
Xinghua et al. BMC Neurology           (2020) 20:88 
https://doi.org/10.1186/s12883-019-1521-1
RESEARCH ARTICLE Open Access
The clinical value of long - term

electroencephalogram (EEG) in seizure -
free populations: implications from a cross-
sectional study
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Abstract

Backgroud: This study aimed to explore the clinical value of long - term electroencephalogram (LTM EEG) in
seizure-free individuals taking antiepileptic drugs (AEDs) for more than 2 years. We try to look for clinical factors
associated with epileptiform activity on LTM EEG in seizure free patients. We hope that the detection of
epileptiform activity by the LTM EEG recording can develop the better treatment strategy.

Methods: The LTM EEG recordings of 770 individuals with a definite diagnosis of epilepsy were assessed. Two
hundred sixty-two individuals accorded with the inclusion criteria and exclusion criteria. We collect the
demographic and clinical information and LTM EEG data of these 262 individuals. We analysed the data by one-way
analysis of variance and Cox proportional hazards models.

Results: We found that more epileptiform activity were found with LTM EEG recording than regular EEG recording
in seizure-free individuals. We found several clinical factors could be associated with epileptiform activity on LTM
EEG in seizure free patients by a one-way analysis: symptomatic or cryptogenic epilepsy [hazard ratio (HR) = 2.6],
history of cerebral trauma (HR = 7.5), and abnormal imaging findings (HR = 3.1). The following factors suggested a
correlation between history of cerebral trauma (HR = 2.4) and history of cerebral surgery (HR = 3.4) with epileptiform
activity on LTM EEG presentation by multivariate logistic regression analysis.

Conclusions: The study indicated a correlation of a number of factors with abnormal LTM EEG presentation:
symptomatic or cryptogenic epilepsy, history of cerebral trauma, history of cerebral surgery, and abnormal imaging
findings. The LTM EEG recording may help find epileptiform activity in high risk seizure-free individuals. The
individuals need be reevaluated the therapeutic strateagies, and increase the hope to reach real seizure-free.
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Introduction
Epilepsy is a chronic disease need long-term manage-
ment. The probability of remaining seizure-free after
treatment discontinuation is about 70% at 2 years [1].
There are still about 30% patients couldn’t get seizure-
free, and approximately 20–57% individuals would have
a seizure relapse in seizure-free patients [2–4]. Quite a
lot of individuals with epilepsy recurrence were due to
factors such as taking multiple AEDs, hippocampal
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atrophy [5], focal epilepsy, multiple types of seizures,
focal epileptiform abnormalities on electroencephalogra-
phy(EEG) presentation, and especially increased EEG ab-
normalities during or after AED discontinuation [2, 6].
Of these factors, only epileptiform activity could be
monitored by long - term electroencephalogram (LTM
EEG), which is sensitive to detect epileptiform activity.
Therefore, it is necessary to follow up LTM EEG record-
ing during long-term epilepsy management process and
then adopt an appropriate drug withdrawal scheme for
patients.
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The LTM EEG recording includes ambulatory EEG
(AEEG) and video LTM EEG (VEEG). They have a
higher sensitivity and lower false-negative rate compared
with regular EEG recording. They are more sensitive to
detect epileptiform activity than the regular EEG [7, 8].
AEEG also has the benefit of home recording for moni-
toring, and VEEG can help doctors distinguish nocturnal
seizure or artifact [9]. The LTM EEG help to detect sub-
clinical episode, improve the diagnosis rate of epilepsy
and obtain the real world evidence. Therefore, it is ne-
cessary to follow up LTM EEG recording during long-
term epilepsy management process and then adopt an
appropriate drug withdrawal scheme for patients. The
role of LTM EEG recording in determining AED treat-
ment or predicting the relapse risk has been evaluated in
multiple studies [10, 11]. However, there have few re-
searches been done on the risk factors of LTM EEG re-
cording in seizure-free patients. Only one study showed
female, delayed therapy, longer duration of intractability
may have the relationship with abnormal ambulatory
EEG presentation [12].
This cross-sectional study aimed to explore the clinical

value of LTM EEG presentation in seizure-free individ-
uals taking antiepileptic drugs (AEDs) for more than 2
years. Thus we hope that the detection of sub-clinical
episode by the LTM EEG recording can develop the bet-
ter treatment strategy and help patients obtain real
seizure-free.

Patients and methods
All patients were recruited from the Department of
Neurology at Xinhua Hospital affiliated to Shanghai Jiao
Tong University School of Medicine, Shanghai, China.
Follow-up assessments of 770 epilepsy inpatients from
the epilepsy center database were conducted from Janu-
ary 1, 2010, to December 31, 2016. Of these, 262 individ-
uals accorded with the inclusion criteria and exclusion
criteria. We followed up these patients in the inpatient
ward or outpatient department, and we followed up
them at least 2 yrs. All the individuals enrolled were
seizure-free, and they did LTM EEG recording per 6-12
months. The data were collected from January 1, 2017,
to June 1, 2017. These assessments were conducted by
the epilepsy physician.

Inclusion criteria
The inclusion criteria were as follows: (1) between 8 and
80 years of age; (2) a history of seizures according to the
1981 classification system of the International League
Against Epilepsy (ILAE 1981, 3) diagnostic criteria for
epilepsy:①At least two unprovoked (or reflex) seizures
occurring greater than 24 h apart; ②One unprovoked
(or reflex) seizure and a probability of further seizures
similar to the general recurrence risk (at least 60%) after
two unprovoked seizures, occurring over the next 10
years; (4) had received continuous treatment with a
stable dose of one or more different AEDs; and (5) re-
ported to be taking AEDs for at least 2 years and being
seizure-free for at least 2 years.

Exclusion criteria
The exclusion criteria were as follows: (1) younger than
8 or older than 80 years of age; (2) a history of irregular
AED treatment; (3) had stopped taking AEDs; (4) lost
contact during follow-up; (5) unable to complete LTM
EEG recording; and (6) medical records missing.

Demographic and clinical information
Data on age at onset of seizures, age, gender, course of
disease, seizure-type classification, history of febrile con-
vulsions, history of postpartum anoxic, history of cere-
bral trauma, history of cerebral surgery, family history of
epilepsy, abnormal LTM EEG presentation, brain abnor-
malities revealed by neuroradiological assessment (com-
puted tomography/magnetic resonance imaging),
number and type of AEDs taken, and seizure-free period
were collected.
An abnormal LTM EEG presentation was considered

to ictal activity, include spikes, sharp waves, polyspikes,
spike-and-slow waves, sharp-and-slow waves and
polyspikes-and-slow waves without clinical seizures in
this study (Fig. 1).
Brain abnormalities included brain tumors, cortical

dysplasia, tuberous sclerosis, encephalitis, brain injuries,
cerebral infarction, and cerebral hemorrhage.

Statistical analysis
The data were processed using the SPSS statistical pack-
age (SPSS, IL, USA). The demographic and clinical char-
acteristics of the patients were evaluated using the
Student t test for continuous variables and the χ2 test for
categorical variables. Logistic regression and Cox pro-
portional hazards models were used to identify clinical
factors associated with epileptiform activity on LTM
EEG presentation. Hazard ratios (HRs) and 95% confi-
dence intervals (CIs) were derived from Cox propor-
tional hazard models. Logistic regression and Cox
models met the assumption of proportionality of risks.

Results
Demographic and clinical characteristics
A total of 770 individuals were enrolled, and their
AEEG/VEEG was followed up between January 1, 2010,
and December 31, 2016. Of these, 357 individuals
(46.4%) had been seizure-free for more than 2 years. Of
these seizure-free patients, 262 individuals (73.4%) (121
females and 141 males, Table 1) still took AEDs, includ-
ing 68 with VEEG recording and 194 with AEEG



Fig. 1 Abnormal LTM presentation (ictal activity)
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recording. Further, 262 individuals had done more than
one LTM EEG recording, and 75 still had abnormal EEG
presentation. The mean seizure-free duration in these indi-
viduals was 49.0 ± 29.0months; it was 50.7 ± 31.5months in
individuals with abnormal EEG presentation and 48.4 ±
28.0months in individuals with normal EEG presentation.
The average age at onset of all 262 individuals was 13.7 ±
12.7 years; it was 12.4 ± 11.7 years in individuals with abnor-
mal EEG presentation and 14.3 ± 13.1 years in individuals
with normal EEG presentation. The duration of disease in
all 262 individuals was 84.6 ± 55.9months; it was 90.3 ±
74.8months in individuals with abnormal EEG presentation
and 82.3 ± 46.3months in individuals with normal EEG
presentation. Of these, 83 individuals had taken one kind of
AED, whereas 179 had taken more than one kind of AED.
The general characteristics and clinical features of the indi-
viduals are shown in Table 1.
One-way analysis of variance
The following factors could contribute to the abnormal
EEG presentation by one-way analysis of variance
(ANOVA): (1) symptomatic epilepsy; (2) patients with a
history of cerebral trauma; (3) patients with a history of
cerebral surgery; (4) patients with a family history of epi-
lepsy; and (5) patients with abnormal imaging findings
(P = 0.001, 0.0001, 0.0001, 0.044, and 0.0001 respectively)
(Table 2).



Table 1 Demographic and clinical characteristics in patients seizure-free ≧2 years
Variable All

(n = 262)
a = abnormal EEG presentation
(n = 75)

b = normal EEG presentation
(n = 187)

Gender(male: female) 141:121 40:35 101:86

Ageðx � s; yearÞ 21.7 ± 13.1 20.2 ± 12.9 22.3 ± 13.1

Age at onsetðx � s; yearÞ 13.7 ± 12.7 12.4 ± 11.7 14.3 ± 13.1

Course of disease (month) 84.6 ± 55.9 90.3 ± 74.8 82.3 ± 46.3

Seizure type classification

Idiopathic epilepsy(%) 191 (72.9) 43 (57.3) 148 (79.1)

Symptomatic/ Cryptogenic epilepsy(%) 71 (27.1) 32 (42.7) 39 (20.9)

History of febrile convulsions(%) 32 (12.3) 10 (13.5) 22 (11.8)

History of postpartum anoxic 8 (3.1) 3 (4.1) 5 (2.7)

History of cerebral trauma 13 (5.0) 10 (13.5) 3 (1.6)

History of cerebral surgery 6 (2.3) 6 (8.1) 0

Family history of epilepsy(%) 8 (1.6) 5 (6.8) 3 (3.1)

Imaging findings(%) 29 (11.2) 18 (25.0) 11 (5.9)

Number of AEDs≧1(%) 43 (16.4) 16 (21.3) 27 (14.4)

Seizure-free period ðx � s;monthÞ 49.0 ± 29.0 50.7 ± 31.5 48.4 ± 28.0
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Other factors, such as history of febrile convulsions,
history of postpartum anoxia, and number of AEDs
taken by the patients did not show a statistically signifi-
cant correlation with abnormal EEG presentation.
Cox proportional hazard ratios
Two factors were found to have a correlation with LTM
EEG presentation: (1) history of cerebral trauma (p =
0.019, HR = 2.42, 95% CI = 1.16–5.04, 2) history of cere-
bral surgery (p = 0.011, HR = 3.36, 95% CI = 1.31–8.6)
(Table 3 and Fig. 2). Another two factors having a ten-
dency to influence LTM EEG presentation were as fol-
lows: (1) abnormal imaging findings (p = 0.053, HR =
1.86, 95% CI = 0.99–3.5, 2) symptomatic/cryptogenic epi-
lepsy (p = 0.08, HR = 1.61, 95% CI = 0.94–2.75) (Table 3).
Discussion
The aim of following up long-term EEG is to detect ictal
activities and then adjust AED treatment for reducing
Table 2 Risk of abnormal EEG findings in patients seizure-free ≧2 ye

Variable All
(n = 262)

a = abnormal EEG p
(n = 75)

Seizure type classification

Idiopathic epilepsy(%) 191 (72.9) 43 (57.3)

Symptomatic/ Cryptogenic epilepsy(%) 71 (27.1) 32 (42.7)

History of cerebral trauma 13 (5.0) 10 (13.5)

History of cerebral surgery 6 (2.3) 6 (8.1)

Family history of epilepsy(%) 8 (1.6) 5 (6.8)

Imaging findings(%) 29 (11.2) 18 (25.0)
a Statistically significant
the risk of relapse in seizure-free individuals. In the
present study, we found that more epileptiform activity
were found with LTM EEG recording than regular EEG
recording in seizure-free individuals. Individuals with
symptomatic/ cryptogenic epilepsy, or history of cerebral
trauma, or abnormal imaging findings tend to have
higher risk of abnormal LTM EEG presentation.
Three hundred fifty-seven individuals (46.4%) reached a

seizure-free status in ≧2 years. Further, 262 individuals still
continuously taking AEDs were enrolled. The remaining 95
seizure-free individuals did not take any AEDs. Although in
these 262 individuals had a seizure-free status, 75 individuals
(28.6%) had abnormal LTM EEG presentation. Several
studies reported that 10–20% of seizure-free patients had an
epileptic discharge in regular EEG recording [13–17]. The
study showed that the LTM EEG recording is more sensitive
to detect epileptiform activity than the regular EEG
recording. Thus, we tend to get the point that LTM EEG
has the advantage of monitoring in seizure-free individuals.
It may help assess the recurrence risk after seizure [18].
ars: one way ANOVA analysis

resentation b = normal EEG presentation
(n = 187)

T/χ2 value(a vs b) P value

148 (79.1) 12.9 0.001 a

39 (20.9)

3 (1.6) 15.6 0.001 a

0 (0) 15.4 0.001 a

3 (3.1) 4.7 0.044 a

11 (5.9) 19.0 0.001 a



Table 3 Risk of abnormal EEG seizure-free ≧2 years: Cox proportional hazard ratios

Variable B SE Wald Sig. Exp(B) 95.0% CI

History of cerebral trauma 0.88 0.38 5.5 0.019 a 2.4 1.2–5.0

History of cerebral surgery 1.2 0.48 6.4 0.011 a 3.4 1.3–8.6

Symptomatic/ Cryptogenic epilepsy(%) 0.48 0.27 3.1 0.080 b 1.6 0.94–2.8

Imaging findings(%) 0.62 0.32 3.8 0.053 b 1.9 0.99–3.5

History of febrile convulsions(%) 0.20 0.38 0.28 0.60 1.2 0.58–2.6

History of postpartum anoxic 0.87 1.02 0.73 0.39 2.4 0.043–13.7
a Statistically significant
b Tendency for statistical significance
B:Regression coefficient
SE:Standard error
Sig:Significance
Exp(B):OR, Odds ratio
95.0% CI:95.0% confidence interval
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EEG presentation is a commonly explored risk factor for
relapse during AED treatment, especially following drug
withdrawal. A previous report found that patients who did
not undergo EEG follow-up examinations were usually re-
lated to a high recurrence rate following AED withdrawal
[21]. Although these patients seem to be seizure-free, they
might have experienced epileptiform activity. The LTM
EEG recording may help find epileptiform activity and
avoid seizure relapse.
The present study demonstrated that seizure-free patients

with symptomatic epilepsy or abnormal imaging findings
Fig. 2 Risk of abnormal EEG seizure-free ≧2 years: Cox proportional hazard
might have abnormal LTM EEG presentation. The study
found 71 (27.1%) individuals having symptomatic epilepsy.
Of these, patients with posttraumatic or postoperative epi-
lepsy occupied a major position. Some studies found symp-
tomatic etiology to be associated with an increased relative
risk of relapse after AED withdrawal [7]. LTM EEG record-
ing was helpful to detect the epileptiform activity and then
adjust AED treatment for reducing the risk of relapse.
This study found that patients with posttraumatic epi-

lepsy had 2.42 (95% CI 1.16–5.04) times abnormal EEG
presentation compared with others. Abnormal EEG
ratios
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activity could predict seizure recurrence during AED
therapy [22]. Even though the sample size in the present
study was small, 10 (76.9%) patients with posttraumatic
epilepsy were found to have abnormal EEG during long-
term recording. The result agreed with other reports
[23, 24] using continuous EEG recording and indicated
that abnormal EEG disturbances were common. Proin-
flammatory cytokines, such as interleukin (IL)-1a and
IL-1b, are implicated in the molecular cascade leading to
neuronal injury after brain trauma. These patients are
prone to have focal glial hyperplasia after 3 months or
more [25–27]. Therefore, epileptiform discharges are in-
duced, leading to drug-resistant epilepsy [28]. Conse-
quently, patients with posttraumatic epilepsy should
continue their AEDs to decrease the risk of seizure re-
lapse for a longer time.
The present study found that patients with postopera-

tive epilepsy had 3.36 (95% CI 1.31–8.6) times abnormal
EEG presentation compared with others. Epileptiform
discharges often occur beside the surgical site due to
cortical injury and gliosis. The long-term prognosis of
patients with epilepsy after cortical injury was good.
However, LTM EEG should be followed up to decrease
the risk of seizure relapse.
This study also demonstrated that the following fac-

tors did not predict greater susceptibility to LTM EEG
presentation: age at onset of epilepsy, family history of
epilepsy, history of febrile convulsions, severity of epi-
lepsy before initiating AED treatment, seizure frequency,
number of AEDs taken, and seizure-free period.
The result suggested no significant difference in pa-

tients who took one kind of AEDs or more. Patients
who took two or more than two kinds of AEDs usually
had refractory epilepsy previously. One study reported
that the risk for relapse after a 24-month period of seiz-
ure remission was 46.7% at 3 years in a drug-resistant
epileptic population [7]. A number of patients had abnor-
mal EEG presentation. Despite seizure remission for a long
time, they had a higher recurrence rate even if they still
continued previous therapy. Thus, LTM EEG monitoring is
necessary for these patients who took two or more AEDs.
Although the patients were seizure-free for more than 2
years and had normal EEG presentation, they were advised
to continue their AEDs for a longer time. A prospective
study is ongoing aiming to provide more clinical hints.
This study had several limitations. First, it was a cross-

sectional study. Therefore, prospective studies are
needed to identify prognostic risk factors. Second, the
patient population was small, making it difficult to assess
less common potential risk factors, such as symptomatic
etiology and AED type. Third, current LTM EEG record-
ing is still not satisfactory. A more convenient and ac-
curate EEG recording, such as video ambulatory EEG
[29–31], should be applied in future prospective studies.
Conclusions
LTM EEG was valuable of recording epileptiform dis-
charges. The present study indicated that seizure-free
patients with symptomatic epilepsy or abnormal imaging
findings might have higher risk of abnormal LTM EEG
presentation than those without symptomatic epilepsy or
abnormal imaging findings. Of these, individuals with
posttraumatic or postoperative epilepsy occupy a major
position. These individuals need reevaluate the thera-
peutic strateagies and increase the hope to reach real
seizure-free. The aim of following up LTM EEG is to de-
tect the epileptiform activity and then adjust AED treat-
ment for reducing the risk of relapse in seizure-free
individuals.

Abbreviations
AED: Antiepileptic drug; AEEG: Ambulatory EEG; ANOVA: One-way analysis of
variance; CI: Confidence interval; EEG: Electroencephalogram; HR: Hazard
ratio; VEEG: Video LTM EEG

Acknowledgements
All authors offered me valuable help in thesis writing. I would like to give my
sincere gratitude to them. I would also acknowledge the funding from the
National Natural Science Foundation of China (No. 81601127).

Authors’ contributions
All authors did lots of efforts to this study. XHT designed the original study
and wrote the manuscript. XHT, LL,YRW and QYF included the patients and
analysed the data; ZP and ZGL revised the manuscript and supervised the
study. All authors gave their final approval to the study to be published and
agree to be accountable for all aspects of the work.

Funding
The study was supported by a grant from the National Natural Science
Foundation of China (No. 81601127).

Availability of data and materials
Characteristics of study population are included in the Tables and figure.
Further data set could be obtained on request if required. Our data are
deposited in our epilepsy center database.

Ethics approval and consent to participate
The project “The study of clinical characters and relapse risk factors in
Seizure-free Patients” was according to the ministry of health “involves
people of biomedical research ethics review method (trial) (2007)”,and per-
formed in accordance with the ethical standards laid down in the 1964 Dec-
laration of Helsinki. In this study, subjects’ rights and interests are fully
protected. There is no potential risk to the subjects. The board of ethics com-
mittee “Xinhua Hospital Ethics Committee Affiliated to Shanghai Jiaotong
University School of Medicine” agreed to the study work as planned. The
study is a retrospective study. We obtain permission to access all the patients
records from Xinhua Hospital Epilepsy Centre Database.

Consent for publication
All participants and author provided written consent for publication.

Competing interests
The authors declare that they have no competing interests.

Received: 20 November 2017 Accepted: 31 October 2019

References
1. Verrotti A, et al. Antiepileptic drug withdrawal in childhood epilepsy: what

are the risk factors associated with seizure relapse? Eur J Paediatr Neurol.
2012;16(6):599–604.



Xinghua et al. BMC Neurology           (2020) 20:88 Page 7 of 7
2. Aktekin B, et al. Withdrawal of antiepileptic drugs in adult patients free of
seizures for 4 years: a prospective study. Epilepsy Behav. 2006;8(3):616–9.

3. Bonnett LJ, et al. Seizure recurrence after antiepileptic drug withdrawal and
the implications for driving: further results from the MRC antiepileptic drug
withdrawal study and a systematic review. J Neurol Neurosurg Psychiatry.
2011;82(12):1328–33.

4. Tang X, et al. Risk factors for seizure reoccurrence after withdrawal from
antiepileptic drugs in individuals who have been seizure-free for over 2
years. PLoS One. 2017;12(8):e0181710.

5. Cardoso TA, et al. Hippocampal abnormalities and seizure recurrence after
antiepileptic drug withdrawal. Neurology. 2006;67(1):134–6.

6. Specchio LM, Beghi E. Should antiepileptic drugs be withdrawn in seizure-
free patients? CNS Drugs. 2004;18(4):201–12.

7. Callaghan B, et al. Remission and relapse in a drug-resistant epilepsy
population followed prospectively. Epilepsia. 2011;52(3):619–26.

8. Munoz-Almaraz FJ, et al. Supervised filters for EEG signal in naturally
occurring epilepsy forecasting. PLoS One. 2017;12(6):e0178808.

9. Popkirov S, et al. Diagnosing psychogenic nonepileptic seizures: video-EEG
monitoring, suggestive seizure induction and diagnostic certainty. Epilepsy
Behav. 2017;73:54–8.

10. Stagi S, et al. Cessation of epilepsy therapy in children. Expert Rev
Neurother. 2016;16(5):549–59.

11. Gesell FK, et al. Antiepileptic drug withdrawal in dogs with epilepsy. Front
Vet Sci. 2015;2:23.

12. Wang L, et al. The characteristics and related influencing factors of
ambulatory EEGs in patients seizure-free for 3-5 years. Epilepsy Res. 2012;
98(2–3):116–22.

13. Britton JW. Significance of the EEG and epileptiform abnormalities in
antiepileptic drug discontinuance. J Clin Neurophysiol. 2010;27(4):249–54.

14. Acharya UR, et al. Application of recurrence quantification analysis for the
automated identification of epileptic EEG signals. Int J Neural Syst. 2011;
21(3):199–211.

15. Wang L, et al. The characteristics and related influencing factors of
ambulatory EEGs in patients seizure-free for 3-5 years. Epilepsy Res. 2012;
98(2–3):116–22.

16. Kwan P, Brodie MJ. Early identification of refractory epilepsy. N Engl J Med.
2000;342(5):314–9.

17. Verrotti A, et al. Risk factors for recurrence of epilepsy and withdrawal of
antiepileptic therapy: a practical approach. Ann Med. 2003;35(3):207–15.

18. Chen T, et al. The value of 24-hour video-EEG in evaluating recurrence risk
following a first unprovoked seizure: a prospective study. Seizure. 2016;40:
46–51.

19. Khan RB, Onar A. Seizure recurrence and risk factors after antiepilepsy drug
withdrawal in children with brain tumors. Epilepsia. 2006;47(2):375–9.

20. Overweg J, et al. Clinical and EEG prediction of seizure recurrence following
antiepileptic drug withdrawal. Epilepsy Res. 1987;1(5):272–83.

21. Ronne-Engstrom E, Winkler T. Continuous EEG monitoring in patients with
traumatic brain injury reveals a high incidence of epileptiform activity. Acta
Neurol Scand. 2006;114(1):47–53.

22. Claassen J, et al. Detection of electrographic seizures with continuous EEG
monitoring in critically ill patients. Neurology. 2004;62(10):1743–8.

23. Irimia A, Van Horn JD. Epileptogenic focus localization in treatment-resistant
post-traumatic epilepsy. J Clin Neurosci. 2015;22(4):627–31.

24. Gupta PK, et al. Subtypes of post-traumatic epilepsy: clinical,
electrophysiological, and imaging features. J Neurotrauma. 2014;31(16):
1439–43.

25. Ping X, Jin X. Chronic posttraumatic epilepsy following neocortical undercut
lesion in mice. PLoS One. 2016;11(6):e0158231.

26. Keret A, et al. Posttraumatic epilepsy: long-term follow-up of children with
mild traumatic brain injury. J Neurosurg Pediatr. 2017;20(1):64–70.

27. Kandler R, Ponnusamy A, Wragg C. Video ambulatory EEG: a good
alternative to inpatient video telemetry? Seizure. 2017;47:66–70.

28. Manfredonia F, Lawley A, Cavanna AE. Impact of video-ambulatory
electroencephalography on the medical management of epilepsy. J Neurol
Sci. 2016;365:139–42.

29. Kandler R, Ponnusamy A, Wragg C. Video ambulatory EEG: a good
alternative to inpatient video telemetry? Seizure. 2017;47:66–70.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


	Abstract
	Backgroud
	Methods
	Results
	Conclusions

	Introduction
	Patients and methods
	Inclusion criteria
	Exclusion criteria
	Demographic and clinical information
	Statistical analysis

	Results
	Demographic and clinical characteristics
	One-way analysis of variance
	Cox proportional hazard ratios

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

