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A B S T R A C T

Purpose: Japanese encephalitis (JE), the main cause of viral encephalitis in Asia, usually presents with acute
symptomatic seizures; however, there have been very few systematic reports regarding late unprovoked seizures
and epilepsy. We aimed to describe the clinical features and outcomes of post-encephalitic epilepsy following JE.
Methods: Patients with epilepsy with a previous confirmed diagnosis of JE visiting West China Hospital from
2013 to 2019 were enrolled in the observational case-controlled study. Patients with epilepsy with a history of
other non-specific viral encephalitis were enrolled as controls. For all enrolled subjects, disease related in-
formation was recorded.
Results: Forty-eight patients with JE (20 males; median age, 21.0 years; average epilepsy duration, 8.55 years)
were identified. The median duration from JE to the first unprovoked seizure was 7.73 years, which significantly
differed from that of the controls (7.73 vs. 2.69 years, respectively; p= 4.59× 10−6). Most patients had focal
epilepsy, and 29 (78.38%) were drug resistant. Among 45 patients with available neuroimaging data, three in
fourth had no obvious abnormality, and the temporal lobe and hippocampus (22.22%) were the most affected
brain regions. Six patients had surgery, and three achieved class-one seizure-free status.
Conclusion: The latency to the first unprovoked seizure was longer in patients with JE than controls. Regarding
chronic epilepsy, three in four had structural abnormalities, and the long-term outcomes of post-encephalitic
epilepsy following JE were poor. Surgery remains an option for drug-resistant epilepsy.

1. Introduction

Central nervous system (CNS) infections are one of the leading
causes of acquired epilepsy [1]. Patients with encephalitis have a risk of
developing seizures at the acute stage, as well as later developing un-
provoked seizures [2]. It is well recognized that the risk of developing
unprovoked seizures in these patients is 7–16 times higher compared to
the general population [3,4], especially in those with Herpes simplex
virus and Japanese encephalitis (JE), and the odds ratio of subsequent
epilepsy was reported to be 8.06 for JE [5]. JE, the most common en-
demic viral cause of encephalitis, infects nearly 7 million people an-
nually, mostly in South East Asia, though the number of cases is de-
creasing rapidly owing to the beneficial effects of vaccination.
However, a large proportion of the population, especially children,
living in the area remains endemic to JE [6].

Most studies on the neurological sequelae of JE have focused on

neurocognitive impairments and movement disorders, and the devel-
opment of epilepsy from JE is only reported on a case by case basis or
described vaguely in different studies, and no systematic research on
the topic is available [7,8]. Thus, the features and outcomes of late-
onset epilepsy following JE are largely unknown. This study system-
atically reviewed the data of patients with a history of JE who devel-
oped epilepsy with the aim of providing the general clinical features
and outcomes of post-JE epilepsy.

2. Materials and methods

2.1. Study design

The study was approved by the institutional review board of West
China Hospital Sichuan University. All patients with JE-induced post-
encephalitic epilepsy visiting the epilepsy clinic of West China Hospital
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from January 2013 to February 2019 were asked to participate in the
observational case-controlled study, and written informed consent was
obtained after the enrollment. Epilepsy was diagnosed per the
International League Against Epilepsy (ILAE) criteria [9]. Previous JE
encephalitis was confirmed by its definitive diagnosis in previous
medical records by a positive immunoglobulin M (IgM) antibody to the
JE virus in serum or cerebrospinal fluid, as well as the patient being
from a known JE endemic area during the mosquito biting season or
visiting a JE epidemic area within 25 days before symptom onset. Ex-
clusion criteria for this study were as previously described [10,11]: (1)
epilepsy prior to encephalitis; (2) infection following surgical proce-
dures; (3) brain abscesses; (4) chronic encephalitis; (5) other con-
comitant risk factors for epilepsy, including febrile seizures without
evidence of central nervous system (CNS) infection, tumor, stroke, ar-
teriovenous malformation, or head injury; and (6) post-vaccination and
post-infectious encephalitis.

The control group consisted of 50 consecutively enrolled patients
with epilepsy with prior history of non-specific viral encephalitis other
than JE who visited the epilepsy clinic in the same hospital between
January 2013 to September 2018. Controls were selected if they had
epilepsy and a past clinical history of a viral encephalitis of caused by a
non-JE virus or if the etiology was unknown with either negative ser-
ology for JE or onset beyond the JE virus transmission season.

2.2. Demographic and clinical information

The following information was collected for all subjects: sex, age at
initial encephalitis, the city or town of residence during the develop-
ment of encephalitis, presence of seizure at initial presentation of en-
cephalitis, age at first unprovoked seizure, seizure characteristics de-
termined by medical records or interview, the presence of status
epilepticus (SE) after the acute phase of encephalitis, seizure type di-
agnosis performed according to the ILAE criteria [12], magnetic re-
sonance imaging (MRI) scans after the acute phase of encephalitis, in-
terictal and ictal scalp electroencephalography (EEG) with or without
video, anti-epileptic drugs (AEDs), seizure frequency, and drug re-
sponsiveness.

2.3. Surgery evaluation and outcomes

Surgery was discussed with the patients and families for those with
drug-resistant epilepsy. Drug-resistant epilepsy was defined based on
the ILAE recommendation, i.e. patients had seizures within 12 months
or 3 times the longest pre-treatment interseizure interval, whichever
was longer, while receiving adequate trials of two tolerated, appro-
priately chosen and used AED schedules [13]. Presurgical evaluation,
including ictal video EEG (VEEG) and MRI, was performed in all except

one patient who had surgery 11 years prior in another hospital. In the
patients who underwent surgery for epilepsy, the type of surgery, pa-
thologic results, and outcomes were recorded. Patients were followed
regularly after surgery, and their surgical results were assessed using
ILAE classification [14].

2.4. Statistical analysis

Age and age at onset of encephalitis are shown as median (inter-
quartile range), while all other data are shown as mean (± standard
deviation, SD) and frequencies. T tests were used for group comparisons
of continuous variables for the statistical evaluation of age, age of onset,
disease course, and types and doses of AEDs. Chi-square tests with
Bonferroni correction were used to compare seizure type, neuroimaging
data, and drug resistance. Survival analyses were conducted, and a
Kaplan-Meier curve was generated to investigate the latency to first
seizure in post-encephalitis patients. Differences with p < 0.05 were
deemed statistically significant in all tests (2-tailed). Data analysis was
performed USING Microsoft Excel 2016 and SPSS 19.0 for Windows
(SPSS Inc, Chicago, IL, USA).

3. Results

Of the initial 60 eligible patients with JE, 12 were excluded from the
analysis because of the absence of JE antibody testing, epilepsy prior to
encephalitis, history of febrile seizure, or a history of head injury. A
total of 48 patients with a laboratory-confirmed history of JE were
eligible for inclusion in the analysis (Table 1). Among the 48 confirmed
cases of JE, 41 patients lived in the Sichuan Province when they were
diagnosed with JE, three lived in Yunnan, three lived in Guizhou, and
one lived in the Gansu Province. There were 20 men included in the
final cohort. The median age of the patients at the time of visit was 21.0
years, with an average epilepsy duration of 8.55 years. The average
duration from JE to first unprovoked seizure was 7.73 years. The pre-
valence of acute symptomatic seizure during encephalitis was com-
parable between the two groups. When compared to those with epilepsy
due to other types of viral encephalitis, the interval time between en-
cephalitis to the first unprovoked seizure was notably shorter, i.e. 2.69
years (p=4.59×10−6). More than half of patients (n= 26, 54.17%)
with JE developed late-onset epilepsy after a 5-year interval, compared
to 11 patients (21.57%) in the control group (Fig. 1). No other differ-
ence was observed between the two groups. There was no correlation
between the age at onset of encephalitis and the latency to first un-
provoked seizure in either group (data not shown).

Almost all patients with JE had clear seizure classification; however,
two had no witness to their seizure and negative results on the EEG and
neuroimaging investigations. Forty-four (91.67%) patients had focal

Table 1
Demographic and clinical features of the post-JE group and control group.

Characteristic Post-JE group n=48 Control group n=51 p

Age (years) 21.0(16.0,26.0) 19.0(13.50,23.00) 0.006**
Sex (M/F) 20/28 30/21 0.088
Age at encephalitis (years) 4.00(2.85,6.00) 7.00(3.5,11.0) 0.116
Patient had symptomatic seizure at encephalitis(no.) 28 35 0.287
Latency to epilepsy (years) 7.73 ± 6.43 2.69 ± 3.57 4.59× 10−6**
Epilepsy duration (years) 8.55 ± 7.11 6.75 ± 6.29 0.186
Seizure type (focal/generalized/unknown) 44/2/2 46/5/0 0.198
Patient had status epilepticus during late onset epilepsy (no.) 3 0 0.070
Neuroimaging (normal/abnormal/NA) 12/33/3 14/36/1 0.550
Drug-resistant 29/37 30/42a 0.620

Age and age at encephalitis are shown in median (interquartile range). Sex, patient had symptomatic seizure at encephalitis, seizure type, patient had status
epilepticus during late onset epilepsy, neuroimaging, drug-resistant are shown in number. Latency to epilepsy and epilepsy duration are shown in means (standard
deviations).
JE: Japanese encephalitis; NA: not available. *P < 0.05; **P < 0.01.

a represents the ratio of patients with uncontrolled seizure under at least 2 standardized regimens.

W. Xiong, et al. Seizure: European Journal of Epilepsy 72 (2019) 49–53

50



epilepsy and three (6.25%) patients had SE during the chronic epilepsy
course. Among those for whom neuroimaging data were available
(n=45), 12 (26.67%) had no obvious abnormality. The temporal lobe
(10 patients, 22.22%) was the most affected brain region, followed by
the parietal lobe (5 patients, 11.11%), thalamus (5 patients, 11.11%),
and occipital lobe (5 patients, 11.11%). The changes included regional
or diffuse atrophy, gliosis, cystic changes, or T2 signal changes. There
was a notably higher presence of bilateral hippocampal sclerosis (HS) in
the JE group than the control group (13.33% (6/45) vs. 0% (0/50))
(n=6 vs. n= 0) (Table 2).

Thirty-seven patients were on regular medication of more than one
appropriate regimen and 29 (78.38%) had medically uncontrolled sei-
zures. Of the 33 patients with neuroimaging data available, the drug-
resistant rate seemed higher in those with identifiable brain abnorm-
ality (81.48% (22/27) vs. 66.67% (4/6)). After presurgical evaluation
of 16 patients, surgery was suggested for eight, and finally, six patients
underwent surgery (Table 3), of whom one patient had the surgery
performed in another hospital. Three patients were seizure free at the
last visit. The median follow-up length after surgery was 3.41 years (SD,
4.61 years; range, 4 months to 12 years).

4. Discussion

In this study, we compared the clinical features of post-JE epilepsy
to those in non-specific postencephalitic epilepsy, and the most sig-
nificant difference was the longer latency period.

The highest risk of unprovoked seizure after viral encephalitis is
during the first 5 years according to several previous studies [4,5,15].
In a Taiwanese study, the diagnosis of post-encephalitic epilepsy was
made within 6 months of encephalitis in 80% of patients and 3 years in
94.4% of patients [5]. However, the latency in JE seems longer. In our
study, seven (14.58%) patients had an unprovoked seizure in the first 6
months post-JE, and 13 (27.08%) patients had an unprovoked seizure

within 3 years. More than half of the patients had a seizure 5 years after
acute encephalitis. Seizures are common in patients with JE in the acute
stage, but little is known about their recurrence and late chronic epi-
lepsy, probably due to the short follow-up time of such patients. The
reason for the late unprovoked and delayed seizure following JE is
unclear, though neuronal injury results from direct viral cytopathy and
a secondary inflammatory response and contributes to the onset of
epilepsy [16]. To our knowledge, the longest follow-up period was 14
years, but no late-onset seizure was mentioned in this study [8]. Based
on our findings, a longer follow-up of patients with acute JE should be
performed in the future to evaluate the prevalence of secondary epi-
lepsy.

Most patients had focal epilepsy in our study, although after thor-
ough interview and investigation, most were found to be drug resistant,
which was similar to the reports of post-encephalitis epilepsy due to
other viruses [10,11,15]. Compared to the control group in our study,
the seizure type in post-JE epilepsy was also indistinguishable from that
of epilepsy following other viruses.

Three in four patients had abnormal neuroimaging results after the
acute JE infection, and the high rate of abnormal MRI findings was
consistent with previous studies [10,11]. The temporal lobe and hip-
pocampus appear to be primarily involved in MRI positive post-JE
epilepsy. Hippocampal atrophy, hippocampal signal changes, and a
dilated temporal horn were the most frequently diagnosed abnormal-
ities on MRI scans. It has been reported that mesial temporal sclerosis is
associated with CNS infection because the hippocampus is sensitive to a
lack of oxygen and ischemia [10]. Moreover, a study showed a rate of
17.7% patients had temporal lobe and hippocampus involvement with
abnormal MRI in the acute phase of JE encephalitis, with or without
thalami or substantia nigra involvement [17], since there is often
sharing of blood supply by parts of the thalamus and hippocampus
[18,19] and the JE virus might spread from the thalami to the hippo-
campus in a continuous and subclinical way from the onset of infection
of the thalami during acute encephalitis [17,20]. Furthermore, bilateral
HS was notably increased compared to the control group, and the un-
derlying mechanism is unclear, but a possible hypothesis is that insult
of the bilateral hippocampus occurs after insult of the bilateral thalami,
which is a typical clinical feature in JE encephalitis. A previous history
of SE at the acute stage of JE might also contribute to the bilateral HS;
however, due to the lack of detailed previous history of patients we
were unable to evaluate SE during acute encephalitis. Neuroimaging
data for the latent period were scarcely available and so we were unable
to assess how the lesion or damage was caused in our cases. During the
acute stage of JE encephalitis, damage of the thalamus was a remark-
able feature with diagnostic importance. In our study, only five patients
had thalamic lesions during the chronic epilepsy phase, and it is not
clear whether this was related to the seizure. Thus, the physiopatho-
logical mechanisms by which JE causes subsequent epilepsy requires
further study.

It is well known that patients with post-encephalitic epilepsy are
often resistant to medical treatment [16], and temporal lobe epilepsy
might be predictive of a poor seizure outcome [15]. Our study showed
that the drug-resistant rate of post-JE epilepsy and the proportion of
temporal insults were high and comparable to epilepsy following other
types of viral encephalitis. Furthermore, the presence of a detectable
brain lesion appeared to have no impact on AED responsiveness, which
was consistent with the control group and the findings of a previous
study [21].

Previous studies have shown that a favorable surgical outcome
could be achieved in patients with epilepsy compared to those without
encephalitis history if the infection occurs at a younger age or HS was
identified on MRI [10,22–24], which suggests that a surgical outcome
might be influenced by the type of epileptic syndrome or the time of
initial insult rather than the etiology of epilepsy. In our study, three
patients had HS in their presurgical neuroimaging scans, and two ac-
quired a seizure free status. Of the remaining three patients, one

Fig. 1. Latency to the first unprovoked seizure in the JE and control groups.

Table 2
Neuroimaging features of patients in the JE and control groups.

Affected structure Post-JE group n=45 Control group n=50a

Frontal lobe 4, 8.89% 7, 14%
Temporal lobe 10, 22.22% 17, 38%
HS 10, 22.22% 7, 14%
Bilateral HS 6,13.33% 0

Insular lobe 1, 2.22% 6, 12%
Parietal lobe 5,11.11% 9, 18%
Occipital lobe 5,11.11% 2, 4%
Thalamus 5,11.11% 2, 4%
Cerebellum 1, 2.22% 1, 2%
Brainstem 1, 2.22% 0
Negative 12, 26.67% 14, 28%

Data are shown in n, %.
JE: Japanese encephalitis; HS: hippocampal sclerosis.
Data of three patients in the JE group and one patient in the control group were
not available.
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acquired a seizure free status; however, it is difficult to explain the
surgical outcome given the small sample. It seems that prior infection
with JE was not a contraindication for surgery, even in those with a
more diffused lesion. However, the decision regarding surgery in pa-
tients with post-JE epilepsy should be made with great caution since the
infection occurs diffusely in the brain and limited improvement might
be expected in a certain number of patients [21]. Unfortunately, no
patients with MRI negative epilepsy had surgery performed and no
patients had had vagal nerve stimulation in our cohort. A longer follow-
up is needed to explore the outcomes of surgery and other forms of non-
medication therapy in mostly drug-resistant patients with post-JE epi-
lepsy.

Though JE vaccination was included in the national Expanded
Program of Immunization of China and became free and mandatory
from 2008, JE remains the primary cause of viral encephalitis, with
thousands of cases reported annually [25]. The patients in our cohort
all came from an underdeveloped area in southwest China, where the
incidence of JE is much higher than the national average, even after the
start of JE immunization owing to unbalanced economic development
[25]. With such a high incidence of JE, it is important for clinicians and
the government to draw attention to the possible subsequent life-long
burden of JE, which may cause long-term damage to patients and their
families. Thus, further work regarding earlier prophylactic strategies
and potential neuroprotection and anti-epileptogenic management in
the acute encephalitis stage is required.

There are several limitations to our study. Firstly, we enrolled pa-
tients with epilepsy with a history of non-specific viral encephalitis
instead of one particular type of viral encephalitis, since virus testing
was not widely available in the past decades. This means that the
control group comprised a variety of patients. Thus, in future studies, a
more select group of controls should be used to analyze the clinical
difference between groups. Secondly, there was a lack of detailed data
from the acute JE stage, including the existence of SE, which is a
common and important predictor of outcome [26], and so the study is
underpowered to examine the risk of developing post-JE epilepsy and
the association of acute symptoms with long-term outcomes. A further
prospective study is required to answer these questions. Thirdly, some
clinical features of the patients with JE, such as the high prevalence of
drug resistance, in our study may be due to a referral bias since the
study was carried out in a tertiary hospital. Lastly, no intracranial EEG
or stereoelectroencephalography data were available; hence, this study
did not have an extensive presurgical evaluation. Further investigations
to elucidate the exact risk of developing seizures and explore possible
prevention strategies are needed and of great clinical importance.

5. Conclusion

JE is the main cause of viral encephalitis in Asia, and, to the best of
our knowledge, we provide the first descriptive data on the clinical
features and outcomes of chronic post-encephalitic epilepsy following
JE in West China. The latency from the initial encephalitis insult to the
first unprovoked seizure was longer in patients with JE compared to
those with previous reports of other types of viral encephalitis, most
patients had focal epilepsy, and three in fourth had identifiable brain
abnormality, with a tendency of lesions in the temporal lobe. Long-term
outcomes of post-encephalitic epilepsy following JE are rather poor,
and surgery still remains an option for treating drug-resistant epilepsy.

Declaration of Competing Interest

None.

Acknowledgements

This work was supported by grants from the National Natural

Science Foundation of China (Grant No. 81801294), National Key R&D
Program of China (Grant No. 2018YFC1311405), China Postdoctoral
Science Foundation (Grant No. 2017M620427), Postdoctoral Research
Foundation of Sichuan University (Grant No. 2018SCU12038), Post-
Doctor Research Project, West China Hospital Sichuan University China
(Grant No. 2018HXBH023) to WX, and grants from the National
Natural Science Foundation of China (Grant No. 81420108014), 1.3.5
project for disciplines of excellence, West China Hospital, Sichuan
University (Grant No. ZY2017305) to DZ.

References

[1] Bhalla D, Godet B, Druet-Cabanac M, Preux PM. Etiologies of epilepsy: a compre-
hensive review. Expert Rev Neurother 2011;11:861–76.

[2] Misra UK, Kalita J. Seizures in Japanese encephalitis. J Neurol Sci 2001;190:57–60.
[3] Misra UK, Tan CT, Kalita J. Viral encephalitis and epilepsy. Epilepsia 2008;49(Suppl

6):13–8.
[4] Annegers JF, Hauser WA, Beghi E, Nicolosi A, Kurland LT. The risk of unprovoked

seizures after encephalitis and meningitis. Neurology 1988;38:1407–10.
[5] Lee WT, Yu TW, Chang WC, Shau WY. Risk factors for postencephalitic epilepsy in

children: a hospital-based study in Taiwan. Eur J Paediatr Neurol 2007;11:302–9.
[6] Wang H, Liang G. Epidemiology of Japanese encephalitis: past, present, and future

prospects. Ther Clin Risk Manag 2015;11:435–48.
[7] Michael BD, Solomon T. Seizures and encephalitis: clinical features, management,

and potential pathophysiologic mechanisms. Epilepsia 2012;53(Suppl 4):63–71.
[8] Sarkari NB, Thacker AK, Barthwal SP, Mishra VK, Prapann S, Srivastava D, et al.

Japanese encephalitis (JE) part II: 14 years’ follow-up of survivors. J Neurol
2012;259:58–69.

[9] Fisher RS, Acevedo C, Arzimanoglou A, Bogacz A, Cross JH, Elger CE, et al. ILAE
official report: a practical clinical definition of epilepsy. Epilepsia 2014;55:475–82.

[10] Lancman ME, Morris HH. 3rd Epilepsy after central nervous system infection:
clinical characteristics and outcome after epilepsy surgery. Epilepsy Res
1996;25:285–90.

[11] Trinka E, Dubeau F, Andermann F, Bastos A, Hui A, Li LM, et al. Clinical findings,
imaging characteristics and outcome in catastrophic post-encephalitic epilepsy.
Epileptic Disord 2000;2:153–62.

[12] Scheffer IE, Berkovic S, Capovilla G, Connolly MB, French J, Guilhoto L, et al. ILAE
classification of the epilepsies: position paper of the ILAE commission for classifi-
cation and terminology. Epilepsia 2017;58:512–21.

[13] Kwan P, Arzimanoglou A, Berg AT, Brodie MJ, Allen Hauser W, Mathern G, et al.
Definition of drug resistant epilepsy: consensus proposal by the ad hoc Task Force of
the ILAE Commission on Therapeutic Strategies. Epilepsia 2010;51:1069–77.

[14] Wieser HG, Blume WT, Fish D, Goldensohn E, Hufnagel A, King D, et al. ILAE
Commission Report. Proposal for a new classification of outcome with respect to
epileptic seizures following epilepsy surgery. Epilepsia 2001;42:282–6.

[15] Chen YJ, Fang PC, Chow JC. Clinical characteristics and prognostic factors of
postencephalitic epilepsy in children. J Child Neurol 2006;21:1047–51.

[16] Singh TD, Fugate JE, Hocker SE, Rabinstein AA. Postencephalitic epilepsy: clinical
characteristics and predictors. Epilepsia 2015;56:133–8.

[17] Handique SK, Das RR, Barman K, Medhi N, Saharia B, Saikia P, et al. Temporal lobe
involvement in Japanese encephalitis: problems in differential diagnosis. AJNR Am
J Neuroradiol 2006;27:1027–31.

[18] Mohr JP, Steinke W, Timsit SG, Sacco RL, Tatemichi TK. The anterior choroidal
artery does not supply the corona radiata and lateral ventricular wall. Stroke
1991;22:1502–7.

[19] Osborne AG DW, Jacobs J. Normal vascular anatomy. St. Louis, Mo: Mosby-Year
Book, Inc; 1994.

[20] Kalita J, Misra UK, Mani VE, Bhoi SK. Can we differentiate between herpes simplex
encephalitis and Japanese encephalitis? J Neurol Sci 2016;366:110–5.

[21] Trinka E, Dubeau F, Andermann F, Hui A, Bastos A, Li LM, et al. Successful epilepsy
surgery in catastrophic postencephalitic epilepsy. Neurology 2000;54:2170–3.

[22] Marks DA, Kim J, Spencer DD, Spencer SS. Characteristics of intractable seizures
following meningitis and encephalitis. Neurology 1992;42:1513–8.

[23] Lee JH, Lee BI, Park SC, Kim WJ, Kim JY, Park SA, et al. Experiences of epilepsy
surgery in intractable seizures with past history of CNS infection. Yonsei Med J
1997;38:73–8.

[24] O’Brien TJ, Moses H, Cambier D, Cascino GD. Age of meningitis or encephalitis is
independently predictive of outcome from anterior temporal lobectomy. Neurology
2002;58:104–9.

[25] Gao X, Li X, Li M, Fu S, Wang H, Lu Z, et al. Vaccine strategies for the control and
prevention of Japanese encephalitis in Mainland China, 1951-2011. PLoS Negl Trop
Dis 2014;8:e3015.

[26] Kalita J, Nair PP, Misra UK. Status epilepticus in encephalitis: a study of clinical
findings, magnetic resonance imaging, and response to antiepileptic drugs. J
Neurovirol 2008;14:412–7.

W. Xiong, et al. Seizure: European Journal of Epilepsy 72 (2019) 49–53

53

http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0005
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0005
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0010
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0015
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0015
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0020
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0020
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0025
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0025
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0030
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0030
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0035
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0035
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0040
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0040
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0040
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0045
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0045
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0050
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0050
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0050
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0055
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0055
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0055
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0060
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0060
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0060
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0065
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0065
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0065
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0070
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0070
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0070
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0075
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0075
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0080
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0080
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0085
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0085
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0085
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0090
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0090
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0090
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0095
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0095
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0100
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0100
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0105
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0105
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0110
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0110
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0115
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0115
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0115
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0120
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0120
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0120
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0125
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0125
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0125
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0130
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0130
http://refhub.elsevier.com/S1059-1311(19)30321-8/sbref0130

	Chronic post-encephalitic epilepsy following Japanese encephalitis: Clinical features, neuroimaging data, and outcomes
	Introduction
	Materials and methods
	Study design
	Demographic and clinical information
	Surgery evaluation and outcomes
	Statistical analysis

	Results
	Discussion
	Conclusion
	mk:H1_10
	Acknowledgements
	References




