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ABSTRACT – Aims. Based on a multicenter cohort of people with
anti-NMDA receptor encephalitis (anti-NMDARE), we describe seizure
phenotypes, electroencephalographic (EEG) findings, and anti-seizure
treatment strategies. We also investigated whether specific electrographic
features are associated with persistent seizures or status epilepticus after
acute presentation.
Methods. In this retrospective cohort study, we reviewed records of
children and adults with anti-NMDARE between 2010 and 2014 who were
included in the Rare Epilepsy of New York City database, which included the
text of physician notes from five academic medical centers. Clinical history
(e.g., seizure semiology) and EEG features (e.g., background organization,
slowing, epileptiform activity, seizures, sleep architecture, extreme delta
brush) were abstracted. We compared clinical features associated with
persistent seizures (ongoing seizures after one month from presentation)
and status epilepticus, using bivariate and multivariable analyses.
Results. Among the 38 individuals with definite anti-NMDARE, 32 (84%) had
seizures and 29 (76%) had seizures captured on EEG. Electrographic-only
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seizures were identified in five (13%) individuals. Seizures started at a
median of four days after initial symptoms (IQR: 3-6 days). Frontal lobe-onset
focal seizures were most common (n=12; 32%). Most individuals (31/38;
82%) were refractory to anti-seizure medications. Status epilepticus was
associated with younger age (15 years [9-20] vs. 23 years [18-27]; p=0.04) and
Hispanic ethnicity (30 [80%] vs. 8 [36%]; p=0.04). Persistent seizures (ongoing
seizures after one month from presentation) were associated with younger
age (nine years [3-14] vs. 22 years [15-28]; p<0.01). Measured electrographic
features were not associated with persistent seizures.
Conclusions. Seizures associated with anti-NMDARE are primarily focal
seizures originating in the frontal lobes. Younger patients may be at
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nti-N-methyl-D-aspartate receptor encephalitis
NMDARE) is the prototype of an expanding number
f autoantibody-mediated encephalidies (Dalmau et
l., 2007). The disease progresses from a constellation
f psychiatric features, seizures, and language and
emory involvement to disturbances of conscious-

ess, dyskinesias, and autonomic instability (Dalmau
t al., 2011). Seizures are well-established (Dalmau et
l., 2007) and typically an early feature of the disease;
owever, in a subset of individuals, status epilepticus
nd persistent seizures (after the initial acute presen-
ation) may occur. Yet it is unclear who is at high risk
or these more severe seizure presentations.
urrent literature highlights a possible age effect on

eizure presentations in anti-NMDARE. Prior series
ave found that seizures occur in 70-80% of cases
f anti-NMDARE (Leypoldt and Wandinger, 2014;
onderen et al., 2018; Gillinder et al., 2019a). Status
pilepticus (SE) is common, occurring in as many as
alf of affected individuals (Liu et al., 2017). Young
ge at onset is a postulated risk factor, though there
re limited comparisons of seizures or EEG findings in
ediatric versus adult populations (Titulaer et al., 2013;
eciana et al., 2015; Foff et al., 2017; Zhang et al., 2017;
onderen et al., 2018; Gillinder et al., 2019a; Jeannin-
ayer et al., 2019). Seizures and movement disorders
ay be a more common initial presenting symptom in

hildren (less than 12 years of age) than adults (over
ge 18) (Liu et al., 2017).
here is growing interest to use EEG as a biomarker
or disease progression (Baysal-Kirac et al., 2016; Foff
t al., 2017; Haberlandt et al., 2017; Zhang et al., 2017;
40

illinder et al., 2019a; Jeannin-Mayer et al., 2019). The
EG is rarely normal in anti-NMDARE (only 10% of
ases) (Gillinder et al., 2019a), suggesting its features
ay yield valuable prognostic information. However,

he sensitivity and specificity of these EEG abnormali-
ies to predict outcomes are not sufficient to serve as a

a
s
e
o
r
o

leptogenesis and status epilepticus. Continuous EEG
ntify subclinical seizures, but specific EEG findings may
ity or persistence of seizures during hospitalization.

DA receptor encephalitis, autoimmune encephalitis,

eliable clinical biomarker (Schmitt et al., 2012; Veciana
t al., 2015; Sonderen et al., 2018; Yildirim et al., 2018;
eannin-Mayer et al., 2019), in part, due to limited out-
omes studies (Gordon-Lipkin et al., 2017; Yeshokumar
t al., 2017). One specific EEG pattern described in anti-
MDARE is the extreme delta brush (EDB), though this
as been reported in a wide range (0-58%) of stud-

ed anti-NMDARE patients (Gillinder et al., 2019b), and
herefore may not be a sufficiently sensitive or reliable
iomarker for clinical use. More recently, severe, dif-

use background slowing has been posited as a risk for
oor neurologic outcome in a small pediatric cohort

Yildirim et al., 2018).
lthough there has been much attention on the elec-

rographic background in anti-NMDARE, there are only
few descriptions of clinical seizures captured on EEG.

n a large systematic review of the literature, 446 cases
f NMDARE were identified with available EEG infor-
ation, of which only 39 (8.7%) had seizures that were

lectrographically captured (Gillinder et al., 2019a).
ftentimes, prior studies were limited by the duration

f the EEG recording, thus here we examined a cohort
hat often underwent long-term video-EEG monitor-
ng, capturing data for both wakefulness and sleep.
his cohort was also unique in that patients were seen
y an epileptologist, which may provide deeper insight

nto the clinical seizure and EEG characteristics.
ere, we review patients with a diagnosis of anti-
MDARE treated at major NYC medical centers
etween 2010 and 2014. Our primary aims were

wo-fold: 1) to identify clinical and electrographic pre-
ictors of SE or persistent seizures in individuals with
Epileptic Disord, Vol. 22, No. 6, December 2020

nti-NMDARE; and 2) to better characterize the clinical
eizure subtypes seen with ant-NMDARE. We hypoth-
sized that while seizures would be an early feature
f anti-NMDARE, younger aged patients would be at
isk of persistence of seizures after the initial month
f presentation. In addition, our a priori hypothesis
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egarding electroclinical seizures was that seizures
ould be more often focal than generalized at onset,

nd typically refractory to treatment and requiring
ultiple antiseizure medications (ASMs). The findings

rom this study, specifically examining risk factors for
ersistent and severe seizures, will add to the current
ody of literature regarding seizures associated with
nti-NMDARE, thereby providing guidance for seizure
reatment.

ethods

tudy design

his was a retrospective cohort study of individuals
ith anti-NMDARE. Individuals were identified from

he Rare Epilepsy of New York City (RENYC) database,
hich includes clinical information and the text of
hysician notes and EEG reports from five tertiary med-

cal centers in New York City (NYC) (Weill Cornell
edicine, Mount Sinai School of Medicine, Monte-

ore Medicine, Columbia University Medical Center,
nd New York University Medical Center). The study
as approved by the institutional review board at the
ve participating centers, facilitated by a central IRB

Biomedical Research Alliance of New York; BRANY).
he RENYC database includes the text of 650,000 clin-

cal notes for 78,000 patients from 2010 - 2014. The
ata were obtained by asking each site to identify all
atients with a visit associated with an ICD9 code of
45.x (epilepsy), 779.0 (neonatal convulsions), or 780.39
convulsions). The notes included inpatient and out-
atient encounters by neurologists, EEG reports, and
ischarge summaries. To find individuals with anti-
MDARE, we performed a text search for the string

NMDA”. Clinical notes for adult and pediatric patients
ere then reviewed by two reviewers (JG and AY).

nclusion and exclusion criteria

ll individuals included in this study were diagnosed
ith definite anti-NMDRE, which was defined as per

he guidelines outlined by Graus et al. (Graus et al.,
016; Panel 4). Namely, the patient was required to
ave IgG anti-GluN1 antibodies and a clinical pre-
entation consistent with anti-NMDARE. Key clinical
eatures included rapid onset of:
pileptic Disord, Vol. 22, No. 6, December 2020

decreased level of consciousness;
psychiatric symptoms and/or cognitive dysfunction;
seizures without a prior known seizure disorder;
movement disorder;
speech dysfunction;
and autonomic dysfunction and exclusion of alter-

ative causes (Graus et al., 2016).

–
h
p
W
l
c
c

Anti-NMDA receptor encephalitis

he full evaluation for each patient was reviewed to
nsure alternative diagnoses were excluded. Patients
ere excluded if their primary evaluation was per-

ormed at an external institution due to concern for
ncomplete records, or if there were insufficient clin-
cal data or EEG reports available. When an individual
isited multiple NYC medical centers within our net-
ork, records were consolidated into a single subject

ecord.

ata abstraction

o-investigators at each study site reviewed EEG
eports and clinical notes for each included case,
xtracting information regarding clinical seizures and
lectrographic features. Clinical seizure information

ncluded timing and frequency of clinical seizures,
ubtype of clinical seizures (generalized vs. focal;
otor vs. non-motor), and presence of clinical SE.
emographic features (age, race, ethnicity, zip code,

nsurance type), relevant personal and family med-
cal history (history of psychiatric disease, history
f autoimmune disease, history of seizures), hospi-

al course information (length of stay, need for ICU
are), and treatment history (immunomodulatory ther-
pies used, anti-epileptic therapy used) were also
bstracted. Time to ASM treatment or immunotherapy
as documented in days from first reported clinical

ymptom.

EG review

EG reports were reviewed for five features (back-
round organization, slowing, epileptiform features,
eizures, and sleep architecture) by fellowship trained
pileptologists (JG, EY, SV). It was not feasible to exam-

ne the full EEG files because most files had either
een clipped or were not available, therefore, reports
ere used for review. All EEG reports were written by

he fellowship-trained epileptologist on service at the
ime the patient was admitted. Ordinal scales were
eveloped for each of the five features, based on the

nternational League Against Epilepsy (ILAE) 2017 clas-
ification standards (Fisher et al., 2018a, 2018b) (table 1).

e grouped EEG findings into two time points:
the first EEG, which was the first available EEG report

fter presentation with NMDARE symptoms;
741

and all subsequent EEG findings from the initial
ospitalization, to indicate the range of abnormalities
resent after the initial study.
e also recorded the number and timing of routine,

ong-term video and ambulatory EEG studies. SE was
lassified according to the ILAE definition and classifi-
ation (Trinka et al., 2015).
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Table 2. Demographic characteristics of individuals
with anti-NMDARE in the RENYC network (n = 38)

and EEG use.

Demographics n (%) or
Median (IQR)

Age 21 (11-27)

Sex (male) 8 (21)

Race
Unknown
White
African American
Asian
Other

4 (10.5)
15 (39.5)
7 (18.5)
4(10.5)
8 (21)

Ethnicity
Unknown
Hispanic
Non-Hispanic

10 (26)
14 (37)
14 (37)

Site for treatment
CUIMC
Montefiore
NYU
NYP-Cornell
MSHS

21 (55)
2 (5)
5 (13)
5 (13)
4 (10)

EEG use and findings
EEG obtained
Days of EEG monitoring
Number of routine EEGs
Days after hospital presentation to
first EEG
Seizures captured on EEG
Days from hospital presentation to
clinical seizure
Days from hospital presentation to
last known seizure
Days to hospital presentation from

37 (97)
9 (5-22.5)
1 (0-1.5)
9 (5-22.5)

24 (63)
4(3-6)

9 (1.5-51.5)

18 (6-66)

w
t
2

ata analysis

e compared individuals with persistent seizures
ongoing seizures after one month from presenta-
ion) and those with acute seizures only (i.e. seizures
eased within one month of presentation), and identi-
ed EEG characteristics associated with the persistence
f seizures. The five EEG features on the first EEG
ere compared between those with and without per-

istent seizures, and between those with and without
E. Bivariate analysis was performed using Wilcoxon
ank-sum tests for continuous variables and Pearson’s
hi-squared testing for binary variables. Clinical and
EG factors were analyzed using Pearson’s chi-squared
esting and Wilcoxon rank-sum testing for categorical
nd continuous variables to identify factors associated
ith the development of SE. Time to treatments (both
SMs and immunotherapy) were operationalized as
ontinuous variables. Survival analysis for time from
rst seizure to seizure cessation was performed using
aplan-Meier survival analysis. Age was examined both
s a continuous variable and as a binary variable (age at
ymptom onset ≤18 vs 19+). Data were analyzed using
tataIC (STATACorp; College Station, TX) and R statis-
ical package (RStudio v1.3.959).

esults

emographics of the patient cohort

he text search identified 174 patients with the term
NMDA” in the clinical notes. After chart review,
e identified 38 individuals (21% male) with defi-
ite NMDARE across all five centers (supplementary

able 1). The median age at symptom onset was 21
ears (IQR: 11-27 years; range: 2-41). Few patients had
personal history of autoimmune (AI) disease (n=3;

%); all thyroid disease. None had a personal history
f seizures, though three (8%) reported a family history
f seizures (table 2).

isease treatment/management

ive patients (13%) were seen at multiple institutions
ithin the RENYC network. An additional 17 (50%)
atients were seen at one institution within RENYC
nd another outside hospital. Overall, patients in this
ohort were admitted to a median of two different hos-
itals (IQR: 1-2) and one rehabilitation facility during
pileptic Disord, Vol. 22, No. 6, December 2020

heir acute presentation. Presentation to one of the
ENYC hospitals occurred a median of eight days after
ymptom onset (IQR: 6-66 days; range: 0 - 7 years).
mmunotherapy, including corticosteroids (81%
f subjects), plasmapheresis (59%), IVIG (100%),
yclophosphamide (16%), or rituximab (59%) was
iven to all patients in this cohort. Immunotherapy

m
2
m
i
i
r
1

symptom onset

Other
Ovarian teratoma identified 13(34)

as initiated a median of 5.5 days after presentation
o a hospital (IQR: 1-19 days; maximum: 721 days) and
9 days after clinical symptom onset (IQR: 17-80 days;
aximum: 2,813 days). Intensive care was required in

5/38 (66%) for a median of 18 days (IQR: 6-38 days;
743

aximum: 148 days). Hospitalizations were lengthy
n this cohort, with total length of inpatient hospital-
zation lasting a median of 31 days (IQR: 22-58 days;
ange: 3-200 days). Ovarian teratoma was removed in
3 (34%) patients of this cohort.
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s
talization. EEG reports described EDB in two patients.
igure 1. Time from first seizure to seizure cessation in pediatric
s. adult patients (median 55 days [95% CI: 40-503] for children<18
ears vs. 22 [95% CI: 13- 45] for adults>18, p=0.4).

linical seizure findings

hirty-four patients (89% of the cohort) were treated
or clinical seizures at some time during their hospi-
alization. Of the patients who had seizures, a third
11 of 34) did not have seizures until after the initial
ospital presentation. Clinical seizures occurred at a
edian of three days after hospital presentation (IQR:

-6 days; range: 0-9 days). The most common initial
linical seizure subtype was focal motor onset with
mpaired awareness (n=15; 44%). Nine (24%) were ini-
ially treated for seizures, but after capturing events on
calp EEG, the paroxysmal events were favored instead
o represent abnormal movements. Among the 20 indi-
iduals with a known last day of seizures, seizures
ersisted for a median of 22 days (IQR: 4-83; range: 0-
18 days). The remaining 14 either still had seizures at
ast follow-up visit or did not have an outpatient follow-
p at a RENYC site. Kaplan-Meier survival analysis was
erformed to compare adult and pediatric patients;

ndividuals ≤18 did not have a significantly increased
uration of seizures (median of 55 days [95% CI: 40-503]

or children ≤18 years vs. 22 [95% CI: 13-45] for adults
18; p=0.4) (figure 1).

tatus epilepticus (SE)

ourteen of the cohort (37%) had episodes of SE during
44

ospitalization, 10 of which were captured on EEG. For
even individuals (18%), SE was one of the presenting
ymptoms upon admission to the hospital. SE began a
edian of two days after presentation (IQR: 0-3 days;

ange: 0-7 days). Four had convulsive SE, three non-
onvulsive SE with coma, three focal motor SE, two

W
d
f
g
a
t

yoclonic SE, and two not classifiable based upon the
vailable information.

se of EEG

ll 38 individuals with anti-NMDARE had at least
ne EEG. The EEG reports were available for all
xcept one patient. Thirty-five patients had long-term
ideo-EEG monitoring performed during their initial
ospitalization, beginning a median of eight days after
resentation. Video-EEG was continued for a median
f nine days (IQR: 5-17 days; range: 0-118 days).

eizure management

n ASM was first administered at a median of 13.5
ays after onset of clinical symptoms (IQR: 8-73 days).
evetiracetam was the most commonly used anti-
eizure medication (22/38) (figure 2). Most patients
eceived three or more ASMs during hospitaliza-
ion (n=31; 82%). Anesthetics were commonly needed
15/38 patients) including ketamine (3), propofol (9),

idazolam (11), and pentobarbital (4). Twenty-three
61%) were still on ASM therapy at the last known
ollow-up visit. Four patients were lost to follow-up
r had an unclear ASM treatment course. Of those
atients whose last ASM treatment was known, ASM

herapy was continued for a median of 194 days (IQR:
6-295; range: 0-2,015 days).

EG findings

lectrographic background features were assessed for
5/38 (92%) of the patients. For the remaining patients,
he EEG report did not provide sufficiently detailed
nformation. In the initial EEG, 30 (86%) individuals had
ymmetric and reactive EEGs, though only 37% main-
ained a normal waking background (normal anterior
osterior gradient [APG] and frequency amplitude gra-
ient) throughout the hospitalization (table 3). Slowing
as seen in most patients; 80% in the first EEG and 89%

t some time during the hospitalization (table 3). Thirty
86%) had epileptiform or periodic discharges on sub-
equent EEGs, which most commonly consisted of
nifocal rhythmic delta activity or sharp waves, though
nly 18 (51%) patients had these discharges captured
n the initial EEG. Sleep was often abnormal with only
0% of patients ever having normal sleep transients or
low-wave sleep captured on EEG during their hospi-
Epileptic Disord, Vol. 22, No. 6, December 2020

hen we compared the first EEG to subsequent EEGs
uring the hospitalization, there were significant dif-

erences found with regards to frequency amplitude
radient, epileptiform activity (morphology, location
nd frequency), sleep transients, and seizures. Over
he course of hospitalization, a majority of patients
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igure 2. Antiseizure and anesthetic treatments for seizures thro

ith normal anterior posterior gradient (APG) (n=21)
r preserved sleep architecture (n=17) on their initial
EG showed subsequent loss of these normal features
loss of APG: n=13 [62%]; loss of normal sleep tran-
ients: n=15 [71%]). Although changes in slowing
atterns from the first to subsequent EEGs were
ot statistically significant, there were some poten-

ially clinically important effect sizes. For example,
he percentage of individuals with multifocal slowing
ncreased from 3 to 14 and the percentage of individu-
ls with diffuse and unifocal slowing doubled (table 3).
dditionally, several patients (n=12) developed epilep-

iform activity or periodic discharges who did not have
hese findings initially. There were also seven patients
ho had increased epileptiform activity on subse-
uent EEGs. More seizures were likewise captured on
ubsequent EEGs compared with the initial EEG (n=3
s. n=22; p=0.01) (table 3).
wenty-four (63%) patients had seizures captured
n EEG. Twelve (32%) had predominately frontal
nset seizures and nine (24%) predominantly tem-
oral onset seizures. Importantly, five (13%) patients
ad electrographic-only seizures, and 11 (29%) had
oth electrographic and electroclinical seizures. Status
pilepticus was captured on EEG in 10 (26%) individuals
lthough none had SE on the initial EEG.

ersistent seizures

n 10 (50%) patients, seizures stopped within the
pileptic Disord, Vol. 22, No. 6, December 2020

rst month, and 10 (50%) had seizures persisting for
onger than one month. A definite seizure cessation
ate was not known (due to being lost to follow-
p or lack of clarity on the chart) for the remaining
8. Those who had seizures lasting longer than one
onth were younger than those whose seizures remit-

ed (nine years [3-14] vs. 22 years [15-28]; p<0.01).
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ersistent seizures were not associated with type or
iming of immunotherapy, EEG factors, or ASM treat-

ent (table 4). Similarly, persistent seizures were not
ssociated with teratoma removal (chi-squared= 0.23;
=0.64). Individuals with SE during hospitalization
ere more likely to have persistent seizures, though

he association was not statistically significant (OR: 2.25
0.27 – 12.47]; p = 0.37).

tatus epilepticus

ndividuals with status epilepticus were more likely to
e younger (15 years [9-20] vs. 23 years [18-27]; p=0.04).
dditionally, being of Hispanic ethnicity was associ-
ted with SE (30 [80%] for Hispanic vs 8 [36%] for
on-Hispanic individuals; p=0.04). Teratoma removal
as not associated with SE (chi-squared=2.45; p=0.12).
one of the five measured features in the first EEG was

ssociated with increased odds of SE. Normal EEG find-
ngs in subsequent EEGs were associated with a lower
isk of SE, such as presence of reactivity (OR: 0.10 for
E [95% CI: 0.01-0.93]; p=0.05) and normal APG (OR:
.20 for SE [0.03-0.90]; p=0.04). In 7/10 patients with SE
aptured on EEG, lack of a normal posterior dominant
hythm preceded the onset of SE during hospitaliza-
ion. Individuals with SE had more frequent interictal
pileptiform activity during hospitalization SE (OR:
.43 [95% CI: 1.12-5.26], p=0.02), however, epileptiform
ctivity was only seen in two patients prior to onset
745

f SE. Patients with SE were more likely to have mul-
ifocal or diffuse epileptiform abnormalities whereas
hose without SE more frequently had unifocal epilep-
iform abnormalities (OR: 1.87 [95% CI: 1.01-3.50]; p

0.04). SE was not associated with the presence of
low-wave sleep, sleep transients, type and timing of
mmunotherapy, nor ASM treatment.
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Table 3. EEG features and differences between initial EEG and subsequent EEGs (n=35).

EEG features First EEG
n (%) (median: 2 days
from hospitalization)

Subsequent EEGs
n (%)

p value

Background
Symmetric
Normal frequency-amplitude

gradient
Normal posterior dominant

rhythm
Reactivity

29 (82.9)
21 (60)

16 (45.7)

29 (82.9)

28 (80)
13 (37.1)

13(37.1)

31 (88.6)

0.69
0.01

0.34

1.0

Slowing 0.65
None
Unifocal
Multifocal
Diffuse and unifocal
Diffuse

7 (20.0)
4 (11.4)
1 (2.9)
7 (20.0)
15 (42.8)

4 (11.4)
3 (8.5)
5 (14.2)
14 (40.0)
11 (31.4)

Epileptiform activity

Frequency 0.02
None
Rare
Occasional
Frequent
Abundant-continuous

20 (57.1)
0 (0)
5 (14.2)
8 (22.8)
0 (0)

8 (22.8)
4 (11.4)
15 (42.8)
7 (20.0)
2 (5.7)

Location 0.01
None
Unifocal
Multifocal
Diffuse and unifocal
Diffuse

20 (57.1)
8 (22.8)
4 (11.4)
2 (5.7)
1 (2.9)

8 (22.8)
12 (34.2)
7 (20.6)
5 (14.2)
3 (8.5)

Morphology <0.01
None
Periodic discharges
Rhythmic delta activity
Spike-wave
Sharp waves
Rhythmic delta activity+ sharp

waves

20 (57.1)
1 (2.9)
6 (17.1)
5 (14.2)
2 (5.7)
1 (2.9)

8 (22.8)
0(0)
7 (20.6)
4 (11.4)
6 (17.1)
11 (31.4)

Sleep features
Stage II transients
SWS

17 (48.5)
14(40.0)

15 (42.8)
15 (42.9)

<0.01
0.62

Delta brush 1 (2.9) 2 (5.7) 1.0

EEG seizures 0.01
None
Electrographic
Electroclinical
Both electrographic and

electroclinical
Clinical only

26 (74.2)
3 (8.6)
3 (8.6)
1 (2.9)

2 (5.7)

14 (40)
5 (14.2)
6 (17.1)
11 (31.4)

0 (0)

Status epilepticus on EEG 0 (0) 10 (28.6) <0.01
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Table 4. Variables associated with persistent seizures (seizures lasting longer than one month).

Factor OR CI p value

Age<18 years 0.84 0.72-0.98 0.02

Male (vs. female) 0.56 0.44-0.73 0.48

Timing of immunotherapy 1.00 0.99-1.01 0.35

Teratoma removal 0.64 0.10-4.09 0.64

Timing of ASM treatment from first clinical
symptom

0.99 0.99-1.01 0.98

Status epilepticus during admission 2.25 0.38-13.47 0.37

First EEG
Background symmetric
Normal frequency-amplitude gradient
Reactivity present
Normal anterior-posterior gradient
Slowing
Epileptiform discharge: subtype
Epileptiform discharge: frequency
Epileptiform discharge: location
Epileptiform discharge: morphology
Sleep transients
Presence of slow-wave sleep

1.75
0.63
0.99
1.0
1.32
1.13
1.13
1.24
1.19
1.27
0.84

0.22-14.22
0.10-4.22
0.87-3.45
0.14-7.09
0.69-2.50
0.57-2.27
0.56-2.27
0.58-2.64
0.66-2.17
0.34-4.77
0.26-2.77

0.59
0.63
0.15
1.0
0.39
0.57
0.72
0.57
0.56
0.72
0.78

Subsequent EEGs
Symmetric background
Normal frequency-amplitude gradient
Reactivity present
Normal anterior-posterior gradient
Slowing
Epileptiform discharge: subtype
Epileptiform discharge: frequency

2.0
0.31
2.57
0.31
0.69
0.98
0.79

0.25-16.00
0.04-2.38
0.19-34.47
0.04-2.38
0.28-1.67
0.50-1.90
0.30-2.03

0.51
0.25
0.46
0.25
0.40
0.94
0.61

D

I
a
s
N
e
v
r
w
t
H
a
b

b
o
i
b
c
c
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u

Epileptiform discharge: location
Epileptiform discharge: morphology
Sleep transients
Presence of slow-wave sleep

1.0
0.98
2.68
2.68

iscussion

n this study we found that, although seizures were
common (89%) and early (median: 3 days after

ymptom onset [IQR: 3-6]) presenting symptom of anti-
MDARE, as has been previously described (Graus
t al., 2016; Viaccoz et al., 2014), in a subset of indi-
iduals, seizures were also prolonged, persistent, and
pileptic Disord, Vol. 22, No. 6, December 2020

esulted in status epilepticus. Younger individuals
ere indeed more likely to experience status epilep-

icus and persistent seizures beyond one month.
owever, this conclusion is tempered by our survival

nalysis, which failed to identify a clear difference
etween pediatric and adult patients. Interestingly,

k
s
w
h
t
2

0.42-2.40
0.50-1.90
0.49-14.67
0.49-14.67

1.0
0.94
0.23
0.23

eing Hispanic was also associated with increased risk
f status epilepticus. EEG recordings, while helpful

n identifying subclinical seizures, did not provide a
iomarker for persistent seizures or status epilepti-
us despite extended use (median of nine days in this
ohort).
ersistent seizures were identified in half of individ-
als for whom a definite seizure cessation date was
747

nown. There is an important distinction between
ymptomatic seizures and development of epilepsy
ith anti-NMDARE. Most patients with anti-NMDARE
ave symptomatic seizures that resolve soon after

he initiation of immunotherapy (de Bruijn et al.,
019). Development of epilepsy after anti-NMDARE
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s thought to be rare, though there is poor longitu-
inal data available to fully examine this (Sonderen
t al., 2018; Spatola and Dalmau, 2017). In this study
persistent seizures” is not synonymous with having
pilepsy, however, persistent seizures were still noted
ore frequently than hypothesized. This may be sec-

ndary to the severity of illness in this cohort. Most
atients (66%) were treated in the ICU, many for >two
eeks (median 18 days), and status epilepticus was

ommon. Thus, seizures may be associated with unde-
ected cortical injury rather than something intrinsic to
he anti-NMDARE disease process. Our inability to pre-
ict who will have persistent seizures may reflect our

ack of sensitive markers for cortical injury associated
ith anti-NMDARE.
elatedly, electrographic features did not predict who
ould have persistent seizures. Although individuals

n this cohort were monitored frequently with EEG
median of nine days of continuous monitoring), the
xtracted EEG features were not found to be valu-
ble as a biomarker. EDB was only noted in two (5%)
n this patient cohort, supporting a previously raised
oncern that EDB lacks the sensitivity and specificity
or anti-NMDARE (Baykan et al., 2018; Sonderen et
l., 2018). EDB was identified in 3% of a neurologi-
al ICU population with altered consciousness (not
ue to autoimmune encephalitis), and 1% of a cohort
ith mesial temporal lobe epilepsy with hippocampal

clerosis (Armangue et al., 2013; Veciana et al., 2015;
ohammad et al., 2016; Foff et al., 2017; Haberlandt et

l., 2017; Zhang et al., 2017; Baykan et al., 2018; Sonderen
t al., 2018; Gillinder et al., 2019a). It is important to
ote that our assessment of EDB was determined by
eview of the EEG report only, and not the EEG tracings
hemselves.

ur findings support extended use of continuous
ideo-EEG for seizure detection and differentiation.
lectrographic-only seizures were seen in 13% of the
ohort. Additionally, nine patients had events that were
nitially treated as seizures but later considered non-
pileptic movements. Also, frontal lobe seizures were
ommon in this cohort (32%) and can be difficult to
linically identify. Last, the number of individuals with
eizures captured on EEG increased more than seven-
old (n=3 to n=22) with continued monitoring.

e found a greater proportion of patients with focal
pileptiform discharges in our cohort than in prior
eports. For example, in a study of 12 pediatric patients,
nly one had localized epileptiform discharges on
48

he first EEG (Yildirim et al., 2018) compared to 47%
n initial EEG and 79% in subsequent EEGs in our
ohort. Although generalized tonic-clonic seizures are
escribed as the most common seizure type in the lit-
rature (Cooray et al., 2015; Dalmau et al., 2008), focal
otor onset with impaired awareness was more fre-

uent in our cohort, suggesting that localized cortical

a
d
t
h
s
H
h

yperexcitability is a component of anti-NMDARE. This
upports the overall conception of anti-NMDARE as a
ultifocal diffuse central nervous system process.

iming of treatment (immunomodulatory and ASM)
as not associated with persistence of seizures or SE.

arly immunomodulatory treatment is important for
mproving outcomes such as motor disability (Graus
t al., 2016) as well as seizures (de Bruijn et al., 2019).
hus, we were surprised not to see an association of
reatment timing with seizure outcomes. We specu-
ate that this may be due to the delay in initiation of
mmunotherapy overall in the cohort (median of 28
ays from clinical symptom onset), and thus the initial
indow for rapid seizure treatment and cessation may
ave passed. Future prospective studies are needed

o determine if the duration of seizures is affected by
iming of immunomodulatory or ASM treatment.

any patients were seen at multiple institutions within
he NYC area, highlighting the fragmented care in
his population. Here, presentation to a tertiary med-
cal center was delayed, occurring after a median of
ight days- in one patient 66 days. Fragmentation of
are may contribute to poorer epilepsy outcomes
for cases both associated and not associated with
nti-NMDARE) due to misdiagnosis and medication
rrors (England et al., 2012; Grinspan et al., 2015).
eizures and status epilepticus are a large compo-
ent of the need for hospitalizations. A recent study

ound that median hospital charges for individuals with
utoimmune encephalitis were more than $70,000 and
ubstantially higher if admitted to the ICU ($173,000 per
dmission) (Cohen et al., 2019). More effective treat-
ents for seizures associated with anti-NMDARE are

ssential for cost reduction.
ncreased risk of SE amongst Hispanic patients may
ndicate disparate access to medical care (Price et al.,
015) and reflect socioeconomic status, language bar-
iers, or limited access to treatment (Kelvin et al., 2007;
ngland et al., 2012). It is unlikely that these specific
are-delivery findings are unique to NYC (Burneo et al.,
009). Prior studies on sociodemographic disparities in
elivery of epilepsy care found that differences asso-
iated with race and ethnicity persisted despite care
ite (Begley et al., 2009). An alternative explanation is
hat Hispanic individuals may develop a more severe
utoimmune or inflammatory reaction, resulting in
orsened seizure outcomes. This concern has been

aised for other autoimmune diseases such as systemic
upus erythematosus (Contreras et al., 2006; Burgos et
Epileptic Disord, Vol. 22, No. 6, December 2020

l., 2011). Differences in risk seen in other autoimmune
iseases between Hispanic and non-Hispanic popula-

ions has led to examination of HLA-subtypes. Some
ave identified differences in risk conferred by HLA
ubtype based upon ethnic background, for example
LA*DRB1-positive patients of Hispanic origin may
ave different risk for type 1 diabetes, scleroderma,
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nd rheumatoid arthritis compared to non-Hispanic
opulations. Based on a prior genome-wide associa-

ion study, HLA allele imputation identified HLA-I allele
*07:02 as a risk allele for anti-NMDARE. Further exam-

nation of immunogenetics may further delineate the
elationship between ethnicity, HLA alleles, and risk of
utoimmune disease.
everal limitations merit discussion. First, our analysis
f EEGs was limited because the raw EEGs were unavail-
ble for review, and thus the interpretations were
ot standardized. Second, we suspect we have under-
stimated the incidence anti-NMDARE, as there has
ubsequently been increased awareness of autoim-
une encephalitis over the intervening years, and

hus this cohort may not be representative of the full
pectrum of the disease. Third, there were gaps in avail-
ble data, importantly, the timing of seizure cessation,
articularly if care was fragmented or clinical docu-
entation was cursory or incomplete. This may have

pecifically imparted our survival analysis comparing
ediatric and adult patients. Last, this study was per-

ormed at RENYC study sites which are tertiary care
cademic centers; thus, the cohort may be biased to
ontain more severe cases.
ur inability to predict persistent seizures using clini-

al or electrographic features underscores significant
aps in our understanding of who is at risk of epilepsy
ollowing anti-NMDARE and, more broadly, our under-
tanding of autoimmune-associated seizures. This
tudy supports a role for continued close monitor-
ng of anti-NMDARE patients for seizures beyond the
cute period of presentation. It further highlights the
eed for investigating risk factors and biomarkers

or persistent seizures. Finally, the variation in cur-
ent treatment practices targeting seizures associated
ith autoimmune encephalitis identified here pro-

ides future opportunities for research on comparative
ffectiveness. �

Key points
• Seizures associated with anti-NMDARE can persist
after one month and can be difficult to treat.
• Seizures are typically focal and were most com-
monly localized to the frontal lobe in this cohort.
• Although EEG findings were not predictive of
persistent seizures, EEG was useful in identifying
electrographic seizures.
• Younger patients may be at increased risk of per-
pileptic Disord, Vol. 22, No. 6, December 2020

sistent seizures and status epilepticus associated
with anti-NMDARE.

upplementary data.
ummary didactic slides and supplementary table are available
n the www.epilepticdisorders.com website.
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TEST YOURSELF
EDUCATION

1. In this cohort, what was a key unifying risk factor for both persistent seizures and status epilepticus?

2. Were focal or generalized seizures seen more commonly in this anti-NMDARE cohort?

3. What sociodemographic concerns were identified in the treatment of anti-NMDARE in this cohort?

Note: Reading the manuscript provides an answer to all questions. Correct answers may be accessed on the
website, www.epilepticdisorders.com, under the section “The EpiCentre”.
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