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Abstract

Objective The aim of our study was to analyze the characteristics of patients with autoimmune encephalitis (AE) to identify
prognostic factors associated with the development of drug-resistant epilepsy (DRE).

Methods In this retrospective observational cohort study, we enrolled adult patients with AE between January 2016 and
December 2022. The patients were categorized into two groups based on the presence or absence of DRE at the last follow-
up. The predictors of the development of DRE were investigated using logistic regression analysis.

Results Among 121 AE patients, 75.2% (n=91) experienced acute symptomatic seizures, and 29.8% (n=36) developed
DRE at the last follow-up. On multivariate regression analysis, the factors associated with DRE were antibody negativity
(OR 3.628, 95% CI 1.092-12.050, p=0.035), focal seizure (OR 6.431, 95% CI 1.838-22.508, p=0.004), refractory status
epilepticus (OR 8.802, 95% CI 2.445-31.689, p=0.001), interictal epileptiform discharges on EEG (OR 6.773, 95% CI
2.206-20.790, p=0.001), and T2/FLAIR hyperintensity in the limbic system (OR 3.286, 95% CI 1.060-10.183, p =0.039).
Conclusions In this study, the risk of developing DRE was mainly observed among AE patients who were negative for
antibodies or had focal seizures, refractory status epilepticus, interictal epileptiform discharges on EEG, and T2/FLAIR
hyperintensity in the limbic system.
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Introduction

Autoimmune encephalitis (AE) is being increasingly recog-
nized as one of the major causes of acute symptomatic sei-
zures [1]. According to previous studies, approximately 70%
of patients with AE have seizures, and most of them respond
well to immunotherapy [2]. Patients with AE usually achieve
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seizure remission and remain seizure free without taking
any anti-seizure medications (ASMs) after early immuno-
therapy [3]. However, some patients still develop persistent
seizures despite receiving aggressive immunotherapy [4].
The International League Against Epilepsy (ILAE) pro-
posed the term “autoimmune-associated epilepsy”’, which
is usually resistant to both ASMs and immunotherapy, to
refer to this chronic disease [5]. Therefore, most cases of
autoimmune-associated epilepsy are drug-resistant epilepsy
(DRE), which is a major contributor to the disorder burden
among AE survivors.

DRE after AE is a challenge in clinical practice, but
little is known about what specific risk factors may influ-
ence the development of this sequela. Previous studies
have shown that several clinical characteristics contribute
to epilepsy after AE, including status epilepticus, a large
number of ASMs, and delayed immunotherapy [4, 6]. Nev-
ertheless, the findings of these studies are controversial
due to a lack of a unified definition of AE and different
follow-up periods. In this context, we aimed to analyze
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the clinical and paraclinical findings of adult AE patients
and identify potential prognostic factors that may predict
the development of DRE.

Materials and methods
Patients

This retrospective observational study enrolled adult AE
patients (aged > 18 years) from the Department of Neurol-
ogy, the First Affiliated Hospital, Sun Yat-sen University,
between January 2016 and December 2022. The diagnosis
of AE was made according to the consensus criteria estab-
lished by Graus in 2016 [7]. The exclusion criteria were as
follows: (1) patients with a previous diagnosis of epilepsy;
(2) patients with other identified etiologies that may cause
seizures, including structural, genetic, infectious, or meta-
bolic factors; (3) patients who died or were lost to follow
up and those with incomplete clinical data.

The study data of each eligible patient were collected
from the medical records database, including demographic
and clinical characteristics such as the type of seizure; the
presence of status epilepticus, including refractory status
epilepticus; disease severity, including intensive care unit
(ICU) admission and mRS (modified Rankin Scale) score
at acute stage; diagnostic test results, including cerebrospi-
nal fluid (CSF), electroencephalography (EEG) features,
and brain magnetic resonance imaging (MRI) findings;
and treatment strategies, including ASMs and immuno-
therapy. Seizure outcomes, brain MRI data, and mRS score
at last follow-up were collected via telephone interviews
or outpatient electronic data with a minimum follow-up of
12 months after the onset of AE.

Informed consent was obtained from all individual par-
ticipants included in the study. This study was approved
by the Medical Ethics Committee of the First Affiliated
Hospital, Sun Yat-sen University.

Definition of variables

DRE was defined as the failure of adequate trials of two
tolerated, appropriately chosen, and used ASM schedules
to achieve sustained seizure freedom [8]. First-line immu-
notherapy included steroids, intravenous immunoglobu-
lin, and plasma exchange/immunoadsorption alone or in
combination. Second-line immunotherapy included the use
of rituximab, mycophenolate mofetil, cyclophosphamide,
and azathioprine. Delayed immunotherapy was defined as
immunotherapy that started 28 days after disease onset [9].

Antibody evaluation

All paired serum and CSF samples were screened for anti-
bodies. Cell-based assays (CBAs) were used for detecting
Abs targeting neuronal surface antigens, such as N-methyl-
D-aspartate receptor (NMDAR), a-amino-3-hydroxy-5-
methyl-4-iso-xazolepropionic acid receptor (AMPAR),
leucine-rich glioma-inactivated 1 (LGI-1), contactin-
associated protein-2 (CASPR2), gamma-aminobutyric acid
B receptor (GABABR), metabotropic glutamate receptor
5 (mGLURY), etc. Immunoblots and tissue-based assays
(TBAs) were used for screening Abs targeting intracel-
lular neuronal antigens, including Hu, Yo, Ri, collapsin
response mediator protein 5 (CV2/CRMPS), Ma2/Ta,
glutamic acid decarboxylase 65 (GAD65), amphiphysin,
etc. Additionally, CBAs or TBAs were used for detect-
ing rare Abs targeting gamma-aminobutyric acid type A
receptor (GABAAR) and glycine receptor (GlyR) in a few
laboratories.

Investigation panel for the other causes

CSF sample were tested using culture for bacteria, Ab
assays for major viruses, and next-generation sequencing
(NGS) for various pathogens. CNS neoplasm, demyeli-
nating diseases associated with anti-aquaporin-4 (AQP4)
antibody or myelin oligodendrocyte glycoprotein (MOG)
antibody, toxic/metabolic aetiologies, systemic or primary
CNS vasculitis, and prion disease were carefully excluded
based on the clinical and laboratory profiles.

Statistical analysis

Statistical analyses were performed with SPSS, version 26.
Continuous variables were defined as the median (range),
and categorical variables were described as counts and
percentages. The statistical significance of intergroup dif-
ferences was assessed with the Mann—Whitney U test for
quantitative variables and the Chi-squared test for cat-
egorical variables. Multiple logistic regression analysis
was performed to investigate the independent predictors of
DRE if multiple variables were found to be associated with
DRE in the univariate analyses (p < 0.05). A p value <0.05
was considered to indicate statistical significance.
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Results

Demographic and clinical characteristics of patients
with Ab-positive AEs and Ab-negative AEs

We identified 238 patients who met the diagnostic crite-
ria for AE. A total of 117 patients were excluded based
on the exclusion criteria. More detailed information on
the excluded patients is shown in Fig. 1. A total of 121
patients were ultimately enrolled, 40.5% (n=49) of whom
were female. The median age of the participants was 33
(24.0-44.5) years. The median follow-up duration for the
entire cohort was 44.7 months (range 12-57).
Antibodies, including anti-NMDAR (n =35), anti-
LGIl (n=6), anti-GAD65 (n=1), anti-GlyR (n=1),
anti-AMPAR?2 (n=1), anti-mGLURS5 (n=1), and anti-
amphiphysin (n=1), were detected in 46 (38%) patients.
There were 75 individuals who met the consensus crite-
ria for Ab-negative AE. Table 1 shows the comparison
of clinical features between Ab-positive and Ab-negative
patients. Ab-positive AEs were more common in females
(p=0.04), younger age of onset (p =0.033), and clinical
presentations, such as involuntary movement (p <0.001),

autonomic dysfunction (p <0.001), and comorbid tumors
(p <0.001), were significantly more common among
those with Ab-positive AEs. Ab-negative patients were
more likely to have bilateral FLAIR lesions (p =0.014),
especially in the limbic system (p =0.003) (Fig. 2). More
patients received second-line immunotherapy in the Ab-
positive group (p <0.001). No significant differences were
detected in the seizure semiology between Ab-positive and
Ab-negative patients.

In our cohort, 75.2% (n=91) of patients experienced
acute symptomatic seizures. Focal to bilateral tonic—clonic
seizures or bilateral tonic—clonic seizures were the most
common seizure types. Among patients with seizures, sta-
tus epilepticus was observed in 41 individuals, and refrac-
tory status epilepticus was observed in 28 individuals, which
was the main reason for requiring ICU admission (n=42).
At the last follow-up, DRE was found in 29.8% (n=36) of
patients. Among 35 patients with anti-NMDAR encephalitis,
82.9% (n=29) experienced acute symptomatic seizures and
the incidence of DRE was 11.4% (n=4), which was lower
than that in Ab-negative AEs (11.4% vs 38.7%, p=0.004).
There are no significant differences in mRS score at follow-
up between Ab-positive and Ab-negative patients. Follow-up

Fig.1 Study flowchart
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Table 1 Demographic and clinical characteristics of antibody-positive AE and antibody-negative AE

Total AE (n=121) Ab-positive AE (n=46) Ab-negative AE (n="75) p values
Age at onset, years (median, IQR) 33 (24.0-44.5) 30 (22.0-38.0) 34 (25.0-51.0) 0.033
Female (%) 49 (40.5) 24 (52.2) 25 (33.3) 0.040
Prodromal infections (%) 47 (38.8) 14 (30.4) 33 (44.0) 0.137
Present with tumors (%) 15 (12.4) 13 (28.3) 227 <0.001
Clinical symptoms
Disturbance of consciousness (%) 80 (66.1) 28 (60.9) 52 (69.3) 0.340
Cognitive deficit (%) 86 (71.1) 32 (69.6) 54 (72.0) 0.774
Mental behavioral disorders (%) 82 (67.8) 34 (73.9) 48 (64.0) 0.257
Speech disturbance (%) 21 (17.4) 8(17.4) 13 (17.3) 0.993
Involuntary movement (%) 22 (18.2) 16 (34.8) 6 (8.0) <0.001
Autonomic dysfunction (%) 15 (12.4) 14 (30.4) 1(1.3) <0.001
Seizure (%) 91 (75.2) 36 (78.3) 55 (73.3) 0.542
Focal seizure (%) 35 (28.9) 15 (32.6) 20 (26.7) 0.484
Focal to bilateral tonic—clonic seizures or 85 (70.2) 34 (73.9) 51 (68.0) 0.490
bilateral tonic—clonic seizures (%)
Status epilepticus (%) 41 (33.9) 12 (26.1) 29 (38.7) 0.156
Refractory status epilepticus (%) 28 (23.1) 8(17.4) 20 (26.7) 0.240
ICU admission (%) 42 (34.7) 15 (32.6) 27 (36.0) 0.704
DRE 36 (29.8) 7(15.2) 29 (38.7) 0.006
mRS at acute stage >3 (%) 104 (86.0) 37 (80.4) 67 (89.3) 0.172
mRS at follow-up >3 (%) 12 (9.9) 3(6.5) 9 (12.0) 0.328
CSF profile
Elevated WBC (%) 68 (56.2) 29 (63.0) 39 (52.0) 0.235
Elevated protein (%) 63 (52.1) 20 (43.5) 43 (57.3) 0.139
Abnormal EEG (%) 103 (85.1) 39 (84.8) 64 (85.3) 0.934
Diffuse slowing background (%) 51 (42.1) 20 (43.5) 31 (41.3) 0.817
Focal slowing waves (%) 65 (53.7) 21 (45.7) 44 (58.7) 0.163
Interictal epileptiform discharges (%) 47 (38.8) 16 (34.8) 31 (41.3) 0.473
MRI T2/FLAIR abnormalities (%) 74 (61.2) 26 (56.5) 48 (64.0) 0.413
Bilateral (%) 54 (44.6) 14 (30.4) 40 (53.3) 0.014
Cortical (%) 47 (38.8) 14 (30.4) 33 (44.0) 0.137
Limbic system (%) 47 (38.8) 10 (21.7) 37 (49.3) 0.003
Enhancement (%) 30 (24.8) 15 (32.6) 15 (20.0) 0.119
Treatments
ASMs number >3 (%) 51 (42.1) 21 (45.7) 30 (40.0) 0.541
First-line immunotherapy (%) 108 (89.3) 44 (95.7) 64 (85.3) 0.075
Second-line immunotherapy (%) 19 (15.7) 15 (32.6) 4(5.3) <0.001
Delay immunotherapy (%) 17 (14.0) 4(8.7) 13 (17.3) 0.184

DRE drug-resistant epilepsy, CSF cerebrospinal fluid, WBC white blood cell, ICU intensive care unit, mRS modified Rankin Scale, EEG electro-
encephalography, ASMs anti-seizure medications

brain MRI were obtained for 41 patients, and hippocampal  focal to bilateral tonic—clonic seizures or bilateral tonic—clonic

sclerosis was found in 17 individuals (41.5%). seizures (p =0.001), status epilepticus (p <0.001), refractory

status epilepticus (p <0.001), and ICU admission (p <0.001)
Predictors of DRE after AE according to univariate (see Table 2). 85.1% (n=103) of patients presented with
analysis abnormal EEG findings, including focal slowing waves

(53.7%), diffuse slowing background (42.1%) and interictal
There were significantly greater incidences of DRE in patients ~ epileptiform discharges (38.8%). Among them, only the pres-
with antibody negativity (p=0.006), focal seizures (p=0.001), ence of interictal epileptiform discharges was significantly
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Fig.2 Brain MRI T2/FLAIR of patients with Ab-negative AE (A—
C) and anti-LGI1 encephalitis (D-F). The T2/FLAIR sequence of a
31-year-old female with Ab-negative AE show bilateral hyperinten-
sity in hippocampus and insular lobes (A—C, white arrows). The T2/

related to the development of DRE (p <0.001). Brain MRI
abnormalities on T2/FLAIR imaging were present in 61.2%
of patients. We found that bilateral T2/FLAIR hyperintensity
(p=0.002), cerebral cortical involvement (p =0.041), and lim-
bic system involvement (p < 0.001) were related to the devel-
opment of DRE. Eighty-nine patients were treated with ASMs,
and the median number of ASMs used was 3 (ranging from 2
to 6). A significant association between an ASM number >3
and the development of DRE was found (p <0.001). However,
we did not find differences in immunotherapy strategies or
immunotherapy initiation times between DRE patients and
non-DRE patients.

Predictors of DRE after AE according to multivariate
regression analysis

Multivariate analysis revealed five independent fac-
tors that were significantly related to DRE after AE:

@ Springer

FLAIR sequence shows hyperintensity in the left hippocampus of a
72-year-old man patient with anti-LGI1 encephalitis (D-F, white
arrow)

antibody negativity (OR 3.628, 95% CI 1.092-12.050,
p=0.035), focal seizure (OR 6.431, 95% CI 1.838-22.508,
p=0.004), refractory status epilepticus (OR 8.802, 95% CI
2.445-31.689, p=0.001), interictal epileptiform discharges
on EEG (OR 6.773, 95% CI 2.206-20.790, p=0.001), and
T2/FLAIR hyperintensity in the limbic system (OR 3.286,
95% CI 1.060-10.183, p=0.039). Table 3 shows the multi-
variable logistic regression results for the predictors of DRE
in patients with AE.

Discussion

In this retrospective study, we provide detailed information
on DRE after AE in our center. The overall prevalence of
DRE was 29.8%, which is significantly greater than that
reported in prior studies [10—12]. These inconsistent results
may be due to differences in ethnicity, sample sizes, antibody
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Table 2 Demographic and
clinical characteristics of DRE
and non-DRE groups after AE

Table 3 Results of the multivariate logistic regression analysis

Total (n=121) DRE (n=36) Non-DRE (n=85) p values

Age at onset, years (median, IQR) 33 (24.0-44.5) 31.0 (23.0-37.0) 34 (24.5-49.5) 0.289
Female (%) 49 (40.5) 14 (38.9) 35(41.2) 0.815
Prodromal infections (%) 47 (38.8) 15 (41.7) 32 (37.6) 0.678
Present with tumors (%) 15(12.4) 3(8.3) 12 (14.1) 0.377
Antibody negativity 75 (62.0) 29 (80.6) 46 (54.1) 0.006
Clinical symptoms
Disturbance of consciousness (%) 80 (66.1) 28 (77.8) 52 (61.2) 0.078
Cognitive deficit (%) 86 (71.1) 22 (61.1) 64 (75.3) 0.116
Mental behavioral disorders (%) 82 (67.8) 20 (55.6) 62 (72.9) 0.061
Speech disturbance (%) 21 (17.4) 4(11.1) 17 (20.0) 0.238
Involuntary movement (%) 22 (18.2) 7(19.4) 15 (17.6) 0.815
Autonomic dysfunction (%) 15(12.4) 3(8.3) 12 (14.1) 0.377
Seizures (%) 91 (75.2) 35(97.2) 56 (65.9) <0.001
Focal seizure (%) 35(28.9) 18 (50.0) 17 (20.0) 0.001
Focal to bilateral tonic—clonic 85 (70.2) 33 (91.7) 52 (61.2) 0.001

seizures or bilateral tonic—clonic
seizures (%)

Status epilepticus (%) 41 (33.9) 25 (69.4) 16 (18.8) <0.001
Refractory status epilepticus (%) 28 (23.1) 19 (52.8) 9 (10.6) <0.001
ICU admission (%) 42 (34.7) 23 (63.9) 19 (22.4) <0.001
mRS at acute stage >3 (%) 104 (86.0) 33 (91.7) 71 (83.5) 0.239
mRS at follow-up >3 (%) 12 (9.9) 5(13.9) 7(8.2) 0.342
CSF profile
Elevated WBC (%) 68 (56.2) 18 (50.0) 50 (58.8) 0.371
Elevated protein (%) 63 (52.1) 18 (50.0) 45 (52.9) 0.767
Abnormal EEG (%) 103 (85.1) 33 (91.7) 70 (82.4) 0.188
Diffuse slowing background (%) 51 (42.1) 19 (52.8) 32 (37.6) 0.123
Focal slowing waves (%) 65 (53.7) 21 (58.3) 44 (51.8) 0.508
Interictal epileptiform discharges (%) 47 (38.8) 26 (72.2) 21 (24.7) <0.001
MRI T2/FLAIR abnormalities (%) 74 (61.2) 27 (75.0) 47 (55.3) 0.042
Bilateral (%) 54 (44.6) 24 (66.7) 30 (35.3) 0.002
Cortical (%) 47 (38.8) 19 (52.8) 28 (32.9) 0.041
Limbic system (%) 47 (38.8) 24 (66.7) 23 (27.1) <0.001
Enhancement (%) 30 (24.8) 7(19.4) 23 (27.1) 0.375
Treatments
ASMs >3 (%) 51 (42.1) 26 (72.2) 25(29.4) <0.001
First-line immunotherapy (%) 108 (89.3) 35(97.2) 73 (85.9) 0.066
Second-line immunotherapy (%) 19 (15.7) 6 (16.7) 13 (15.3) 0.850
Delay immunotherapy (%) 17 (14.0) 3(8.3) 14 (16.5) 0.239

CSF cerebrospinal fluid, WBC white blood cell, ICU intensive care unit, mRS modified Rankin Scale, EEG
electroencephalography, ASMs anti-seizure medications

types, and follow-up periods. The independent factors that
predicted the development of DRE after the acute phase of

Variable

OR  95%CI p values AE included antibody negativity, focal seizures, refractory

Antibody negativity

Focal seizure

Refractory status epilepticus
Interictal epileptiform discharges
Limbic system hyperintensities

status epilepticus, interictal epileptiform discharges on EEG,
and T2/FLAIR hyperintensity in the limbic system.

In our center, the incidence of drug-resistant epilepsy
in patients with anti-NMDAR encephalitis was signifi-
cantly lower than that in Ab-negative AE. This is in line
with the previous studies that patients with anti-NMDAR

3.628 1.092-12.050 0.035
6.431 1.838-22.508 0.004
8.802 2.445-31.689 0.001
6.773  2.206-20.790 0.001
3.286 1.060-10.183 0.039
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encephalitis have a low rate of chronic seizures and long-
term ASMs treatment may be unnecessary [13, 14]. Fur-
thermore, improved seizure outcome was time-dependent in
patients with anti-NMDAR encephalitis, as a longer follow-
up period was associated with lower risk of seizure relapse
[13]. Long-term follow-up data are needed in the future to
clarify the changes in seizure rates of different subtypes of
AE over the follow-up period, so as to help develop indi-
vidualized treatment regimens. Furthermore, accumulating
evidence has shown that patients with neural surface anti-
bodies have a greater rate of seizure remission than do those
with intracellular antibodies [13, 15, 16]. However, we did
not demonstrate this issue because of the small sample size.
Consistent with these prior findings, our result show that
antibody negativity is a greater risk factor for developing
enduring seizures. This result may be due to the existence
of other unexplored pathophysiological mechanisms that
lead to poor response to immunotherapy in patients with
Ab-negative AE, such as unknown pathogenic antibodies or
T-cell-mediated neuronal cytotoxicity [4, 17-19]. Of noted,
the proportion of receiving the second-line immunotherapy
in Ab-negative AEs was lower than that in Ab-positive AEs,
although the baseline severity was similar between these
two groups. The high incidence of DRE in Ab-negative AEs
may, therefore, be partly explained by inadequate immuno-
therapy. Future studies on larger samples are warranted to
further investigate this issue.

It is commonly considered that acute symptomatic sei-
zures secondary to AE are often multifocal or generalized
due to neuroinflammation. We found that focal seizures can
predict the development of DRE. A previous meta-analysis
showed that the prevalence of DRE was greater in patients
with focal epilepsy [20]. One possible mechanism is that
recurrent focal seizures may cause progressive connectivity
reorganization and thus increase the propensity for seizure
generation [21]. Status epilepticus is an important independ-
ent risk factor for developing DRE [10, 11, 22]. Our study
revealed that refractory status epilepticus was a predictor of
DRE. Recently, a series of new-onset refractory status epi-
lepticus (NORSE) studies showed that patients with NORSE
were more likely to develop DRE than all causes of status
epilepticus [23-25]. According to previous clinical research
and experimental animal model studies, prolonged seizure
activity causes cytotoxic edema and activation of microglia
and astrocytes followed by neuronal death and network reor-
ganization, ultimately leading to a lower epilepsy threshold
and refractory seizures [26-29]. From this perspective, early
individualized refractory status epilepticus management
should be applied to limit the extent of the damage and thus
prevent irreversible sequelae.

EEG is a useful tool for predicting the development of
DRE after an AE. Our study revealed an association between
interictal epileptiform discharges and the development of

@ Springer

DRE. Previous studies have reported that focal or gener-
alized epileptiform discharges are independent risk factors
for developing chronic epilepsy [3, 30-32]. The researchers
found that a high seizure burden does not indicate frequent
episodes of interictal epileptiform discharges, while the
presence of interictal epileptiform discharges was associ-
ated with the persistence of seizures after an AE over the
follow-up period [33]. The exact mechanism has not been
elucidated. Seizures and neuroplasticity are closely related,
as they can positively affect each other [34]. We hypoth-
esized that interictal epileptiform discharges may reflect
frequent epileptic activity resulting from underlying autoim-
mune pathology, while repeated seizures that alter neuronal
networks may in turn increase the possibility of interictal
epileptiform discharges.

Hyperintensity in the limbic system is a risk factor for
developing DRE. Notably, we found that more than half
of the DRE patients had hippocampal sclerosis during the
follow-up period. The reorganization of the neuronal net-
work in the hippocampus may contribute to vulnerability to
enduring seizures in the chronic stage. It has been reported
that the hippocampus is highly susceptible to damage, and
the progressive cellular and molecular changes caused by
acute inflammation could lead to neuroplastic changes in
this epileptogenic brain region [34]. Thus, hyperintensity in
the limbic system might become an imaging biomarker as
a target for neuroprotective treatments to prevent irrevers-
ible sequelae [32, 35, 36]. Long-term follow-up MRI may
reveal the pathophysiology of DRE after an AE. However,
potential selection bias should be considered, as patients
with DRE might have a greater chance of undergoing repeti-
tive MRI evaluations. Similar results have been reported by
Steriade et al. who reported that the presence of mesial tem-
poral hyperintensity is an independent predictor of ongoing
seizures after AE [37]; however, they did not find a correla-
tion between hippocampal atrophy and chronic epilepsy in a
longitudinal MRI analysis. Additional factors beyond struc-
tural changes, such as ongoing neuroinflammation, may also
account for the development of enduring seizures [32, 38].
Future studies with larger samples are needed to uncover
the pathological mechanisms involved and guide treatment.

In clinical practice, the combination of ASMs and immu-
notherapy is an optimal strategy for achieving seizure-free
outcomes. Several studies have reported that a greater num-
ber of ASMs are an independent risk factor for epilepsy after
AE [4, 31]. Most patients in our cohort required a large num-
ber of ASMs due to the high proportion of status epilepticus.
However, we did not observe differences in the number of
ASMs between the DRE and non-DRE groups. The tim-
ing of immunotherapy initiation is crucial, as unfavorable
seizure outcomes may be attributed to delayed treatment
[39]. Most of our patients received timely immunotherapy,
and we did not find significant differences between delayed
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immunotherapy and DRE. At present, there is no standard-
ized management guideline for immunotherapy strategy of
Ab-negative AE. In our cohort, the timing and regimen of
second-line immunotherapy were based on disease severity,
drug responsiveness and acceptance of the treatment by the
patients and their families. Previous studies have showed
that aggressive immunotherapy with the second-line immu-
notherapy may have the potential to achieve better seizure
outcomes [40] However, the immunotherapy regimen did
not appear to be associated with epilepsy outcomes in this
cohort. We speculate that this result may be related to fewer
patients receiving the second-line immunotherapy, espe-
cially those with Ab-negative AEs. The effect of long-term
immunotherapy in patients with DRE remains unclear. Clini-
cal trials are needed to determine the benefits and optimal
regimens of long-term immunotherapy in these patients.

Limitations

Our study has limitations. First, the retrospective and tertiary
nature of the study implies the risk of inaccurate records and
selection bias. Second, nonmotor seizures may have been
overlooked based on telephone follow-up. Third, the sample
size of this study was small, and the conclusions need to be
verified in future cohort studies with larger samples. Fourth,
retrospective analysis may not be able to finely distinguish
seizure types, and focal seizures may be underestimated.

Conclusions

DRE after AE is a challenge in clinical practice. The inde-
pendent factors that predicted the development of DRE after
the acute phase of AE included antibody negativity, focal
seizures, refractory status epilepticus, interictal epilepti-
form discharges on EEG, and T2/FLAIR hyperintensity in
the limbic system. For AE patients with an increased risk
of developing DRE, long-term ASMs treatment should be
recommended.
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