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1  |  INTRODUC TION

In recent years, autoimmune encephalitis (AE) has attracted attention 
as a new and rarely described group of neurological inflammatory 
diseases associated with specific autoantibodies1 and multiple co- 
infections.2 Common clinical manifestations include seizures, move-
ment disorders, abnormal behavior, speech dysfunction, and autonomic 
dysfunction.3 With the development of biochemical assays, AE can be 
divided into many types,4 and anti- N- methyl- D- aspartate receptor 

(NMDAR), anti- γ- aminobutyric acid B receptor (GABABR), and anti- 
leucine- rich glioma- inactivated protein 1 (LGI1) are the most common.4 
The acute phase of AE is defined as the first 3 months after the onset 
of symptoms. In this phase, seizure is frequently observed and may be 
the initial symptom.4 In the more serious cases, patients may experi-
ence status epilepticus (SE).5 After the acute phase, some patients may 
achieve seizure- free status with or without antiepileptic treatment, 
whereas others may progress to refractory epilepsy despite long- term 
antiepileptic treatment. Given that the characteristics and seizure 
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Abstract
Aims: Seizure outcome of autoimmune encephalitis (AE) varies from seizure- free to 
refractory epilepsy, and the associated factors remain unclear. We aimed to describe 
seizure characteristics, identify seizure outcome- related factors, and discuss the med-
ication strategy of antiepileptic drugs (AEDs) at the first onset of AE.
Methods: We retrospectively studied the data of 86 patients with clinically diag-
nosed AE. The clinical characteristics were described using a chi- square test. Seizure 
outcome- related factors were assessed using multivariable logistic regression analysis.
Results: 56 patients were finally enrolled, with antibodies to N- methyl- D- aspartate 
receptor found in 29, to γ- aminobutyric acid receptor B found in 13, and to leucine- 
rich glioma- inactivated protein 1 found in 14. Status epilepticus occurrence and onset 
with seizure lead to a poor seizure outcome, while administration of human gamma 
globulin and a low antibody titer contributed to a good seizure outcome.
Conclusions: In the acute phase, seizure characteristics may be considered in the utili-
zation of AEDs. For patients with seizure- free status in the acute phase, clinical mani-
festation (onset with seizure or not, whether status epilepticus occurs or not), therapy 
regimen (human gamma globulin administered or not), and antibody titer may be con-
sidered when formulating the strategy for withdrawal of AEDs post- acute phase.
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outcomes vary by type of AE and patient,6 individualized treatment 
is necessary. Some studies speculate that most patients with AE do 
not require long- term use of antiepileptic drugs (AEDs),7- 9 particularly 
for patients who have achieved seizure- free status in the acute phase. 
Currently, in the absence of clear guidelines, the treatment duration 
and selection of AEDs have been controversial. In this study, we aimed 
to describe seizure characteristics, identify factors affecting outcomes 
related to seizures and discuss the therapeutic strategy of AEDs at the 
first onset of AE.

2  |  METHODS

2.1  |  Subjects

The Ethics Committee of the Shengjing Hospital of China Medical 
University granted ethical approval for this retrospective study 
(2020PS519K) and waived the requirement for written informed con-
sent. The study was performed in accordance with the Declaration 
of Helsinki. We retrospectively reviewed the records of patients 
with AE who were treated at our hospital between January 2013 
and January 2019. The patients included in this study met the diag-
nostic criteria for AE published in 2016.10 The exclusion criteria were 
as follows: (1) no seizure on record; (2) a history of AE or epilepsy; 
(3) a history of other diseases that can cause seizure, such as stroke, 
cerebrovascular malformation, and brain trauma; (4) types of AE that 
were not anti- NMDAR, anti- GABABR, or anti- LGI1 encephalitis; (5) 
tumor; (6) incomplete clinical data; or (7) lost to follow- up.

2.2  |  Clinical data collection

The following basic clinical data were collected: sex, age at onset, 
clinical symptoms, imaging findings, laboratory tests, cerebrospinal 
fluid (CSF) examination, tests for autoantibodies in the CSF, treat-
ment regimen, and prognosis. Medical information was collected 
from electronic databases or by telephone interview with patients 
and relatives.

2.3  |  Definitions

Onset symptoms were divided into “with seizure” and “without sei-
zure” according to whether the patients began having seizures or 
not. Laboratory tests and CSF examination were divided into ab-
normal and normal based on reference intervals. Imaging findings 
were divided into abnormal and normal based on the results. Clinical 
symptoms were coded as “with” or “without” according to the pres-
ence or absence of symptoms. With regard to treatment regimen, 
the administration of human gamma globulin or immunosuppressive 
agents were coded as “with” or “without” according to use or non- 
use. AED regimens were divided into early withdrawal (EW) and late 
withdrawal based on whether withdrawal occurred within 3 months 

of onset. Scores on the Modified Rankin Scale were measured at dis-
charge. Antibody scoring was defined according to the titer. The titer 
in CSF≤1:10 was scored as (+); >1:10 and ≤1:100, (++); and >1:100, 
(+ + +).

2.4  |  Outcome assessment

An outcome was assessed based on whether the patient achieved 
seizure- free status after EW or not. Achievement of seizure- free 
status after EW was defined as AEDs withdrawn within 3 months 
and absence of seizure attack for at least 1 year after the last use of 
AEDs. Other outcomes, such as seizure attack after EW, seizure- free 
with utilization of AEDs for more than 3 months, and seizure attack 
with utilization of AEDs for more than 3 months, were defined as 
failure to achieve seizure- free status after EW.

2.5  |  Statistical analysis

Continuous variables were defined as means ± standard deviations; 
categorical variables were described as counts and percentages. A 
chi- square test was performed to describe the seizure characteris-
tics observed in AE. A multivariate logistic regression analysis was 
used to assess the independent predictors of seizure outcome, and 
the results are provided as odds ratios with 95% confidence intervals. 
Statistical analyses were performed using SPSS Statistics 23.0 soft-
ware (IBM Corp.). p < 0.05 was considered statistically significant.

3  |  RESULTS

3.1  |  Baseline characteristics of different types of 
AE

A total of 86 patients with confirmed AE were identified in our hos-
pital records between January 2013 and January 2019. According 
to the exclusion criteria, 30 patients were excluded. In total, 56 pa-
tients were finally included (Figure 1). Twenty- nine patients had anti- 
NMDAR encephalitis (16 female and 13 male), 13 had anti- GABABR 
encephalitis (4 female and 9 male), and 14 had anti- LGI1 encephalitis 
(7 female and 7 male). The demographic features of these patients 
are summarized in Table 1. Antibody titer and blood sodium level 
differed significantly among 3 groups .

3.2  |  Seizure characteristics of different 
types of AE

Seizure characteristics are presented in Table 2. Compared with 
the other two groups, the patients in the LGI1 group were more 
prone to onset with seizure (71.4%, n = 14), and the patients in the 
GABABR group were more prone to SE occurrence (46.2%, n = 13). 
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Faciobrachial dystonic seizures (FBDS) were only observed in the 
LGI1 group (p < 0.0001). The seizure type in the GABABR group 
was generalized. Focal seizures were more common in the NMDAR 
group (48.3%, n = 29). Abnormal electroencephalogram (EEG) results 
(57.1%, n = 14) and brain magnetic resonance imaging (MRI) results 
(71.4%, n = 14) were both more common in the LGI1group than in the 
other groups. The patients in the GABABR group had a relatively low 
frequency of achieving seizure- free status with EW (30.8%, n = 13) 
compared with the other groups.

3.3  |  Seizure outcome- related factors in AE

A univariate analysis was performed for preliminary identification 
of factors related to seizure outcome. Onset symptom, SE, human 
gamma globulin administration, and antibody titer were identified at 
a significance level of p < 0.2 (Table 3). According to previous stud-
ies, age at onset,4 use of immunosuppressive agents,9 EEG results,11 
brain MRI results,11 and type of AE11 are related to seizure outcome. 
Accordingly, these variables were retained for the multivariable lo-
gistic regression analysis, despite p values >0.2. As shown in Table 4, 
at a significance level of p ≤ 0.05, onset with seizure, SE, human 
gamma globulin use, and antibody titer were related to seizure out-
come in AE. The odds of patients with onset with non- seizure symp-
toms achieving seizure- free status after EW were 1:0.099, 10.10 
times greater than those of patients with onset with seizure. The 
odds of patients without SE achieving seizure- free status after EW 
were 1:0.091, 10.99 times greater than those of patients with SE. 
The odds of patients treated with human gamma globulin achieving 
seizure- free status after EW were 5.852 times greater than those of 
patients not treated with these. Antibody titer was also associated 
with seizure outcome. The lower the concentration, the more likely 

it was for patients to achieve seizure- free status after EW. The odds 
of patients with an antibody titer of (+) achieving seizure- free sta-
tus after EW were 1:0.139, 7.19 times greater than those of patients 
with a (++) titer and 1:0.033, or 30.30 times greater than those of 
patients with a (+++) titer.

4  |  DISCUSSION

In this retrospective study, by collecting seizure- related details of 
patients, we were able to describe the seizure- related character-
istics of the three main types of AE. We observed similarities and 
differences among three types of AE. Moreover, by multivariable 
logistic regression analysis, we identified several factors associated 
with seizure outcome: SE occurrence and onset with seizure may 
lead to a poor seizure outcome, while human gamma globulin admin-
istration and a lower antibody titer may contribute to a good seizure 
outcome. Combined with our other results, these findings suggest 
that seizure characteristics may be considered in seizure manage-
ment, and outcome- related factors may be considered when formu-
lating an AED withdrawal strategy.

Given the small sample size, we used a descriptive, not statisti-
cal, analysis combined with a literature search to identify the pos-
sible characteristics of seizures related to the three main types of 
AE. We mainly focused on the onset symptoms, seizure type, EEG 
characteristics and MRI results. The onset symptoms are shown 
in Table 2. The proportions of patients with onset with seizure in 
the three groups were 41.4% (NMDAR, n = 29), 53.8% (GABABR, 
n = 13), and 71.4% (LGI1, n = 14). According to the literature, anti- 
NMDAR encephalitis usually begins with psychiatric symptoms 
and not seizure,12 while anti- GABABR13 and anti- LGI1 encepha-
litis14 usually begin with seizure. These trends can be observed in 

F I G U R E  1  Flow diagram of patient 
inclusion and grouping. AE, autoimmune 
encephalitis; GABABR, γ- aminobutyric 
acid B receptor; LGI1, leucine- rich glioma- 
inactivated protein 1; NMDAR, N- methyl- 
D- aspartate receptor
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our results, despite the tendencies being slight in the NMDAR and 
GABABR groups. Regarding seizure type, our results show that 
in the group with anti- NMDAR encephalitis, generalized seizures 
were the most common (51.7%, n = 29). Our findings are consis-
tent with literature reports that generalized seizure,15 especially 
of the tonic- clonic type, is commonly encountered.16 In the group 
with anti- GABABR encephalitis, SE was more frequently observed 
(46.2%, n = 13) than in the other two groups. According to the 
literature, about 81% of these patients develop SE,17 which even 
caused mortality in some cases.18 In the group with anti- LGI1 en-
cephalitis, FBDS (42.9%, n = 14) was the most commonly observed 
seizure type and was only observed in this group. Consistently, 
the literature points out that FBDS, known as a unique feature 
of anti- LGI1 encephalitis,19 is more frequently encountered than 

other seizure types.20 With respect to EEG data, our study found 
no group- specific characteristics (see Table 2). According to the 
literature, however, focal slowwaves21 or generalized slowing22 
are common in anti- NMDAR encephalitis. Extreme delta brush, a 
known feature of anti- NMDAR encephalitis,23 indicates a poorout-
come,23 despite being rarely detected.24 However, no classical 
extreme delta brush was detected in our study. In anti- GABABR 
encephalitis, slow waves with a relatively wide range25 that are 
related to the severity of the disease are usually observed.26 While 
anti- LGI1 encephalitis is characterized by slow wave activity from 
multifocal discharges,27 the main targets are the hippocampus27 
and temporal regions.28 Interestingly, almost all the patients with 
FBDS present normal EEG recordings,29 which was also verified in 
our study. Abnormal MRI results, particularly in the hippocampus 

Baseline characteristic
NMDAR 
(n = 29)

GABABR 
(n = 13)

LGI1 
(n = 14)

p 
value

Sex: Male, No. (%) 13 (44.8) 9 (69.2) 7 (50.0) 0.361

Age, No. (%)

0– 14 14 (48.3) 4 (30.8) 2 (14.3) 0.084

>14 15 (51.7) 9 (69.2) 12 (85.7)

Movement disorder, No. (%) 8 (27.6) 3 (23.1) 3 (21.4) 0.923

Dysarthria, No. (%) 9 (31.0) 3 (23.1) 6 (42.9) 0.521

Mood disorders, No. (%) 22 (75.9) 6 (46.2) 11 (78.6) 0.118

Fever (>37.5℃), No. (%) 15 (51.7) 7 (53.8) 5 (35.7) 0.553

Laboratory tests (abnormal), No. (%)

Blood potassium level 2 (6.9) 2 (15.4) 3 (21.4) 0.424

Blood sodium level 3 (10.3) 2 (15.4) 6 (42.9) 0.040

Blood chlorine level 7 (24.1) 2 (15.4) 6 (42.9) 0.291

CSF tests (abnormal), No. (%)

Pressure 17 (58.6) 7 (53.8) 5 (35.7) 0.365

WBC count 16 (55.2) 9 (69.2) 6 (42.9) 0.433

Protein level 4 (13.8) 6 (46.2) 3 (21.4) 0.074

Glucose level 3 (10.3) 0 1 (7.1) 0.799

Chloride level 2 (6.9) 1 (7.7) 3 (21.4) 0.456

Antibody titer, No. (%)

+ 18 (62.1) 3 (23.1) 3 (21.4) 0.024

+ + 6 (20.7) 7 (53.8) 9 (64.3)

+ + + 5 (17.2) 3 (23.1) 2 (14.3)

Administration of HGG, No. (%) 11 (37.9) 5 (38.5) 7 (50.0) 0.735

Administration of IA, No. (%) 11 (37.9) 4 (30.8) 2 (14.3) 0.278

Antiepileptic drugs, No. (%)

Early withdrawal (≤3 months) 16 (55.2) 5 (38.5) 8 (57.1) 0.544

Late withdrawal (>3 months) 13 (44.8) 8 (61.5) 6 (42.9)

Modified Rankin Scale, No. (%)

0– 2 24 (82.8) 11 (84.6) 12 (85.7) 1.000

3– 6 5 (17.2) 2 (15.4) 2 (14.3)

Abbreviations: CSF, cerebrospinal fluid; GABABR, γ- aminobutyric acid B receptor; HGG, human 
gamma globulin; IA, immunosuppressive agent; LGI1, leucine- rich glioma- inactivated protein 1; 
NMDAR, N- methyl- D- aspartate receptor; WBC, white blood cell.

TA B L E  1  Patient baseline 
characteristics by type of autoimmune 
encephalitis (AE)
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and temporal lobe, can be observed in all three types of AE,16,17,30,31 
which was also verified in our study. Moreover, hippocampal scle-
rosis due to seizure is commonly observed in both anti- GABABR 
26,32 and anti- LGI1 encephalitis in long- term follow- ups.33 In our 
study, no hippocampal sclerosis was detected, which may be at-
tributed to the small sample size and short follow- up period.

Our study suggests that onset with seizure and SE occurrence 
lead to a poor seizure outcome, while administration of human 
gamma globulin and a lower antibody titer may contribute to a good 
seizure outcome. Consistently, the literature suggest that SE is as-
sociated with long- term chronic seizures4 and that autoimmune SE 
is refractory to AEDs.34 Moreover, timely termination of SE contrib-
utes to a good seizure outcome.4 In our study, human gamma glob-
ulin administration contributed to a good seizure outcome, whereas 
immunosuppressive agents did not. The literature indicates that im-
munotherapy is associated with a relatively good seizure outcome,9 
but does not distinguish between the roles of human gamma globu-
lin and immunosuppressive agents.

We also discovered that antibody titer is associated with seizure 
outcome. The lower the concentration, the more likely it was for pa-
tients to achieve seizure- free status after EW. Consistently, the liter-
ature suggests that high antibody titer leads to poor outcomes.35,36 
However, some researchers question this relationship, given the 
persistence of autoantibodies long after remission.37,38 We found 
that onset with seizure was negatively related to seizure outcome. 
We found no literature to date mentioning this result, and further 
studies are warranted.

In the present study, the results on analysis of MRI abnormalities, 
age, EEG, and AE type as seizure outcome- related factors were un-
remarkable, which is inconsistent with previous literature. According 
to the literature, cortical abnormalities on MRI,4 older age,4 abnor-
mal EEG findings, and the presence of anti- GABABR antibody11 are 
significantly related to long- term chronic seizures. The inconsistency 
of our MRI and EEG findings with those of previous studies may be 

attributed to a difference in the timepoint of the examination. In the 
early stage of AE, brain MRI and EEG results are usually normal and 
gradually present abnormalities with the progression of the disease. 
Moreover, different onset symptoms may be responsible for differ-
ent timepoints of initial examination. For example, some patients 
may have an onset with fever or other symptoms mimicking the 
common flu, thereby delaying the first hospital visit and contributing 
to a more complete presentation of abnormalities on MRI and EEG. 
In contrast, patients with seizure onset visit the hospital in a timely 
manner and may present unremarkable MRI and EEG results at this 
early stage. Moreover, our divergent results on the influence of age 
and AE type may be explainable by the small sample size.

In clinical practice, we often prioritize AEDs with a relatively fast 
drug titration to control the seizures as soon as possible. Moreover, 
seizure type should also be considered during AED selection. For 
example, anti- NMDAR encephalitis usually begins without seizure,12 
and generalized seizure is commonly encountered subsequently.15 
The timepoint and seizure type may be considered in AED utiliza-
tion. Patients with anti- GABABR encephalitis are vulnerable to 
SE39 and refractory seizures.18 For SE, timely immunotherapy is 
more effective than other therapies such as general anesthesia.40 
Intravenous administration and rapid drug titration may be helpful 
as necessary.41 For anti- LGI1 antibody encephalitis, hyponatremia is 
common,6 and some AEDs, such as carbamazepine and oxcarbaze-
pine, may aggravate this condition.42 Additionally, severe cutaneous 
side effects43 are common with some AEDs. Our study suggests 
that, given the importance of human gamma globulin treatment, 
AEDs alone cannot contribute to a good seizure outcome in the 
acute phase. Additionally, the literature states that immunother-
apy is time- sensitive7 and either AEDs44 or immunotherapy alone24 
is not recommended. Therefore, a timely combination of immuno-
therapy as the basic treatment and AEDs as an add- on treatment is 
optimal.45 However, a previous study found that some AEDs with 
sodium- channel blocking properties when administered alone have 

Seizure characteristic
NMDAR 
(n = 29)

GABABR 
(n = 13) LGI1 (n = 14) p value

Onset with seizure, No. (%) 12 (41.4) 7 (53.8) 10 (71.4) 0.176

Status epilepticus, No. (%) 11 (37.9) 6 (46.2) 4 (28.6) 0.665

Main seizure type, No. (%)

FBDS, No. (%) 0 0 6 (42.9) <0.0001

Generalized seizure, No. 
(%)

15 (51.7) 13 (100.0) 5 (35.7)

Focal seizure, No. (%) 14 (48.3) 0 3 (21.4)

EEG (abnormal), No. (%) 14 (48.3) 6 (46.2) 8 (57.1) 0.820

Brain MRI (abnormal), No. (%) 17 (58.6) 6 (46.2) 10 (71.4) 0.424

Seizure- free with EW, No. 
(%)

15 (51.7) 4 (30.8) 8 (57.1) 0.338

Abbreviations: AE, autoimmune encephalitis; EEG, electroencephalogram; EW, early withdrawal; 
FBDS, faciobrachial dystonic seizure; GABABR, γ- aminobutyric acid B receptor; LGI1, leucine- rich 
glioma- inactivated protein 1; MRI, magnetic resonance imaging; NMDAR, N- methyl- D- aspartate 
receptor.

TA B L E  2  Seizure characteristics by 
type of AE
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effectively controlled seizures in a few cases.46 Therefore, further 
studies to clarify the role of AEDs in AE treatment are needed.

After the acute phase, AED discontinuation may be considered in 
patients achieving seizure- free status in the acute phase. Considering 
the factors related to seizure outcome identified in our study, we 
suggest discontinuation should be prioritized for patients with onset 
without seizure, without SE occurrence, with human gamma globu-
lin administration and with low antibody titer. Additionally, another 
study has speculated that AE patients without epileptiform dis-
charges on EEG or signs of inflammation on brain MRI are qualified 
for AED discontinuation.19 However, a larger- sample replication was 
needed for verification of these views.

TA B L E  3  Univariate analysis of outcome- related factors of 
seizures

Variables

Seizure- free after EW

n
p 
valueNo (n = 29) Yes (n = 27)

Onset symptom, No. (%)

Not seizure 11 (40.7) 16 (59.3) 27 0.113

Seizure 18 (62.1) 11 (37.9) 29

SE, No. (%)

Without SE 15 (42.9) 20 (57.1) 35 0.088

With SE 14 (66.7) 7 (33.3) 21

HGG, No. (%)

Without HGG 21 (63.6) 12 (36.4) 33 0.036

With HGG 8 (34.8) 15 (65.2) 23

Type of AE, No. (%)

NMDAR 14 (48.3) 15 (51.7) 29 0.351

GABABR 9 (69.2) 4 (30.8) 13

LGI1 6 (42.9) 8 (57.1) 14

IA, No. (%)

Without IA 19 (48.7) 20 (51.3) 39 0.488

With IA 10 (58.8) 7 (41.2) 17

Sex, No. (%)

Male 14 (48.3) 15 (51.7) 29 0.586

Female 15 (55.6) 12 (44.4) 27

Age (years, mean 
±SD)

33.5 ± 23.9 35.1 ± 27.9 0.811

Seizure type, No. (%)

FBDS 1 (16.7) 5 (83.3) 6 0.250

Generalized 
seizure

19 (57.6) 14 (42.4) 33

Focal seizure 9 (52.9) 8 (47.1) 17

MRS, No. (%)

0– 2 20 (42.6) 27 (57.4) 47 0.999

3– 6 9 (100) 0 9

Movement disorder, No. (%)

Without 23 (54.8) 19 (45.2) 42 0.442

With 6 (42.9) 8 (57.1) 14

Fever (>37.5℃), No. (%)

Without 16 (55.2) 13 (44.8) 29 0.599

With 13 (48.1) 14 (51.9) 27

EEG, No. (%)

Normal 15 (53.6) 13 (46.4) 28 0.789

Abnormal 14 (50.0) 14 (50.0) 28

Brain MRI, No. (%)

Normal 10 (43.5) 13 (56.5) 23 0.301

Abnormal 19 (57.6) 14 (42.4) 33

Dysarthria, No. (%)

Without 20 (52.6) 18 (47.4) 38 0.854

With 9 (50.0) 9 (50.0) 18

(Continues)

Variables

Seizure- free after EW

n
p 
valueNo (n = 29) Yes (n = 27)

Blood potassium level, No. (%)

Normal 25 (51.0) 24 (49.0) 49 0.762

Abnormal 4 (57.1) 3 (42.9) 7

Blood sodium level, No. (%)

Normal 25 (55.6) 20 (44.4) 45 0.260

Abnormal 4 (36.4) 7 (63.6) 11

Blood chlorine level, No. (%)

Normal 23 (56.1) 18 (43.9) 41 0.289

Abnormal 6 (40.0) 9 (60.0) 15

CSF pressure, No. (%)

Normal 12 (44.4) 15 (55.6) 27 0.290

Abnormal 17 (58.6) 12 (41.4) 29

CSF WBC count, No. (%)

Normal 11 (44.0) 14 (56.0) 25 0.297

Abnormal 18 (58.1) 13 (41.9) 31

CSF protein level, No. (%)

Normal 22 (51.2) 21 (48.8) 43 0.865

Abnormal 7 (53.8) 6 (46.2) 13

CSF glucose level, No. (%)

Normal 27 (51.9) 25 (48.1) 52 0.941

Abnormal 2 (50.0) 2 (50.0) 4

CSF chloride level, No. (%)

Normal 26 (52.0) 24 (48.0) 50 0.926

Abnormal 3 (50.0) 3 (50.0) 6

Antibody titer, No. (%)

+ 8 (33.3) 16 (66.7) 24 0.061

+ + 14 (63.6) 8 (36.4) 22

+ + + 7 (70.0) 3 (30.0) 10

Abbreviations: AE, autoimmune encephalitis; CSF, cerebrospinal fluid; 
EEG, electroencephalogram; EW, early withdrawal; FBDS, faciobrachial 
dystonic seizure; GABABR, γ- aminobutyric acid B receptor; HGG, 
human gamma globulin; IA, immunosuppressive agent; LGI1, leucine- 
rich glioma- inactivated protein 1; MRI, magnetic resonance imaging; 
MRS, modified Rankin scale; NMDAR, N- methyl- D- aspartate receptor; 
SE, status epilepticus; WBC, white blood cell.

TABLE 3 (Continued)
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This study has several limitations. First, all 56 patients were en-
rolled at a single center, and a regional selection bias may therefore 
exist, especially since the sample size was small. Second, we did not 
consider the effect of hormones on seizure outcome, given that all 56 
patients enrolled in our study had been treated with hormones. Third, 
few patients with other types of antibody, such as to contact protein- 
like protein- 2, anti- gamma- aminobutyric acid A receptor, and anti- 
alpha- amino- 3- hydroxy- 5- methyl- 4- isoxazolepropionic acid, were 
excluded, which may limit interpretation of the multivariate logistic 
regression result of the types of AE. Fourth, some seizure outcomes 
were evaluated based on telephone follow- up; therefore, non- motor 
seizures may have been overlooked. Finally, we did not assess the ef-
fect of tumor on seizure outcome. Given the inconsistent follow- up 
time, some patients had completed surgery to remove tumors, 
whereas others had not. In this context, surgery may bias the effect of 
tumor on seizure outcome. Future studies should give more attention 
to the rare types of AE and to the effects of hormones and tumors.

5  |  CONCLUSIONS

In the acute phase of AE, seizure characteristics may be consid-
ered in the selection and utilization of AEDs. Onset with seizure 
and SE occurrence may lead to a poor seizure outcome, while 
human gamma globulin administration and low antibody titer 
may contribute to a good seizure outcome. For patients who have 
achieved seizure- free status in the acute phase, the factors men-
tioned above may be considered in the withdrawal strategy of 
AEDs after the acute phase. Early identification of patients quali-
fied to discontinue AEDs can avoid the additional adverse effects 

and high costs of AEDs, thereby easing the treatment burden 
borne by patients.
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