EEG analysis was limited by eye movement and
muscle artifacts. Ictal correlate in one right versive seizure was
rhythmic theta activity over the left hemisphere, with later right
hemisphere involvement, followed by postictal background slow-
ing on the left and, after some seconds, on the right hemisphere.

EEG background activity improved in parallel with amelioration
of clinical symptoms. No ictal-like patterns were observed.

For Patients 1 and 3, EEGs were also performed 12 and
4 months after hospital discharge. GRDA was not present in any
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Fig. 1. Ten-second epoch of an electroencephalographic record from a patient with anti-NMDAR encephalitis, showing generalized rhythmic delta activity (Patient 1).
Parameters were as follows: sensitivity 7 pV/mm, time constant 0.3 s and high-frequency filter 70 Hz.
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Fig. 2. Ten-second epoch of an electroencephalographic record from a patient with anti-NMDAR encephalitis, showing extreme delta brush (Patient 2). Parameters were as

follows: sensitivity 7 pV/mm, time constant 0.3 s and high-frequency filter 70 Hz.

of these recordings. The only observed abnormality consisted of
mild background slowing and excess theta activity.

4. Discussion
Diagnosis of anti-NMDAR encephalitis requires detection of

antibodies directed to the NMDAR receptor NR1 subunit, which
may not be readily available in many world regions. Clinical

features of this condition are characteristic, and patients with sug-
gestive clinical presentation should receive prompt immunother-
apy, as long as infectious diseases are ruled out (Lee et al., 2012).
As EEG is widely available, characterization of typical EEG findings
may be of great value to corroborate diagnosis, when the clinician
faces a possible anti-NMDAR encephalitis case.

In a study addressing the EEG features of 23 patients with anti-
NMDAR encephalitis, main findings were diffuse background slow-
ing with polymorphic slow waves and GRDA. EDB pattern was seen
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in 30.4% of patients (Schmitt et al., 2012). In our case series, EDB
pattern was not seen in Patient 3, who had a milder disease, con-
cordant with previous reports, indicating that this pattern may
be a marker of disease severity.

The main strength of this case series is the analysis of continu-
ous and serial EEG recordings, which indicate that neither GRDA
nor EDB occur on a continuous basis, but as longstanding bursts
lasting minutes or hours. These patterns could be absent on rou-
tine, 30-min, EEG recordings, and may remain present for many
months after disease onset, when clinical improvement has
occurred. Seizures were recorded in only one patient who under-
went video-EEG monitoring. Clinical features of seizures were dif-
ferent from dyskinesias presented by the patient. Ictal EEG
patterns also differed from GRDA.

The significance of GRDA and EDB are still incompletely under-
stood. GRDA has been recognized as a form of nonconvulsive status
epilepticus in a patient with anti-NMDAR encephalitis (Kirkpatrick
et al.,, 2011), and in three patients with other unrelated conditions
(Uthman and Bearden, 2008). In all these cases, the authors have
shown clearcut EEG activity that evolved in frequency, voltage
and field. Electrographic and clinical improvement was noted in
response to intravenous benzodiazepine administration.

This was not the case in our patients. In line with our findings,
EEG features in an 8-year-old boy with anti-NMDAR encephalitis
were recently published. GRDA was the most prominent EEG fea-
ture, but electrographic criteria for seizures were not fulfilled
(Gataullina et al., 2011). The authors claimed that GRDA in anti-
NMDAR encephalitis may represent the effect of the antibody
against the NMDAR, leading to reduced NMDA function. Indeed,
experimental studies have found that NMDAR blockage in the nu-
cleus reticularis of the thalamus switches neuronal cell firing mode
from tonic to rhythmic bursting mode, in the delta frequency range
(Zhang et al., 2009). This may be related to antibody binding to the
NMDAR.

In parallel with clinical improvement, GRDA occurred less fre-
quently, but could still be noted on prolonged continuous record-
ings or on routine EEG. The relation of this electrographic pattern
and clinical response should be studied in larger cohorts.

This limited case series does not allow conclusions about sensi-
tivity and specificity of GRDA and EDB in anti-NMDAR encephalitis.

However, the finding of these patterns may contribute to establish
the diagnosis in a case with a characteristic clinical picture. The
role of these EEG findings as markers for treatment response needs
further clarification. Prolonged EEG recording appears to be more
adequate to quantify the presence of these patterns over extended
periods, and may provide additional information regarding
response to treatment. While the nature of GRDA and EDB remains
unclear, these patterns should not be interpreted as ongoing ictal
activity or nonconvulsive status, unless there is other compelling
evidence of the ictal nature of these EEG patterns.
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