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Introduction

Anti-N-methyl D-aspartate receptor encephalitis (anti-NMDARE) is the most frequent human autoimmune encephalitis and is primarily directed against the NR1 subunit of the NMDAR [START_REF] Dalmau | Anti-NMDA-receptor encephalitis: case series and analysis of the effects of antibodies[END_REF]. Clinical symptoms are initially marked by psychiatric manifestations, impaired cognition and seizures followed by movement disorders, loss of consciousness, and dysautonomia [START_REF] Dalmau | Clinical experience and laboratory investigations in patients with anti-NMDAR encephalitis[END_REF][START_REF] Dalmau | Anti-NMDA-receptor encephalitis: case series and analysis of the effects of antibodies[END_REF][START_REF] Irani | N-methyld-aspartate antibody encephalitis: temporal progression of clinical and paraclinical observations in a predominantly non-paraneoplastic disorder of both sexes[END_REF][START_REF] Titulaer | Treatment and prognostic factors for long-term outcome in patients with anti-NMDA receptor encephalitis: an observational cohort study[END_REF] The association of one of these symptoms and anti-NMDAR IgG antibodies detection made a definite diagnosis [START_REF] Graus | A clinical approach to diagnosis of autoimmune encephalitis[END_REF]. As early treatment initiation improves the prognosis [START_REF] Titulaer | Treatment and prognostic factors for long-term outcome in patients with anti-NMDA receptor encephalitis: an observational cohort study[END_REF], early diagnosis is of important concern. Electroencephalogram (EEG) is non-invasive and easy to achieve, but data available concerning EEG features in anti-NMDARE remains scarce. It was first used to characterize seizures, detect non-convulsive status epilepticus and help for the differential diagnosis of abnormal movements. An EEG pattern, named 'Extreme Delta Brush' (EDB) was described by Schmitt et al in 2012 [START_REF] Schmitt | Extreme delta brush: A unique EEG pattern in adults with anti-NMDA receptor encephalitis[END_REF] in 30% of 23 patients with anti-NMDARE, and is one of the diagnosis criteria [START_REF] Graus | A clinical approach to diagnosis of autoimmune encephalitis[END_REF]. Occasional case reports also described a generalized rhythmic delta activity in anti-NMDARE, but mostly without detailed description and with no common definition [START_REF] Bayreuther | Complex partial status epilepticus revealing anti-NMDA receptor encephalitis[END_REF][START_REF] Gataullina | Paroxysmal EEG pattern in a child with N-methyl-d-aspartate receptor antibody encephalitis: Case Report[END_REF][START_REF] Johnson | Anti-NMDA receptor encephalitis causing prolonged nonconvulsive status epilepticus[END_REF][START_REF] Kadoya | Refractory Status Epilepticus Caused by Anti-NMDA Receptor Encephalitis that Markedly Improved Following Combination Therapy with Rituximab and Cyclophosphamide[END_REF][START_REF] Kirkpatrick | Rhythmic delta activity represents a form of nonconvulsive status epilepticus in anti-NMDA receptor antibody encephalitis[END_REF]. The aim of our study was to analyze retrospectively the different EEG patterns in 24 consecutive patients with anti-NMDARE, describe the timeline of EEG abnormalities, correlate them with the clinical and MRI data, treatments, and test whether any EEG pattern may reliably predict the outcome.

Patients and methods

This study was approved by the institutional review board of the University Claude Bernard Lyon 1 and Hospices Civils de Lyon.

Patients

Twenty-four patients with anti-NMDARE confirmed by CSF antibody detection in the reference center of Lyon [START_REF] Viaccoz | Clinical specificities of adult male patients with NMDA receptor antibodies encephalitis[END_REF] and followed between November 2007 and June 2016 in the University Hospitals of Clermont-Ferrand, Lyon or Saint-Etienne were studied. All the patients had at least one EEG recording and one cerebral MRI. We reviewed age, gender, past medical history, date of disease onset t=0 (date of the first symptom described) and hospitalizations, MRI and EEG recordings. For each EEG recording, the presence of psychiatric symptoms, movement disorders, seizures, or dysautonomia was noticed. The modified Rankin Scale (mRS), Glasgow Scale (GS) scores, and treatments including immunotherapy, anti-epileptic and psychotropic drugs were recorded.

EEG data

Two hundred and ninety-four EEG recordings were performed including 234 EEG during at least 30 minutes and 60 cumulative days of prolonged EEG-monitoring. EEG monitoring (>24h) were performed in 7 patients that presented coma state, continuous or prolonged abnormal movements and/or no clinical improvement despite two lines of immunotherapy. EEG studies were reviewed by two neurophysiologists (SJM and LM).

Electrodes were placed according to the 10/20 international system and at least 16 EEG channels were used. All EEG were in digital format with time-locked video. EEGs were evaluated for the presence or absence of i) excessive beta activity (EBA) (range 14-20 Hertz, 20-25 Hertz or higher than 25 Hertz); ii) slow waves (< 8 Hertz); iii) EDB, defined as delta activity 1-3 Hz, with superimposed burst of rhythmic beta frequency riding on each delta waves (1); iv) Generalized Rhythmic Delta Activity (GRDA) characterized by diffuse, synchronous and rhythmic delta activity; v) spikes, sharp waves, discharges or seizures. The video-EEG monitoring permitted to study the presence or absence of abnormal movements and their characteristics during each EEG pattern.

MRI

Brain MRIs (n=61) were reviewed by 1 neuroradiologist (CB) and 1 neurologist (SJM). We analyzed Diffusion-weighted imaging, T2-weighted FLAIR imaging, and T1-weighted imaging with contrast enhancement (gadolinium) sequences. The presence of abnormalities in the cerebral cortex, limbic structures, basal ganglia, cerebellum, and the presence of atrophy were analyzed.

Statistical analysis

Statistical analysis was performed with the SPSS 20TM software. A first analysis included all the performed EEG recordings (EEG analysis). The following variables were studied for each recording: presence of at least one EEG pattern, delay from disease onset, concomitant clinical features including age, gender, abnormal movements, seizures or dysautonomia, antiepileptic treatment and the mRS score. Multivariate logistic regression was used for the analysis with each EEG pattern as dependent variable and the other data as predictor independent variables. Independent variables were first analyzed by univariate logistic regression and then entered in the analysis if p value was <0.2. The analysis was weighted for age and sex and to avoid bias due to the overrepresentation of patients with a large number of recordings, by the number of EEG recorded in each patient. In another analysis, the delay of appearance and disappearance, and the duration of each EEG abnormality and of clinical symptoms were measured and compared by the ANOVA test.

A second analysis (patient analysis), where electrophysiological data recorded for each patient within the first 2 months of follow-up were pooled without date distinction, was also performed for MRI abnormalities. Disease severity and outcome were appreciated by a modified Rankin Scale score <3 or >3 at 6, 12 and 18 months of follow-up.

Results

Patient characteristics

Among the 24 patients, 7 were children (<18 years old). The median age was 20.7 years (range 1.5 to 62) and 21 of 24 patients (87%) were female. Table 1 shows the detailed clinical features, diagnostic tests, mRS, treatments and outcome of these patients. A tumor was found in 29% (n=7), including ovarian teratoma (n=5), small cell lung cancer (n=1) and non-Hodgkin lymphoma (NHL) (n=1). Three patients died of infection, cancer or sudden death respectively.

Behavioral disorders were present at disease onset in all the patients leading to admission in psychiatric unit in 46% (n=11) of cases. Neurologic symptoms included speech impairment, seizures, akinetic state and abnormal movements (mostly oro-facial dyskinesia). Seizures presented as focal seizures mostly with ictal consciousness alteration, orofacial or manual automatisms or motor symptoms (head deviation, facial or limb clonic seizures). Vigilance deterioration (GS score <12) led to the intensive care unit in 83% (n=20) of patients, with endotracheal intubation in 42% (n=10). In 24% (n=13) of patients a GS score < 8 indicated coma. CSF was abnormal in 92 % (n=22) of patients. The median number of brain MRI per patient was 2 (range 1-7). Antiepileptic drugs were administrated in all the patients during the course of their disease, however benzodiazepine could be given for epileptic or behavioral causes. 96% (n=23) of patients received psychoactive drugs and the same number immunotherapy.

EEG abnormalities

The median number of EEG recorded per patient was 8 (range 1-70) (Figure A.1).

Epileptic abnormalities

Seventy-five percent (n=18) of patients had seizures. This number included 46% of patients (n=11) with seizures during EEG recording and 29% of patients (n=7) with seizures not recorded at the time of EEG but reported by medical observation. Most of seizures originated from the temporal lobe (n=8), mainly characterized by consciousness alteration and orofacial or manual automatisms; or from fronto-central regions (n=2), with predominant motor features such as tonic or clonic seizures. For one patient, seizures were multifocal. In 21% of patients (n=5), electrographic seizures were observed, mainly in intubated or comatose patients (n=3). No status epilepticus was recorded. Seizures appeared at a median delay of 9.5 days.

We recorded spikes in 62% (n=15) of patients, in the temporal (53%; n=8), frontal (4%; n=1) or occipital (4%; n=1) regions. They were multifocal in 5 patients (21%). One third (n= 7) of the patients in whom epileptic seizures were clinically reported had spikes on EEG recordings.

Slow waves were recorded in all patients.

Non-epileptic abnormalities

Three patterns were identified, illustrated in Figure 1 (also Table 2).

-Excessive Beta Activity (EBA) EBA 14-20 Hertz was observed in 71% (n=17) of patients. It was diffuse or predominated in frontal areas. EBA range > 20 Hertz was observed in all patients and differed by lower amplitude.

-Extreme Delta Brush (EDB) EDB was observed in 58% (n=14) of patients and recorded in 6/7 patients with EEG monitoring. It was usually diffuse but more pronounced frontally, sometimes transient or lasting several minutes. EDB was not modified by auditory and nociceptive stimuli.

-Generalized Rhythmic Delta Activity (GRDA) GRDA was recorded in 50% (n=12) of patients including the 7/7 patients with EEG monitoring. It was characterized by diffuse, synchronous, continuous and rhythmic delta slow waves or delta slow waves complexes. This activity was monotone, without acceleration or recruiting rhythm. It differed from seizures recorded in a same patient. GRDA were not modified by auditory or sensitive stimuli, persisted after antiepileptic drugs administration but were transiently altered by Propofol. It could occur continuously on 30-mins recordings but not on continuous EEG-monitoring, lasting from few minutes to several hours, at times replaced by periods of nonspecific irregular theta or delta activity, which lasted for hours, with intermittently superimposed faster (>20Hz) activity, possibly secondary to sedative medication. 3)

Timeline of EEG abnormalities (Table

The timing of appearance, duration, and disappearance of EBA 14-20Hz, EDB and GDA had a non-random distribution (ANOVA test, p<0.001). EBA appears first, followed by EDB and then GRDA with a respective median time of appearance of 10, 16.5 and 21.5 days. (Figure 2) EDB was more transient (median duration: 7 days) than others EEG patterns (EBA median duration: 17 days), whereas GRDA lasted longer (median duration: 29 days).

Association of EEG abnormalities with anti-epileptic treatments and clinical symptoms

EBA

Multivariate logistic regression in EEG analysis showed that EBA were significantly associated with EDB (OR 3.5 95% CI 1.6-7.7, p=0.002) and with barbiturate treatment (OR 5.1; 95% CI 1.7-14.4; p=0.04) and benzodiazepine (OR 3.1; 95% CI 1.3-7.5, p=0.014), and number of EEG per patient (OR 1.040 IC 95% 1.017-1.053 p=0.001). No significant association was found with GDA, mRS score, or clinical symptoms (p>0.99).

EDB

EDB were significantly associated with EBA (OR 3.6 95% CI 1.7-7.8, p=0.002). No significant association was found with mRS score (p>0.99), treatment (Benzodiazepines OR 2.9 95% CI 0.8-10.8 P=0.11; Barbiturates OR 2.9 95% CI 0.9-9.2 p=0.072; Propofol OR 1.5 CI 95% 0.6-3.7 p=0.4) and clinical symptoms (p>0.99). There was no significant correlation between EDB and the number of EEG recorded in each patient (OR 1.015 IC 95% 0.994-1.037 p=0.151)

GRDA

The presence of GRDA was strongly associated with concomitant abnormal movements (OR 4.7, 95% CI: 2.3-9.3, p<0.001). GRDA was also associated with higher mRS score (OR 8.1, 95% CI: 1.1-60.1, p=0.04). Interestingly, simultaneous recording of EMG activity showed that abnormal movements occurred at the same frequency and synchronously with GRDA activity (see Figure A.2 and Figure A.3). GRDA was associated with concomitant benzodiazepine administration (OR 2.3, 95% CI: 1.0-5.3, p=0.043). There was no significant correlation between GRDA and the number of EEG per patient (OR 1.016 IC 95% 0.999-1.034 p=0.062)

Seizures

None of the three EEG patterns was correlated with seizures.

EEG patterns and outcome

Patient analysis found no significant correlation between recording of EBA, EDB, GRDA in the first 2 months of hospitalization and a mRS score < 3 at 6, 12, and 18 months of follow-up (Chi-2 Test p>0.99).

EEG patterns and MRI findings

Table A.1 summarizes MRI findings. Abnormalities were observed in 33% (n=8) of patients. Owing to their low number they could not be correlated with any of the EEG patterns.

Discussion

Our study is one of the largest to focus on EEG (including EEG monitoring) in patients with anti-NMDARE. We describe three EEG patterns: Excessive Beta Activity range 14-20 Hertz (EBA), Extreme Delta Brush (EDB) and Generalized Rhythmic Delta Activity (GRDA). A clear chronological organization in the course of the disease was evidenced, EBA appearing first, followed by EDB and then GRDA. None of these patterns was associated with seizures, but GRDA was associated with abnormal movements.

The peculiar aspect of EBA as we describe it, in range 14-20 Hertz, may be debatable because of the difficulty to distinguish it from excessive beta activity induced by treatments. Indeed, the presence of EBA was associated with concomitant benzodiazepine and barbiturate treatments. However, it is unlikely to be induced by these drugs as 4 patients demonstrated this pattern on the initial EEG before receiving benzodiazepines or barbiturates. In a same patient EBA 14-20Hertz differed in amplitude and frequency range from excessive beta activity induced by treatment that is described of smaller amplitude and faster range (until 25Hertz) [START_REF] Schomer | Niedermeyer's Electroencephalography: Basic Principles, Clinical Applications, and Related Fields[END_REF]. Furthermore, the EBA ranging 14-20Hz observed in our patients had a similar appearance than the Beta rhythms superimposing the delta wave on EDB, as if EBA mingled with slow waves to form EDB; these two patterns are significantly associated in time. In their study Yildrim et al [START_REF] Yildirim | Electroencephalographic findings in anti-N -methyl-d -aspartate receptor encephalitis in children: A series of 12 patients[END_REF], also observed excessive beta activity in the first month of the disease. The generators of this pattern are probably cortical, as observed in cortical dysplasia [START_REF] Raymond | EEG Features of Focal Malformations of Cortical Development[END_REF].

EDB is very peculiar to anti-NMDARE and reported in 16% to 41% of patients [START_REF] Schmitt | Extreme delta brush: A unique EEG pattern in adults with anti-NMDA receptor encephalitis[END_REF][START_REF] Veciana | EEG extreme delta brush: An ictal pattern in patients with anti-NMDA receptor encephalitis[END_REF][START_REF] Yildirim | Electroencephalographic findings in anti-N -methyl-d -aspartate receptor encephalitis in children: A series of 12 patients[END_REF][START_REF] Zhang | Analysis of electroencephalogram characteristics of anti-NMDA receptor encephalitis patients in China[END_REF]. We observed EDB in 58% of our patients, however, studied populations may be different and as it is a transient pattern (median duration 7 days), its recording may only depend on the length and frequency of EEG recordings. In our study, EDB were not associated with epileptic seizures or status epilepticus, as reported by Veciani et al [START_REF] Veciana | EEG extreme delta brush: An ictal pattern in patients with anti-NMDA receptor encephalitis[END_REF] and were not correlated with bad outcome. In literature, the prognosis of patients presenting EDB is still controversial as some of previous studies have shown that patients with EDB had worse outcome (da [START_REF] Da Silva-Júnior | Serial and prolonged EEG monitoring in anti-N-Methyl-d-Aspartate receptor encephalitis[END_REF][START_REF] Schmitt | Extreme delta brush: A unique EEG pattern in adults with anti-NMDA receptor encephalitis[END_REF][START_REF] Vanhaerents | Early and persistent 'extreme delta brush' in a patient with anti-NMDA receptor encephalitis[END_REF] and others suggested favorable outcomes [START_REF] Wang | Extreme delta brush guides to the diagnosis of anti-NMDAR encephalitis[END_REF][START_REF] Zhang | Analysis of electroencephalogram characteristics of anti-NMDA receptor encephalitis patients in China[END_REF]. EDB are physiologically observed in premature neonatal EEG [START_REF] Whitehead | Characteristics and clinical significance of delta brushes in the EEG of premature infants[END_REF] and were also recently reported in FIRES (Febrile infection-related epilepsy syndrome) [START_REF] Farias-Moeller | Early ictal and interictal patterns in FIRES: The sparks before the blaze[END_REF]. Their origin is unknown but several arguments suggest that they could be generated in the cortex. In neonates, delta brushes are described as an endogenous cortical pattern triggered by sensory input and seem to play an important role in the cerebral cortex development [START_REF] Khazipov | Early patterns of electrical activity in the developing cerebral cortex of humans and rodents[END_REF][START_REF] Milh | Rapid Cortical Oscillations and Early Motor Activity in Premature Human Neonate[END_REF].

GRDA was found in 50% of our patients, and was easier to record and identify because of its aspect easy to catch on EEG and its longer duration (median duration 29 days). In the literature this pattern is described in a wide range of etiologies in comatose patients [START_REF] Rodriguez Ruiz | Association of Periodic and Rhythmic Electroencephalographic Patterns With Seizures in Critically Ill Patients[END_REF][START_REF] Trinka | Which EEG patterns in coma are nonconvulsive status epilepticus?[END_REF]. In anti-NMDARE some studies have mentioned delta rhythmic activity or GRDA with no common definition, and sometimes poor EEG description [START_REF] Schmitt | Extreme delta brush: A unique EEG pattern in adults with anti-NMDA receptor encephalitis[END_REF][START_REF] Yildirim | Electroencephalographic findings in anti-N -methyl-d -aspartate receptor encephalitis in children: A series of 12 patients[END_REF][START_REF] Zhang | Analysis of electroencephalogram characteristics of anti-NMDA receptor encephalitis patients in China[END_REF]. Some reports seem to correspond to our description, showing repetition of a waveform with uniform morphology and duration, without an interval between consecutive waveforms, without variation of frequency or location, and prolonged from several minutes to several hours (da [START_REF] Da Silva-Júnior | Serial and prolonged EEG monitoring in anti-N-Methyl-d-Aspartate receptor encephalitis[END_REF][START_REF] Johnson | Anti-NMDA receptor encephalitis causing prolonged nonconvulsive status epilepticus[END_REF][START_REF] Kirkpatrick | Rhythmic delta activity represents a form of nonconvulsive status epilepticus in anti-NMDA receptor antibody encephalitis[END_REF]. But others, showed generalized rhythmic delta activity, with evolution in morphology, frequency [START_REF] Kirkpatrick | Rhythmic delta activity represents a form of nonconvulsive status epilepticus in anti-NMDA receptor antibody encephalitis[END_REF] or polymorphic or intermittent delta rhythms [START_REF] Yildirim | Electroencephalographic findings in anti-N -methyl-d -aspartate receptor encephalitis in children: A series of 12 patients[END_REF][START_REF] Zhang | Analysis of electroencephalogram characteristics of anti-NMDA receptor encephalitis patients in China[END_REF]. Some authors considered this activity as status epilepticus [START_REF] Gataullina | Paroxysmal EEG pattern in a child with N-methyl-d-aspartate receptor antibody encephalitis: Case Report[END_REF][START_REF] Johnson | Anti-NMDA receptor encephalitis causing prolonged nonconvulsive status epilepticus[END_REF]) leading to increase antiepileptic drugs administration with their resulting adverse effects. Conversely, other reports considered rhythmic delta activities as non-epileptic since they were not improved by anti-epileptic treatments [START_REF] Chanson | Anti-NMDA-R encephalitis: Should we consider extreme delta brush as electrical status epilepticus?[END_REF][START_REF] Gataullina | Paroxysmal EEG pattern in a child with N-methyl-d-aspartate receptor antibody encephalitis: Case Report[END_REF][START_REF] Kadoya | Refractory Status Epilepticus Caused by Anti-NMDA Receptor Encephalitis that Markedly Improved Following Combination Therapy with Rituximab and Cyclophosphamide[END_REF][START_REF] Probasco | Electroencephalographic and fluorodeoxyglucose-positron emission tomography correlates in anti-N-methyl-d-aspartate receptor autoimmune encephalitis[END_REF]. In our study antiepileptic drugs could not stop GRDA. It could be depressed by propofol or barbiturates but reappeared at the same intensity several minutes after, despite the anesthetics infusion, and could disappear in some patients after several days, without any modifications of anti-epileptic drugs. Moreover, studies on critically ill or comatose patients found no association between GRDA and seizures, and the absence of clear evolution in frequency, location, or morphology of GRDA does not support an epileptic origin [START_REF] Rodriguez Ruiz | Association of Periodic and Rhythmic Electroencephalographic Patterns With Seizures in Critically Ill Patients[END_REF][START_REF] Trinka | Which EEG patterns in coma are nonconvulsive status epilepticus?[END_REF]. The significant association of GRDA with benzodiazepine treatment in our study probably reflects a misinterpretation of GRDA as seizures or status epilepticus by the clinicians in charge of the patients. So, it seems important to identify this pattern as non-ictal to avoid antiepileptic treatments intensification with their adverse effects especially as seizures mostly occurred at the beginning of the disease in our study (median time of appearance: 9.5 days), before GRDA apparition.

Abnormal movements were significantly correlated with the presence of GRDA. In several patients (n=4), we observed simultaneous apparition of abnormal movements (dyskinesia) on video, and of GRDA on EEG (Figure 1 F). In some cases, the abnormal movement was synchronous with the frequency of GRDA (Figure A.3). The fact that GRDA did not disappear after curare infusion, in contrast with the abnormal movement, proves that they are not the result of artifacts generated by rhythmic movements (Figure A.2). Their strong association with abnormal movements suggests that they may be generated in the basal ganglia. Imaging has demonstrated the implication of basal ganglia in anti-NMDARE [START_REF] Kataoka | Reduced N-acetylaspartate in the basal ganglia of a patient with anti-NMDA receptor encephalitis[END_REF][START_REF] Maeder-Ingvar | FDG-PET hyperactivity in basal ganglia correlating with clinical course in anti-NDMA-R antibodies encephalitis[END_REF]. Indeed, thalamic, caudate nucleus and lenticular nucleus abnormal signals on brain MRI, as in our study, are frequent in this disorder [START_REF] Dalmau | Clinical experience and laboratory investigations in patients with anti-NMDAR encephalitis[END_REF][START_REF] Heine | Imaging of autoimmune encephalitis -Relevance for clinical practice and hippocampal function[END_REF] and striatal hypermetabolism has also been reported on FDG PET scanner [START_REF] Baumgartner | Cerebral FDG-PET and MRI findings in autoimmune limbic encephalitis: correlation with autoantibody types[END_REF][START_REF] Maeder-Ingvar | FDG-PET hyperactivity in basal ganglia correlating with clinical course in anti-NDMA-R antibodies encephalitis[END_REF]. GRDA are described in several other clinical situations mainly with basal ganglia dysfunctions such as midline brain lesions, subcortical lesions, Creutzfeldt-Jakob disease, diffuse Lewy body disease (Rodriguez et al, 2016) or in superficial stage of coma in patients with deep midline lesions affecting thalamo-cortical projection or in anoxia (Trinka et al, 2016).

Another interesting finding of our study is the temporal progression of each pattern and its correlation with the disease progression. Irani et al [START_REF] Irani | N-methyld-aspartate antibody encephalitis: temporal progression of clinical and paraclinical observations in a predominantly non-paraneoplastic disorder of both sexes[END_REF], has hypothesized that the disease progressed anatomically from the cortical to subcortical structures (in particular the basal ganglia). They reported a mean time lag of 10 to 20 days between the disease onset marked by cognitive and psychiatric symptoms, seizures and cortical MRI lesions, and the later appearance of features indicating basal ganglia and brainstem involvement such as movement disorders, loss of consciousness, dysautonomia and subcortical MRI lesions. In the same way EBA and EDB, which are probably generated in cortical areas, occur before 20 days of disease evolution while GRDA, which appears after 20 days, are correlated with abnormal movements, may be related to basal ganglia dysfunction. Although time course of clinical symptoms can vary from one patient to another, and the absence of MRI or neuropathological well-established data showing this progression, Seventy-five percent of patients had seizures, predominantly at a relatively early stage of the disease (median delay of 9.5 days). In 21% of patients, electrographic seizures were observed without any clinical manifestation, strengthening the need of prolonged EEG monitoring to adapt antiepileptic drugs administration.

To conclude, EDB and GRDA are two frequent and prominent EEG patterns of anti-NMDARE. Although not specific, these patterns are suggestive and their recognition can help to an earlier diagnosis of the disorder. Frequent EEG monitoring, from the onset of disease, is a key step to detect these patterns and electrographic seizures. Moreover, GRDA must not be misinterpreted as seizures or status epilepticus, leading to increase antiepileptic drugs administration and so worsening awareness. Finally, temporal organization and timeline of EEG patterns bring additional electrophysiological support to the hypothesis of a temporal progression of the disease from an initial predominantly cortical impairment to subcortical structure and especially basal ganglia dysfunction (Figure 3).

Limits

One limit of our retrospective study was the absence of long EEG monitoring for each patient that probably underestimates the presence of electrographic abnormalities. Similarly, the median number of cerebral MRI per patients was only 2. For a better understanding of the disease, especially to support the pathological progression hypothesis, it will be interesting to combine EEG monitoring to MRI monitoring with N-acétyl aspartate level analyzing in spectroscopy [START_REF] Maeder-Ingvar | FDG-PET hyperactivity in basal ganglia correlating with clinical course in anti-NDMA-R antibodies encephalitis[END_REF] and even more FDG PET scanner when achievable. 
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Table 1 .

 1 Clinical features, diagnostic tests, treatments and outcome

	Clinical features	% (n = 24)
	Median Age	20.7 (1.5-62)
	Female	87.5 (21)
	Associated tumor	29.2 (7)
	-ovarian teratoma	20.8 (5)
	-small cell lung cancer	4.2 (1)
	-Non hodgkin lymphoma	4.2 (1)
	Hospitalization	
	-in psychiatry unit	45.8 (11)
	-in intensive care unit	83.3 (20)
	Hospitalization delay (median)	133 days
	Behavior disorders	100 (24)
	-agitation / agressiveness	100 (24)
	-eating disorders	45.8 (11)
	Psychiatric symptoms (anxiety,	95.8 (23)
	delusional thoughts, hallucinations)	
	Neurological symptoms	
	-Abnormal movement	87.5 (21)
	Oro-facial	79.1 (19)
	Upper limb	58.3 (14)
	Lower limb	45.8 (11)
	Chest	33.3 (8)
	-Seizures	75 (18)
	-Language disorders / mutism	91.6 (22)
	Dysautonomic failure	58.3 (14)
	CSF	
	-pleiocytosis	66.7 (16)°
	-elevated protein concentration	25 (6)°
	-oligoclonal bands	66.7 (16)*
	Treatments	
	Psychoactive drugs	95.8 (23)
	-anxiolytics	91.6 (22)
	-antipsychotics	79.1 (19)
	Antiepileptic drugs	100 (24)
	-benzodiazepin	95.8 (23)
	-barbiturates	16.6 (4)
	-levetiracetam	66.7 (16)
	-lacosamide	29.2 (7)
	-lamotrigin	5.9 (2)
	-perampanel	16.6 (4)
	Intubation	41.7 (10)
	Immunotherapy	95.8 (23)
	-Steroids	66.7 (16)
	-Immunoglobulin	83.3 (20)
	-Rituximab	50 (12)
	-Cyclophosphamide	29.2 (7)
	-Mycophenolate mofetil	50 (12)
	-Others	16.6 (4)
	Outcome	
	Death	12.5 (3)
	mRS score	median score (range)
	mRS score at 3 months of follow-up	4 (1-6)
	mRS score at 6 months of follow-up	3 (0-6)
	mRS score at 12 months of follow-up	1 (0-6)

° Lack of data in two patients

* Analysis done in 17 patients

Abreviations: CSF Cerebro-Spinal Fluid; mRS modified Rankin Scale

Table 2

 2 

	. EEG findings	
		% (n)
	Number of EEG per patient (median)	8
	Abnormal	100 (24)
	Non epileptic abnormalities	
	Slow waves	100 (24)
	Excessive beta activity	100 (24)
	-14-20 Hertz	70.8 (17)
	-20-25 Hertz	100 (24)
	-> 25 Hertz	33.3 (8)
	EDB	58.3 (14)
	GRDA	50 (12)
	Epileptic abnormalities	
	Spikes	62.5 (15)
	Electrographic seizures	45.8 (11)
	Status epilepticus	0 (0)
	Normal state II sleep figures	54.2 (13)

Abreviations: EDB Extreme Delta Brush GDA Generalized Rhythmic Delta Activity

Table 3 .

 3 Appearance, Duration and Disappearance of patterns and clinical symptoms (in days)

				Pattern EEG			Clinical symptoms	
			EBA 14-20 Hz	EDB	GRDA	Seizures Abnormal movements Dysautonomia failure
		Median	10	16.5	21.5	9.5	18	18.5
		Mean	15	14.7	23.5	16.4	20.4	21.9
	Appearance	SD	14.3	8	12.6	22.4	15.3	13.2
		Min	2	4	7	0	5	7
		Max	59	30	43	92	66	53
		Median	17	7	29	7.5	32	16
		Mean	34.1	18.3	73.5	31.7	73.5	53
	Duration	SD	49	31.2	119.7	83.4	119.1	101.5
		Min	5	2	7	1	2	1
		Max	195	115	411	357	497	385
		Median	29	25.5	51	20	59	43
		Mean	49.1	33	98.4	48.1	94.6	74.9
	Disappearance SD	47.4	29.5	127.3	91.5	115.9	101
		Min	9	8	27	3	11	8
		Max	198	124	454	400	505	399
	SD = standard deviation						
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