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ment of autoimmune-associated epilepsy, defined as persistent seizures despite
adequate immunotherapy and absence of active inflammation. Factors indepen-
dently associated with the outcome were identified through a backward stepwise
selection. Adjusted regression coefficients of each independent predictor were
transformed to produce a points-based risk-scoring system.

Results: Seventy participants were included (median age=24.2years, 38.6%
male). During a median follow-up of 53months, 54.3% of subjects developed
autoimmune-associated epilepsy. Status epilepticus duration >10days (odds
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ity for antibodies against surface antigens (OR = .12, 95% CI = .02-.85, p=.034),
bitemporal magnetic resonance imaging (MRI) abnormalities suggestive of au-
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1. INTRODUCTION

Most autoimmune encephalitis present with seizures, and
some cases evolve to long-term epilepsy. The Autoimmunity
and Inflammation Task Force of the International League
Against Epilepsy (ILAE) defined “autoimmune-associated
epilepsy” as persistent seizures despite adequate immuno-
therapy and in the absence of clear evidence of active in-
flammation.! The effect of inflammation in these subjects
is irreversible and results in an enduring predisposition to
spontaneous seizures.

New onset refractory status epilepticus (NORSE) is
a rare, challenging clinical presentation characterized
by the occurrence of refractory status epilepticus (SE)
with no readily identifiable cause in otherwise healthy
individuals.” NORSE is a heterogeneous condition as-
sociated with distinct prognosis and a variety of under-
lying etiologies. Functional disability and subsequent
chronic epilepsy are common after NORSE, but some
people have good outcomes.® Interestingly, autoimmune
encephalitis represents one of the most commonly iden-
tified causes of NORSE,* and refractory SE has been
suggested to act as a risk factor for epileptogenesis and
drug-resistant epilepsy in subjects with autoimmune
encephalitis.>®

In a previous multicentric cohort study, we described
the epileptic phenotypes and long-term outcomes of 263
participants with new onset seizures in the context of au-
toimmune encephalitis.” To expand the results further, in
the current analysis, we aimed to identify the risk factors
and develop a predictive scoring system for autoimmune-
associated epilepsy in subjects with NORSE due to autoim-
mune encephalitis.

p=.007), and interictal epileptiform discharges during electroencephalographic
(EEG) follow-up (OR=71.32, 95% CI=6.48-785.32, p<.001) were indepen-
dently associated with the study outcome. The duration-antibodies-MRI-EEG
(DAME) score was developed as an integer-based scoring system predictive of
autoimmune-associated epilepsy. With an optimal cutoff of >3 points, it yielded a
sensitivity of 86.8%, a specificity of 87.5%, and an overall accuracy of 87.1%.

Significance: The DAME score could serve as a user-friendly score to predict the
risk of autoimmune-associated epilepsy in patients with NORSE due to autoim-

autoimmune encephalitis, etiology, new onset refractory status epilepticus, status epilepticus

Key points

« The DAME score predicts the risk of epilepsy
in patients with autoimmune encephalitis-
associated NORSE.

 The score consists of four variables: duration of
status epilepticus, antibody status, MRI abnor-
malities, and interictal EEG findings.

 The score yields a sensitivity of 86.8%, a speci-
ficity of 87.5%, and an accuracy of 87.1%.

« The score may inform prognosis prediction,
customization of follow-up, and improvement
of long-term management.

2. MATERIALS AND METHODS
2.1. Study setup and data collection

This was a subgroup analysis with extended follow-up of
a previously published retrospective, multicenter cohort
study performed at 34 Italian epilepsy centers and includ-
ing patients who experienced epileptic seizures at the
onset or during the acute phase of autoimmune encepha-
litis.” Only subjects presenting with NORSE at the onset of
autoimmune encephalitis and with a minimum follow-up
of 24 months after immunotherapy were considered in the
current analysis.

The diagnosis of autoimmune encephalitis was de-
fined according to consensus criteria in adult® and pe-
diatric patients,” including the following: (1) definite
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antibody-positive autoimmune encephalitis and (2) prob-
able antibody-negative autoimmune encephalitis. Patients
with prior history of epilepsy or with comorbidities
known to confer a significant risk of developing seizures
(e.g., alcohol or drug abuse, previous brain lesions) were
excluded.

Medical charts at admission and during follow-up
visits were reviewed to collect demographic and clinical
data, including age, gender, duration, and type (i.e., with
prominent motor symptoms or nonconvulsive) of SE.
Paraclinical findings, including cerebrospinal fluid (CSF)
analysis, electroencephalography (EEG), and brain neuro-
imaging, were also reviewed. All paired serum and CSF
samples were tested for an antibody panel using commer-
cial kits. In cases where results were nondiagnostic, addi-
tional investigations were carried out through fixed and
live cell-based assays, tissue-based assays, and immuno-
blot, following standardized protocols and expert guide-
lines, to detect the presence of antineuronal antibodies.
Details of collected information were already described
elsewhere.”

The outcome was the development of autoimmune-
associated epilepsy, defined by the ILAE as persistent
seizures despite adequate immunotherapy and in the ab-
sence of clear evidence of active inflammation.' The di-
agnosis of autoimmune-associated epilepsy and the time
definition of the acute phase or relapses of autoimmune
encephalitis were determined by consensus according to
a combination of clinical evidence of active encephalitis
and paraclinical findings."’

2.2. Statistical analysis

Values are presented as median (interquartile range
[IQR]) for continuous variables and as number (percent)
of subjects for categorical variables. Comparisons were
made through Mann-Whitney test or chi-squared test.
Age, gender, and characteristics associated with out-
come in the univariate analysis with p<.05 were entered
into the multiple logistic regression model. A backward
stepwise selection with variable entry set at p=.05, and
removal at p=.10 was adopted to identify factors inde-
pendently associated with the outcome. Any continu-
ous variable included in the multiple logistic regression
model was first converted to a categorical variable based
on the optimal cut point estimated in the cohort through
receiver operating characteristic (ROC) curve and Youden
index. Adjusted regression coefficients of each independ-
ent predictor were transformed to produce a points-based
risk-scoring system; the weighted score of each factor was
obtained by dividing each adjusted regression coefficient
by the smallest one and rounding it to the nearest integer.

Epilepsia

Any negative score was indicative of a negative (protec-
tive) association with the outcome.

Discrimination of the model (i.e., the ability of a model
to differentiate between individuals who developed or did
not develop epilepsy) was measured using the ROC curve.
Calibration (i.e., the agreement between the predicted and
observed risk of epilepsy) was assessed with the calibra-
tion plot. Perfect calibration is implied by a 45° diagonal
line; relevant deviations above or below reflect underpre-
diction or overprediction.

2.3. Standard protocol approvals,
registrations, and patient consent

This study has been approved by the Regional Ethics
Committee of Liguria, Italy (ID 12278). All participants or
their legal representatives provided written informed con-
sent according to the Declaration of Helsinki.

3. RESULTS

There were 79 subjects who presented with NORSE of 263
cases initially identified.” After the exclusion of subjects
who died (n=7) or were lost to follow-up (n=2) within
the first 24 months, 70 participants were included.

The median age at NORSE onset was 24.2 (IQR =8-50)
years, and 27 (38.6%) were males; 30 patients (42.9%) were
of pediatric (<18years old) age (median age=6.3years,
IQR=4-9.1) and 40 (57.1%) of adult age (median
age=42.5years, IQR=29-65). SE with prominent motor
symptoms and nonconvulsive SE were diagnosed in 53
(75.7%) and 17 (24.3%) cases, respectively. The median du-
ration of SE was 19 (IQR=10-37) days.

Antineuronal antibodies were identified in 30 (42.9%)
patients, of whom 27 had antibodies targeting neuronal
cell-surface antigens, and three had antibodies against
intracellular antigens. Details of the antibodies identified
are summarized in Table S1. No antineuronal antibodies
were identified in the remaining 40 (57.1%) cases, which
met the inclusion criteria for probable antibody-negative
autoimmune encephalitis. Brain magnetic resonance
imaging (MRI) during the acute phase revealed abnor-
malities suggestive of autoimmune encephalitis (T2/fluid-
attenuated inversion recovery [FLAIR] hyperintensities)
restricted to one (n=10, 14.3%) or both (n=16, 22.9%)
temporal lobes, in extratemporal areas or multifocally in
gray matter, white matter, or both (n=22, 31.4%). Patients
received immunotherapy after a median delay from onset
of 7(IQR =5-15) days. All patients received first-line treat-
ment (e.g., intravenous methylprednisolone, intravenous
immunoglobulins, plasma exchange), and second-line
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treatment (e.g., rituximab, cyclophosphamide, anak-
inra, tocilizumab) was administered in 17 (24.3%) cases.
Second-line immunotherapies were prescribed in 11 of 27
(40.7%) subjects with autoimmune encephalitis and anti-
bodies against surface antigens, five of 40 (12.5%) subjects
with seronegative autoimmune encephalitis, and one of
three (33.3%) subjects with autoimmune encephalitis and
antibodies against intracellular antigens.

During a median follow-up of 53 (IQR=40-90)
months, 38 of 70 (54.3%) subjects developed autoimmune-
associated epilepsy. The duration of follow-up was 46.5
(IQR=39.5-78.5) and 60 (IQR=40-126) months in peo-
ple with and without epilepsy, respectively (p=.354).
Follow-up EEG identified interictal epileptiform dis-
charges (IEDs) in 38 (54.3%) subjects. Characteristics of
study participants and univariate associations with the

development of autoimmune-associated epilepsy are
shown in Table 1. The proportions of subjects who devel-
oped autoimmune-associated epilepsy according to the
identified antibodies are provided in Table S1. At the last
follow-up visit, all patients who were diagnosed with epi-
lepsy were receiving antiseizure medication (ASM) treat-
ment, as were nine of 32 (28.1%) of the patients who were
not.

SE duration was converted to a categorical variable
based on the estimated optimal cut point of 10days. In
the multivariate regression analysis, independent risk
factors for the development of epilepsy were the follow-
ing: SE duration >10days (odds ratio [OR] =31.14, 95%
confidence interval [CI| =2.12-456.87, p=.012), bitem-
poral MRI abnormalities suggestive of autoimmune
encephalitis during the acute stage (OR=49.80, 95%

TABLE 1 Characteristics of study participants and associations with the development of autoimmune-associated epilepsy.

All participants,

Characteristic n=70
Age, years 24.2 (8-50)
Female, n (%) 43 (61.4)
Status epilepticus semiology, n (%)

With prominent motor symptoms 53(75.7)

Nonconvulsive 17 (24.3)
Duration of status epilepticus, days 19 (10-37)
Serum and/or CSF antineuronal antibodies, n (%)

Antibodies to surface antigens 27 (38.6)

Antibodies to intracellular antigens 3(4.3)

Antibody negative 40 (57.1)
CSF findings, n (%)

Lymphocytic pleocytosis, >5 cells/dL 34 (48.6)

Elevated protein, >50mg/dL 24 (34.3)

Intrathecal synthesis of oligoclonal 18 (25.7)

bands
Brain MRI findings, n (%)*

Temporal unilateral 10 (14.3)

Temporal bilateral 16 (22.9)

Extratemporal or multifocal in gray 22(31.4)

and/or white matter
Time to immunotherapy, days 7 (5-15)
Second-line treatment, n (%) 17 (24.3)
Follow-up

Interictal epileptiform discharges, n 38 (54.3)

(%)

Brain MRI atrophy, n (%) 18 (25.7)

Autoimmune-associated

epilepsy
No, n=32 Yes, n=38 OR (95% CI); p
15.9 (4.5-42.5)  32.5(10-53)  1.01(.99-1.03); p=.194
18 (56.3) 25 (65.8) 1.50 (.57-3.94); p= 415
21 (65.6) 32(84.2) 2.79 (.90-8.71); p=.077
11 (34.4) 6 (15.8) 36 (.11-1.12); p=.077
12 (5.5-22.5) 27(12-48)  1.04 (1.01-1.07); p=.009
19 (59.4) 8 (21.1) .18 (.06-.52); p=.002
2(6.3) 1(2.6) 41 (.04-4.69); p=.470
11 (34.4) 29 (76.3) 6.15 (2.16-17.49); p=.001
16 (50.0) 18 (47.4) .90 (.35-2.31); p=.826
10(31.3) 14 (36.8) 1.28 (47-3.48); p=.624
8 (25.0) 10 (26.3) 1.07 (.36-3.15); p=.900
5(15.6) 5(13.2) 82(.21-3.12); p=.769
1(3.1) 15 (39.5) 20.22 (2.49-164.25); p=.005
9(28.1) 13 (34.2) 1.33 (.48-3.69); p=.585
5.5(3-11) 9 (6-21) 1.03 (.99-1.07); p=.205
11 (34.4) 6(15.8) .36 (.11-1.12); p=.077
7(21.9) 31(81.6) 15.82 (4.90-51.10); p <.001
5(15.6) 13(34.2) 2.81(.87-9.01); p=.083

Note: Data are median (interquartile range) for continuous variables and n (%) for categorical variables.

Abbreviations: CI, confidence interval; CSF, cerebrospinal fluid; MRI, magnetic resonance imaging; OR, odds ratio.

*T2/fluid-attenuated inversion recovery hyperintensity compatible with inflammation.
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CI=2.95-841.77, p=.007), and IEDs during follow-up
(OR=71.32,95% C1=6.48-785.32, p<.001); contrariwise,
the positivity for antibodies directed against surface an-
tigens was independently associated with a lower likeli-
hood of autoimmune-associated epilepsy (OR = .12, 95%
CI =.02-.85, p=.034).

Based on these findings, we created the duration-
antibodies-MRI-EEG (DAME) score, an integer-based
scoring system predictive of autoimmune-associated ep-
ilepsy. The DAME score integrated SE duration >10days,
the presence of antibodies against surface antigens, T2/
FLAIR hyperintensities of both temporal lobes during the
acute stage of autoimmune encephalitis, and IEDs at fol-
low-up EEG (Table 2).

The associations of the different parameters of the
score with the development of autoimmune-associated
epilepsy according to the antibody status are summarized
in Table S2. Duration of SE >10days, bitemporal MRI ab-
normalities, and EEG IEDs were associated with the risk
of autoimmune-associated epilepsy in subjects either with
or without identified antibodies.

The area under the curve (AUC) of the score was .941
(95% CI = .891-.990), and no statistically significant
differences were found in the discrimination ability
of the score across the adult and pediatric populations
(AUC,qu1is = 906, 95% CI = .824-.989 and AUCpdren
=.969, 95% CI = .905-1.000; p for DeLong test=.239).
Calibration plot indicated good fit of predicted and ob-
served data (Figure 1).

TABLE 2 The DAME score.

Variable DAME score, points

Duration of status epilepticus >10days
No 0
Yes +2

Antibodies against surface antigens

No 0

Yes -1
MRI bitemporal abnormalities®

No 0

Yes +2

EEG interictal epileptiform discharges
No 0
Yes 2

Note: To calculate an individual's DAME score, the points associated with
each predictor can be added to obtain the total risk score. The score can
range from a minimum of —1 to a maximum of 6 points.

Abbreviations: DAME, duration-antibodies-MRI-EEG; EEG,
electroencephalography; MRI, magnetic resonance imaging.

*T2/FLAIR hyperintensity compatible with inflammation.

Epilepsia-*

The proportions of subjects who developed
autoimmune-associated epilepsy according to the values of
the DAME score are shown in Figure 2. The optimal cut-
off value of the score was >3 points, yielding a sensitivity
of 86.8% (95% CI1=71.9-95.6), a specificity of 87.5% (95%
CI=71.0-96.5), and an overall accuracy of 87.1% (95%
CI=77.0-94.0) for the risk of developing epilepsy. Among
subjects with a DAME score of <3 and >3 points, five of 33
(15.2%) and 33 of 37 (89.2%; p<.001) developed epilepsy,
respectively. The positive predictive value was 89.2% (95%
CI=76.6-95.4), and the negative predictive value was 84.9%
(95% CI=71.0-92.8).

CITL = 0.000
Slope = 1.000
AUC =0.941

------- Reference
o Groups
Lowess

- O

4 6
Expected

FIGURE 1 Calibration plot for predicting autoimmune-
associated epilepsy. Observed probability of autoimmune-
associated epilepsy is plotted against predicted probability of
autoimmune-associated epilepsy. Diagonal line indicates perfect
calibration. AUC, area under the curve; E:O, Ratio (Events/
Observations); CITL, Calibration in the Large.

.5 100.0%
. 0

62.5%

30.8%

11.1%

-1-0 1 2 3 4 5-6

FIGURE 2 Autoimmune-associated epilepsy according to the
DAME score. Proportions of subjects who developed autoimmune-
associated epilepsy for the different values of the DAME (duration—
antibodies-magnetic resonance imaging-electroencephalography)
score.
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4. DISCUSSION

In this multicenter, retrospective study of subjects with au-
toimmune encephalitis presenting as NORSE, more than
half of the participants developed epilepsy during the fol-
low-up. The data support the common notion that NORSE
is frequently associated with poor long-term outcomes, and
the evidence suggests that refractory SE is an independent
risk factor for unprovoked seizures once the acute phase of
the autoimmune encephalitis has resolved. Over a median
follow-up of more than 50 months and with a minimum ob-
servation of at least 2years from the start of immunother-
apy, the remaining 45% of the study cohort did not develop
epilepsy. These findings highlight the importance of identi-
fying reliable predictors to distinguish patients who will or
will not develop autoimmune-associated epilepsy. In this
regard, the model based on the duration of SE, antibody
status, localization of MRI abnormalities, and presence of
IEDs during follow-up showed good discriminatory value.
The predictive scoring system based on these four factors
yielded good sensitivity and specificity, with an overall ac-
curacy of approximately 87%.

Experimental data strongly support the relationship
between the duration of epileptic activity and epilepto-
genesis. In animal models, SE has been shown to result in
permanent anatomical changes that induce the reorgani-
zation of neural networks.'°'? In humans, data are more
limited and not conclusive. Findings from the current
analysis point to the added contribution of SE itself to the
process of epileptogenesis and add new insights to prior
evidence. In a cohort of 89 nonpediatric patients with SE
and without a prior history of epilepsy, 58.7% of survivors
showed seizures after a median follow-up of 10months."
Epilepsy development was more frequent with longer SE
duration, and the association was significant in symptom-
atic SE due to an acute lesion; most of the patients with
cryptogenic or remote/progressive SE developed epilepsy
regardless of duration of epileptic activity. SE duration
>24h was an independent predictor of drug-resistant ep-
ilepsy after convulsive SE." Duration of SE was longer in
patients with NORSE who later developed pharmacore-
sistant epilepsy (defined as seizures not controlled by two
or more ASMs 6months after discharge) than in those
without, and the association remained significant after
adjustment for age and sex.”” The association between
drug-resistant epilepsy and hippocampal/diffuse cortical
atrophy was no longer meaningful after adjustment for SE
duration, providing indirect evidence that the duration of
seizure activity could be related to brain damage.'> In a
prospective, single-center, cohort study enrolling adults
with definitive or possible SE, patients with nonreversible
peri-ictal MRI abnormalities had a trend of longer duration
of SE compared to those with reversible abnormalities.'®

Conversely, in a prospective observational cohort study of
consecutive adults diagnosed with SE, the rate of seizure
recurrence at 3months after SE onset did not differ be-
tween patients who reached the ¢1 and those who reached
the longer 2 operational dimension of SE; the impact that
the short-term follow-up may have had on these findings
could not be investigated.'” In patients with a first SE ep-
isode included in a prospective registry, the delay in first-
line treatment emerged as an independent risk factor for
the occurrence of remote seizures, whereas SE duration
did not; it is noteworthy that an untimely first-line treat-
ment correlated with SE duration, indicating collinearity
between these factors in the population.'®

The relationship between the presence of antibod-
ies targeting cell surface antigens and a lower risk of
autoimmune-associated epilepsy is consistent with the
current framework of the pathophysiology of autoim-
mune encephalitis. Antibodies against intracellular
epitopes cannot reach the intracellular antigens, and cyto-
toxic T-cell mechanisms are mainly involved. This process
is poorly responsive to treatment and can cause irrevers-
ible neuronal damage and increase the risk of associated
epilepsy.'® Conversely, antibodies directed against cell sur-
face antigens are pathogenic, as they can alter the struc-
ture and function of the antigen; this alteration is typically
treatment responsive, with a low propensity to result in
epileptogenic sequelae.’” Within the growing clinical
spectrum of autoimmune encephalitis, seronegative forms
have become a major subtype.?’ The incidence and prev-
alence of seronegative autoimmune encephalitis might
be similar to those of seropositive forms.”>*' Although
autoantibodies not yet identified might account for some
cases, seronegative autoimmune encephalitis are thought
to be autoimmune disorders with distinct pathomecha-
nisms and clinical features, including a not negligible risk
of chronic epilepsy.'”** In a hospital-based prospective
study involving newly diagnosed patients with autoim-
mune encephalitis, 11.9% of the 67 subjects with 6 months
of follow-up developed epilepsy, and seronegative status
was more common in patients who were diagnosed with
epilepsy.” In a retrospective observational cohort study
including 121 adults with autoimmune encephalitis and a
median follow-up duration of 44 (range =12-57) months,
29.8% had developed drug-resistant epilepsy at the last
visit. Drug-resistant epilepsy was observed in 15.2% of
patients with antibody-positive and 38.7% of patients with
antibody-negative autoimmune encephalitis, and anti-
body negativity was an independent risk factor for drug-
resistant epilepsy on multivariate regression analysis.

The association between the localization of MRI ab-
normalities suggestive of autoimmune limbic encephalitis
and the risk of chronic epilepsy is consistent with the ev-
idence indicating these areas of the brain are particularly
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susceptible to epileptogenic processes.”* An intimate re-
lationship formed by multiple re-entrant circuit loops ex-
ists between the hippocampus and entorhinal cortex.**
These synaptic loops make the temporal lobe vulnerable
to the generation of abnormal electrical activity and un-
derlie the predisposition of temporal lobe structures to ep-
ileptogenesis.**?® Structures including the hippocampus,
amygdala, and piriform and entorhinal cortices represent
low-threshold entry points into the limbic seizure cir-
cuit.””*® Nodes of this network can represent primary sei-
zure sources and distributors of ictal activity from the driver
focus to a broader network.”>° Of note, a prior retrospec-
tive cohort study identified T2/FLAIR hyperintensity in the
limbic system as a risk factor of drug-resistant epilepsy in
patients with autoimmune encephalitis, and, interestingly,
antibody-negative patients were more likely to have bilat-
eral FLAIR lesions, especially in the limbic system.® IEDs
are an electrographic manifestation of excessive hypersyn-
chronization of cortical activity in between seizures and are
considered a marker of potentially epileptogenic tissue.*!
Data provided evidence that interictal discharges represent
traveling waves of pathological activity that are similar to
their ictal counterparts, and that ictal and interictal dis-
charges arise from common epileptogenic brain regions.™
The findings of the current study reinforce the predictive
significance of IEDs as an indicator of seizure propensity
and expand prior literature suggesting IEDs during fol-
low-up as a risk factor for the development of epilepsy in
patients with autoimmune encephalitis.**

This cohort study describes the long-term seizure out-
come in a group of patients with autoimmune enceph-
alitis presenting with NORSE and provides a predictive
scoring tool for this specific clinical scenario. The score
might be of aid to identify those patients who may require
long-term treatment with ASMs as at high risk to develop
autoimmune-associated epilepsy, thus avoiding the po-
tential consequences of seizure recurrence, and those
who may discontinue it after the resolution of the acute
phase as at low risk of chronic epilepsy, thus avoiding an
unnecessary exposure to medications. The score might
also turn out to be useful to individualize the frequency
and duration of follow-up. The main study strengths
include the multicenter design and the long-term fol-
low-up. Furthermore, the predictive score was based on
a few easily available variables. Some limitations need,
however, to be acknowledged. Diagnostic workup and
treatment regimens followed everyday clinical practice
according to the judgment of treating physicians and did
not adhere to standardized protocols. Furthermore, the
retrospective data collection and the real-world setting
may have introduced potential sources of bias. The pro-
portion of subjects without a diagnosis of epilepsy who
were receiving ASMs at the last follow-up visit was quite

Epilepsia-

modest, yet it cannot be excluded that treatment may
have masked the occurrence of seizures, thus underesti-
mating the risk of epilepsy. Although the difference was
not statistically significant, there were fewer patients
developing autoimmune epilepsy among those who did
receive second-line immune treatments compared to
those who did not. The retrospective nature of the study,
however, did not allow establishment of any causality,
did not allow reaching a conclusion as to whether ad-
ministration of second-line immune treatment would
be able to reduce the risk of developing post-NORSE
epilepsy, and did not allow excluding that the lack of
administration of a second-line treatment would con-
tribute to the development of autoimmune-associated
epilepsy. The study could not disentangle whether the
lower risk of developing epilepsy in patients with au-
toimmune encephalitis and antibodies against surface
antigens was due to a more benign underlying patho-
physiology or also influenced by the more common es-
calation to second-line immunotherapies. Furthermore,
the low number of patients treated with any second-line
regimen prevented the opportunity to explore whether
the specific treatments used during the acute phase may
have impacted the seizure recurrence. Similarly, the lack
of details about the maintenance treatment did not allow
exploration of the potential impact of the aggressive-
ness of immunotherapy after the resolution of SE. The
immunotherapy was generally continued after the dis-
charge from the intensive care unit, but the specific reg-
imen, duration, and tapering varied. Treatment options
included oral prednisone, periodic intravenous methyl-
prednisolone, intravenous immunoglobulins, rituximab
redosing, or steroid-sparing agents like mycophenolate
mofetil. Accordingly, the study did not allow reaching
a conclusion as to whether patients treated more ag-
gressively and for a longer time would be less likely to
develop epilepsy compared to patients who received im-
munotherapy for a shorter time frame or only during SE
management. Interestingly, according to the study data,
there was a substantial delay in the time to immunother-
apy with a median increase of 3.5days or 64% in patients
who developed epilepsy compared to those who did not.
Although the study could not identify a statistically sig-
nificant difference, the direction of the findings is consis-
tent with evidence suggesting that the outcome is better
the earlier the immunotherapy is started in patients with
autoimmune encephalitis.*® Despite the rarity of NORSE
as a clinical condition, the number of included patients
was overall low, limiting the power of statistical analy-
sis. Of note, only a very small minority of participants
presented with intracellular antibodies, and most of the
cases of seropositive autoimmune encephalitis were asso-
ciated with antibodies against the N-methyl-D-aspartate
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receptor, further limiting the generalizability of the find-
ings. Although the discrimination ability of the score was
statistically similar in adults and children, larger cohorts
could allow exploration of whether potential differences
may exist and estimation of the optimal threshold and
the yield of sensitivity, specificity, and overall accuracy
by age.

5. CONCLUSIONS

The role and reciprocal interactions of the immune sys-
tem and SE-induced damage in the transition from ic-
togenesis to epileptogenesis in patients with autoimmune
encephalitis are still not completely understood. Through
the analysis of long-term follow-up data of patients with
autoimmune encephalitis presenting with NORSE, the
current study provides new clinical insights on the topic
and suggests predictors of epilepsy. Additional research
is warranted to validate the reliability and predictive ac-
curacy of the proposed scoring system and provide useful
complement by adding further variables. It may also be
relevant to assess whether the variables included in the
DAME score, like the duration of SE, neuroimaging, and
EEG findings, can be applied to all NORSE cases, includ-
ing those that remain cryptogenic. In this regard, a core
outcome set for NORSE could facilitate the synthesis of
results across studies and improve the quality of the evi-
dence. The continuous exploration and advancements in
the characterization of the spectrum of autoimmune en-
cephalitis may improve outcome prediction and offer use-
ful advice to inform clinical practice.
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