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A B S T R A C T

Purpose: To investigate the long-term seizure outcome in patients with convulsive status epilepticus (CSE) due to
acute encephalitis and identify early predictors for terminal seizure remission.
Methods: Based on a prospective registry of CSE, consecutive patients with CSE due to acute encephalitis were
enrolled from July 2009 to November 2017, with follow-up ending in November 2018. Variables during hospital
stay, seizure outcomes within 1 month after status epilepticus (SE), and seizure outcomes within 3 months after
acute phase of encephalitis were assessed for predicting terminal seizure freedom.
Results: After a median 58-month observation period, 77 patients were included in this study. Twenty-eight
(36%) patients died within 3 months, 22 (29%) patients had recurrent seizures after acute phase of encephalitis,
and 27 (35%) patients attained terminal seizure freedom after acute phase of encephalitis. Patients with CSE due
to autoimmune encephalitis had a higher rate of terminal seizure freedom than those with viral and other
encephalitis. Among all living patients (n= 49), 26 (53%) patients were on anti-epileptic medication at the end
of follow-up. STESS score on admission, seizure freedom throughout 1 month after SE, and seizure freedom
throughout 3 months after acute phase were found to be independently associated with terminal seizure
freedom.
Conclusions: Our study proposed a dynamic assessment system to identify patients for whom long-term use of
anti-epileptic drugs (AEDs) might not be necessary. Our findings filled a gap in treatment decision on how long
AEDs should be continued for patients with CSE due to acute encephalitis.

1. Introduction

Encephalitis is swelling and inflammation of the brain, which can be
caused by infectious or autoimmune aetiologies. Up to 18.5%–40.4% of
patients were reported to develop status epilepticus (SE) during the
acute stage of encephalitis and received anti-epileptic treatments [1–3].
To prevent recurrent seizures, anti-epileptic drugs (AEDs) are usually
continued for a long time after the remission of acute SE. However,
some patients will never have unprovoked seizures after the acute

phase of encephalitis [3–5], and long-term anti-epileptic treatment may
not be necessary for them.

To date, few studies have evaluated long-term seizure outcomes in
patients with SE due to acute encephalitis. Clinicians are often faced
with a decision-making dilemma when they attempt to continue or
discontinue the use of AEDs after the acute phase. The long-term use of
AEDs can prevent possible unprovoked seizures in the future, but it may
also reduce the quality of life in seizure-free patients [6]. In this study,
we evaluated long-term seizure outcome in patients with SE due to
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acute encephalitis and investigated the early predictors for terminal
seizure remission to identify the patients who may not require long-
term use of AEDs after the acute phase.

2. Methods

2.1. Study design

This is a retrospective study based on a prospective registry of pa-
tients with convulsive status epilepticus (CSE) who were admitted to
the neurological intensive care unit (N-ICU) of Xijing Hospital, China, a
tertiary academic medical centre. This study was fully approved by the
ethics committee of Xijing Hospital (KY20182024-F-1) and was in
compliance with Chinese laws and the Helsinki Declaration. All patients
or their surrogate care providers provided informed consent before they
were included in this study.

2.2. Patients

From July 2009 to November 2017, consecutive patients diagnosed
with CSE due to acute encephalitis (≥ 12 years of age) were included in
this study. CSE was defined as 5min or more of continuous motor
seizure activity or recurrent seizure activity without regaining full
consciousness between episodes [7]. CSE included both focal con-
vulsive SE and generalised tonic-clonic SE. Acute encephalitis was de-
fined as altered mental status (decreased or altered level of conscious-
ness, lethargy, or personality change) lasting more than 24 h, with at
least three of the following associated manifestations: (1) fever of 38 °C
or higher within 72 h before or after presentation, (2) generalised or
partial seizures, (3) new onset of focal neurologic findings, (4) cere-
brospinal fluid (CSF) white blood cell count 5/mm3 or higher, (5) ab-
normality of brain parenchyma on neuroimaging, and (6) electro-
encephalogram (EEG) abnormality [8]. Patients with a history of
epilepsy were excluded. Case eligibility was determined by a study
neurologist based on the clinical records, neuroimaging and EEG find-
ings.

2.3. Management

All participants received anti-SE treatments from the same group of
neurologists according to the clinical guidelines [9–12]: the first-line
agents were benzodiazepines; the second-line treatment was in-
travenous (IV) sodium valproate or phenobarbital sodium; and the
third-line treatment was continuous infusion of anaesthetics (mid-
azolam or/and propofol). All the patients were monitored continuously
using a bedside video-EEG with an array of 20 scalp electrodes (Solar
2000 N, Solar Electronic Technologies Co., Ltd., Beijing, China) for at
least 24 h to guide anti-epileptic treatments and detect the presence of
non-convulsive seizures. All patients were taking oral anti-epileptic
drugs (AEDs) when they were discharged from the N-ICU.

2.4. Data collection

The following variables that may predict the long-term seizure
outcomes of patients with SE due to encephalitis were collected for
statistical analysis: (1) demographics; (2) time from onset of en-
cephalitis to the diagnosis of SE and to N-ICU admission; (3) illness
severity including Glasgow Coma Scale (GCS) and Acute Physiology
and Chronic Health Evaluation (APACHEII) on admission; (4) SE se-
verity including Status Epilepticus Severity Score (STESS), encephalitis-
NCSE-diazepam resistance-image abnormalities-tracheal intubation
(END-IT) score [13], serum albumin [14], refractory SE, super-re-
fractory SE, and the complication of non-convulsive status epilepticus
(NCSE); (5) aetiology of acute encephalitis; (6) treatments in N-ICU
including intubation, number of IV AEDs, length of N-ICU stay, and
number of oral AEDs at hospital discharge; and (7) neuroimaging and

EEG findings. Abnormal brain magnetic resonance imaging (MRI)
findings were defined as hypointensity on T1-weighted images (T1WI)
and hyperintensity on T2-weighted images (T2WI) and fluid-atte-
nuated inversion recovery (FLAIR). The results of the last continuous
EEG monitoring before N-ICU discharge were used for the analysis and
were grouped into the following: (1) normal, (2) diffuse or focal slow
waves, and (3) epileptiform activity. When both diffuse/focal slow
waves and epileptiform activity were found in one patient, it was re-
corded as epileptiform activity. Seizure outcomes in the following two
observation periods were also determined and analysed as potential
predictors for terminal seizure freedom after each observation period:
(1) within 1 month after SE and (2) within 3 months after the acute
phase. Seizures occurring within 1 month after SE were likely to be
provoked, whereas seizures occurring after the acute phase were
usually unprovoked, and the predictive values of them might be dif-
ferent [15–18]. The acute phase of encephalitis was defined as the first
3 months after the disease onset based on the characteristics of auto-
immune encephalitis, which usually has a longer acute phase than other
encephalitis [3,19]. The exact diagnoses of encephalitis were made
according to our previous published study based on related guidelines
or consensuses [19–21].

2.5. Outcome assessment

Seizure outcomes were first assessed at 6 months after N-ICU dis-
charge to determine whether there were seizures occurring during the
two observation periods (within 1 month after SE and within 3 months
after the acute phase) by a trained neurologist based on clinical data
during the N-ICU stay, telephone interviews, and routine clinical
follow-ups. Then long-term seizure outcome was assessed in-
dependently in November 2018, 12 months after the SE onset of the last
enrolled patient, by another trained neurologist based on telephone
interviews and routine clinical follow-ups. Terminal seizure freedom
was defined as sustained freedom from all seizures, including auras,
until the last follow-up.

2.6. Statistical analysis

Univariate logistic regression models were used to search for early
in-hospital predictors of terminal seizure freedom after the acute phase
of encephalitis. Multivariate logistic regression models were used to
examine the relationships between seizure outcomes during two ob-
servation periods and terminal seizure freedom after them, adjusted for
demographics (age, sex) and SE severity (STESS score). Seizure out-
come in each observation period was summarised into two indicators.
For the first observation period (within 1 month after SE), seizure fre-
quencies within the first 2 weeks after SE and throughout 1 month after
SE were analysed; for the second observation period (within 3 months
after acute phase), seizure frequencies within the first month after acute
phase and throughout 3 months after the acute phase were analysed.
The specificity, sensitivity, positive predictive value (PPV), negative
predictive value (NPV), and accuracy of the in-hospital predictor
(STESS score) and indicators in two observation periods were calcu-
lated. Two-sided p values< 0.05 were considered significant.
Statistical analyses were conducted with SPSS version 22 software
(SPSS Inc., Chicago, IL, United States).

3. Results

3.1. Demographic and clinical characteristics

From July 2009 to November 2017, a total of 88 patients with SE
due to acute encephalitis were identified. Ten patients who were lost to
follow-up were excluded, and one patient with a history of epilepsy was
excluded. Eventually, a total of 77 patients were included in this study
(Supplementary figure S1). The median patient age was 31 years
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[interquartile range (IQR) :19-45 y], and 57.1% were male (Table 1).
The median time from onset of encephalitis to SE and to N-ICU ad-
mission were 6 (IQR: 3-13) days and 10 (IQR: 7–20) days, respectively.
The conditions of included patients were quite severe at N-ICU admis-
sion, reflected by a median GCS score of 9 and a median STESS score of
3. The aetiologies of encephalitis were autoimmune in 16 patients
(20.8%), viral in 31 patients (40.3%), bacterial in 2 patients (2.6%),
cryptococcosis in 1 patient (1.3%), neurosyphilis in 1 patient (1.3%),
and unknown in 26 patients (33.8%). Twenty-seven (35.1%) patients
had normal brain images, 16 (20.8%) patients had cortical or hippo-
campal abnormalities, and 34 (44.1%) patients had abnormalities ex-
clusively in other areas that contain brain parenchyma, except the
cortex and hippocampus.

3.2. Seizure outcomes

The median follow-up period was 58 months, ranging from 12 to
111 months. Twenty-eight (36%) patients died within 3 months; 22
(29%) patients had recurrent seizures after the acute phase of en-
cephalitis; and 27 (35%) patients attained terminal seizure freedom
after the acute phase of encephalitis (Fig. 1A). Patients with SE due to
autoimmune encephalitis had a higher rate of terminal seizure freedom
than patients with viral encephalitis and patients with other en-
cephalitis (Fig. 1B). Among all the surviving patients (n= 49), 26
(53%) patients had one or more oral AEDs at the end of follow-up
(Fig. 2A), and Levetiracetam had the highest terminal retention rate

(Fig. 2B).

3.3. Indicators for seizure freedom

Table 2 showed that STESS score on N-ICU admission was the only
in-hospital indicator that was significantly associated with terminal
seizure freedom after the acute phase of encephalitis [odds ratio (OR)
5.88, 95% confidence interval (CI): 1.13–30.63, p= 0.04]. In the first
observation period (within 1 month after SE), both seizure freedom
within the first 2 weeks after SE (OR 17.98, 95%CI: 2.54–127.21,
p=0.004) and throughout 1 month after SE (OR 12.68, 95%CI
1.17–137.83, p=0.04) were independently associated with terminal
seizure freedom after them. In the second observation period (within 3
months after the acute phase), both seizure freedom within the first
month after the acute phase (OR 72.73, 95%CI 6.56–806.74,
p < 0.001) and throughout 3 months after the acute phase (OR
654.14, 95%CI 12.00–35665.22, p=0.001) were independently asso-
ciated with terminal seizure freedom after them as well.

The specificity, sensitivity, PPV, NPV, and accuracy of all five of the
predictors are presented in Supplementary figure S2. Specificity was
used as the key parameter to choose the better predictor during each
observation period. A higher specificity means the better capacity to
identify those patients who would have recurrent seizures; therefore,
the discontinuation of AEDs in patients who really need long-term AEDs
can be maximally avoided. In the end, three predictors for terminal
seizure freedom in three phases were determined: STESS score on ad-
mission, seizure freedom throughout 1 month after SE, and seizure
freedom throughout 3 months after the acute phase. These three pre-
dictors in three phases constituted a dynamic assessment system for
identifying those patients who might not need long-term AEDs. As the
earliest indicator, STESS score on admission identified 37% of patients
who would stay seizure-free after the acute phase of encephalitis
(sensitivity, Fig. 3). As time went on, the second predictor (seizure
freedom throughout 1 month after SE) identified 44% of patients who
would stay seizure-free after it; and the third predictor (seizure freedom

Table 1
Demographic and Clinical Characteristics.

Variables Total (n= 77)

Age (years) 31 (19–45)
Sex (male) 44 (57.1%)
Time from encephalitis onset to SE (days) 6 (3–13)
Time from encephalitis onset to admission (days) 10 (7–20)
GCS on admission 9 (6–12)
APACHEII on admission 9 (5–13)
STESS 3 (3–4)
END-IT score 4 (3–5)
Serum albumin on admission 39.4 (36.0–42.4)
RSE 35 (45.5%)
SRSE 19 (24.7%)
Complicated with NCSE 44 (57.1%)
Aetiology of encephalitis
Autoimmune 16 (20.8%)
Viral 31 (40.3%)
Unknown 26 (33.8%)
Othera 4 (5.2%)

Intubation 42 (54.5%)
Number of IV AEDs 2 (1–3)
N-ICU length of stay (days) 19 (10–32)
Number of oral AEDs at hospital discharge 2 (1–3)
Brain image
Normal 27 (35.1%)
Cortical or hippocampal involvement 16 (20.8%)
Exclusively abnormalities in other areasb 34 (44.1%)

EEGc

Normal 8 (10.4%)
Diffuse or focal slow waves 33 (42.9%)
Epileptiform activity 36 (46.8%)

SE, status epilepticus; GCS, Glasgow Coma Scale; APACHEII, Acute Physiology
and Chronic Health Evaluation; STESS, Status Epilepticus Severity Score; END-
IT: encephalitis-NCSE-diazepam resistance-image abnormalities-tracheal in-
tubation; RSE, refractory status epilepticus; SRSE, super-refractory status epi-
lepticus; NCSE, nonconvulsive status epilepticus; IV AEDs, intravenous anti-
epileptic drugs.
Data were presented as n (%) or median (interquartile range).

a Includes bacterial (n= 2), cryptococcosis (n= 1), and neurosyphilis
(n=1).

b Brain parenchyma abnormalities except cortex and hippocampus. cThe last
continuous EEG monitoring before N-ICU discharge.

Fig. 1. Seizure outcome after the acute phase of encephalitis. (A) Total
(n= 77); (B) According to aetiology, including autoimmune (n= 16), viral
(n= 31), unknown (n= 26), and other (n= 4) causes. *Includes bacterial
(n= 2), cryptococcosis (n= 1), and neurosyphilis (n=1).
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throughout 3 months after acute phase) identified 87% (Table 3).

4. Discussion

Patients with symptomatic SE due to acute encephalitis have a high
risk of developing postencephalitic epilepsy, but they may also never
have recurrent seizures after the acute phase [3,4]. Identification of
patients who will not develop postencephalitic epilepsy may avoid
unnecessary long-term use of AEDs. After a median follow-up period of
58 months, we found that 35% of patients with SE due to acute en-
cephalitis stayed seizure-free after the acute phase. A dynamic assess-
ment to identify patients who may not need long-term anti-epileptic
therapy was proposed with high specificity and PPV.

Previous studies have shown that in herpes simplex virus en-
cephalitis (HSE), 55.5% to 70% of patients did not have recurrent sei-
zures after recovery from the acute phase [22,23]. In anti-N-methyl-D-
aspartate receptor (anti-NMDAR) encephalitis, 81% of patients devel-
oped seizures at the acute phase, but more than 80% of patients with
acute seizures had no seizures after 6 months from disease onset [3].
Our study included patients with CSE due to acute encephalitis, a co-
hort considered to have a higher potential risk of developing post-en-
cephalitis, and found that there were still 35% of patients without any
seizure after the acute phase of encephalitis. In our study, the risk of
attaining seizure freedom after acute encephalitis varies partially de-
pending on the aetiology: more patients with autoimmune encephalitis
stayed seizure-free after the acute phase than patients with infectious
encephalitis. This finding was consistent with a Chinese study on anti-
NMDAR encephalitis [3] and needed to be proven in patients from
other areas of the world.

Encephalitis caused by different aetiologies has different disease
courses; therefore, the length of the acute phase of different

encephalitis is also not the same. Infectious encephalitis generally has a
more rapid onset and shorter hospital stay than autoimmune en-
cephalitis [19,24–26]. Patients with viral encephalitis were usually
admitted to hospital after 4 days from the disease onset and had a
hospital stay of 14 to 22 days [23,27]; and, patients with anti-NMDAR
encephalitis were admitted to hospital after 10 to 14 days from the
onset and stayed in the hospital for approximately 3 months [28,29].
For the ease of analysis and to reduce a misdiagnosis rate of un-
provoked seizures, which are an important index for the diagnosis of
post-encephalitic epilepsy, in this study we defined the acute phase of
all types of encephalitis as the first 3 months from the disease onset
based on the characteristics of autoimmune encephalitis [3,19].

The occurrence of SE in acute encephalitis was reported to be a
predictor of remote recurrent seizures [3,4]. However, in encephalitis
patients with SE, our study showed that the refractoriness of SE (RSE or
SRSE) was not closely related to recurrent seizures after the acute phase
of encephalitis. In this study, many patients with non-refractory SE also
developed subsequent unprovoked seizures; therefore, the refractori-
ness of SE cannot be used as a reliable predictor for the recurrence of
seizures after the acute phase of encephalitis.

To prevent recurrent seizures, AEDs were usually used for a long
time in patients with acute symptomatic SE. However, the timing for
withdrawing AEDs after the acute phase was unclear due to lack of
clinical evidence. One reason for the difficulty in determining the
perfect withdrawal timing is that it is impossible to find out when ex-
actly the reversible or temporary factors lowering the threshold and
generating seizures were eliminated [30]. Another reason is that it is
difficult to identify those encephalitis patients without long-lasting
brain lesions that may trigger seizures in the future. Some types of
encephalitis, such as anti-NMDAR encephalitis and HSE, may have re-
lapses and cause symptomatic seizures again [31–37].

Fig. 2. Administration of AEDs in survivors at the end of follow-up (n=49). (A) According to numbers of AEDs; (B) According to types of AEDs. LEV, levetiracetam;
VPA, sodium valproate; TPM, topiramate; PB, phenobarbital; CBZ, carbamazepine; OXC, oxcarbazepine; LTG, lamotrigine; PHT, phenytoin; CZP, clonazepam.

X. Leng, et al. Seizure: European Journal of Epilepsy 69 (2019) 70–75

73



In this study, STESS score on admission and seizure outcomes in two
observation periods were proposed for the prediction of terminal sei-
zure freedom. The STESS score was originally designed for predicting
mortality in SE [38], and our study showed that it also had very good

specificity for identifying patients who would have terminal seizure
freedom after the acute phase of encephalitis. Staying seizure-free
within the first month after the first episode of SE produced the highest
specificity, meaning it had the fewest patients who had been considered
terminally seizure-free by mistake. Staying seizure-free within the first
3 months after the acute phase of encephalitis produced the highest
PPV, which means the highest accuracy of identifying those patients
who would not have seizures later. Since STESS score and seizure
outcomes of two observation periods were not evaluated at the same
time, clinicians can assess patients dynamically to identify as early as
possible patients who may not need long-term use of AEDs: STESS score
＜ 3 (on admission) identified only 37.0% of patients who stayed sei-
zure-free after the acute phase; seizure freedom within the first month
after SE identified 44.4% of patients who had no recurrent seizures
later; and seizure freedom within the first 3 months after the acute
phase identified 87.1% of patients who had terminal seizure freedom
after it.

There are some limitations in this study. First, this is a single-centre
research with a limited sample size. However, even with such a small
sample that is unable to detect small difference, we managed to identify
several predictors that were significantly associated with terminal sei-
zure freedom. Second, for those patients who had no remote recurrent
seizures in this study, it is very difficult for us to tell whether it was
because of the efficacy of AEDs or the elimination of epileptogenic
factors. Future studies with a randomised and controlled setting may
provide more solid evidence. Third, this study included very few pa-
tients with bacterial encephalitis; therefore, the applicability of con-
clusions we proposed needs to be further confirmed in bacterial en-
cephalitis. Moreover, this is a study of adult patients, and long-term
seizure outcomes in children with acute encephalitis may be different
due to their immature brains.

5. Conclusion

Patients with SE due to autoimmune encephalitis had a higher rate
of terminal seizure freedom than those with viral encephalitis and other
encephalitis. A dynamic assessment for patients with SE due to acute
encephalitis was proposed to identify those patients who may not need
long-term use of AEDs: STESS score on admission, seizure outcome
within the first month after SE, and seizure outcome within the first 3
months after the acute phase. Our findings filled a gap in treatment
decision making and patient counselling on how long anti-epileptic
therapy should be used in patients with SE due to acute encephalitis.

Table 2
Univariate analysis of in-hospital predictors for terminal seizure freedom after
the acute phase of encephalitis.

Variables OR 95%CI p-value

Age (years) 1.00 0.96–1.03 0.86
Sex (male) 0.64 0.21–2.00 0.45
Time from encephalitis onset to admission

(days)
0.97 0.93–1.11 0.23

Time from encephalitis onset to SE (days) 0.98 0.95–1.02 0.33
GCS on admission 1.14 0.96–1.35 0.13
APACHEII on admission 0.89 0.78–1.01 0.07
STESS < 3 5.88 1.13–30.63 0.04
END-IT score < 3 5.00 0.95–26.28 0.06
Serum albumin on admission 1.10 0.98–1.23 0.11
RSE 0.57 0.18–1.79 0.34
SRSE 0.33 0.07–1.53 0.16
Complicated with NCSE 0.39 0.12–1.25 0.11
Aetiology of encephalitis
Autoimmune 1
Viral 1.03 0.25–4.30 0.97
Unknown 0.28 0.06–1.29 0.10
Othera – – –

Intubation 0.61 0.19–2.00 0.41
Number of IV AEDs 0.73 0.41–1.29 0.28
N-ICU length of stay (days) 0.98 0.95–1.01 0.11
Number of oral AEDs at hospital discharge 0.60 0.33–1.08 0.09
Brain image
Normal 1 　 　

Cortical or hippocampal involvement 0.49 0.11–2.20 0.49
Exclusively abnormalities in other areasb 0.65 0.18–2.37 0.65

EEGc

Normal 1
Diffuse or focal slow waves 0.15 0.01–1.50 0.11
Epileptiform activity 0.28 0.03–2.78 0.28

SE, status epilepticus; GCS, Glasgow Coma Scale; APACHEII, Acute Physiology
and Chronic Health Evaluation; STESS, Status Epilepticus Severity Score; END-
IT: encephalitis-NCSE-diazepam resistance-image abnormalities-tracheal in-
tubation; RSE, refractory status epilepticus; SRSE, super-refractory status epi-
lepticus; NCSE, nonconvulsive status epilepticus; IV AEDs, intravenous anti-
epileptic drugs.

a Includes bacterial (n= 2), cryptococcosis (n= 1), and neurosyphilis
(n=1).

b Brain parenchyma abnormalities except cortex and hippocampus. cThe last
continuous EEG monitoring before N-ICU discharge.

Fig. 3. Specificity, sensitivity, PPV, NPV, and
accuracy of the three indicators for predicting
terminal seizure freedom. PPV, positive pre-
dictive value; NPV, negative predictive value;
M, month. *The higher value means the better
capacity to identify those patients who would
have recurrent seizures and avoid unnecessary
discontinuation of anti-epileptic treatment.
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Table 3
Multivariate analysis of seizure outcomes in different observation periods for
predicting terminal seizure freedom.

Observation periods* OR 95%CI p-value

Seizure free within 1M after SE
within the first 2W after SE 17.98 2.54–127.21 0.004
throughout 1M after SE 12.68 1.17–137.83 0.04

Seizure free within 3M after acute phase
Within the first month after acute
phase

72.73 6.56–806.74 < 0.001

throughout 3M after acute phase 654.14 12.00–35,665.22 0.001

SE, status epilepticus; M, month; W, week.
* Adjusted with age, sex, and STESS.
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