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Postoperative seizure outcome and 
timing interval to start antiepileptic 
drug withdrawal: A retrospective 
observational study of non-
neoplastic drug resistant epilepsy
Le Zhang1, Xin-Yue Jiang1, Dong Zhou1, Heng Zhang2, Shi-Min Bao1,3 & Jin-Mei Li1

This study aimed to investigate the impact of timing interval to start AED withdraw (TIW) after surgery 
on the seizure outcome in non-neoplastic drug resistant epilepsy (DRE). TIW were divided into three 
groups (respectively,<1 year, 1-<2 years, and ≥2 years). The seizure outcome at the different time 
points after starting AED withdrawal were compared among three groups. Other factors that related 
to seizure recurrence and TIW were included into the multiple analysis to investigate the predictors 
of seizure-free. Altogether, 205 patients were involved in the study. 102 individuals (50%) had seizure 
recurrence and 127 (62%) had seizure-free at the final follow up. 115 of them have attempted AED 
reduction and had not seizure recurrence before AED reduction. The rate of seizure-free had no 
significant difference among people with different TIW. Multiple analysis indicated that temporal 
surgery is a favorable predictor of seizure-free at the first year after starting AED withdrawal, and 
preoperative secondary generalized seizures is an unfavorable predictor of seizure-free at the final 
follow up. In patients with non-neoplastic DRE, TIW is not the mainly influence factor on seizure 
outcome, however, preoperative secondary generalized seizures and extra-temporal surgery are 
negatively associated with seizure-free.

Surgery is an effective treatment for patients with drug resistant epilepsy (DRE), and previous studies indicated 
that among people with poorly controlled epilepsy, patients who underwent surgery often had better control of 
seizure than those with medical therapy1–4. In these studies, surgery was proved to be of great benefit to patients 
with DRE either seizure freedom or quality of life.

In order to reduce the risk of seizure recurrence, patient with DRE frequently were recommended to continue 
to take AED until seizure free for two years after surgery5. However, the ideal outcome of surgery for epilepsy 
is to discontinue antiepileptic drugs (AED) without any seizure attack6. As early AED withdrawal at no cost of 
seizure outcome not only reduce the financial burden of patients but also is beneficial to neurodevelopment7,8, 
some other researchers put forward to start AED reduction before 2 years after surgery with completed seizure 
control9. Nevertheless, as for optimum timing to taper AED after surgery, survey of epileptologists showed that 
the duration for AED treatment after surgery were wildly different, ranging from less than one year to more than 
two years and no standardized guidelines exist10–12. How to find the suitable time point of AED withdrawal is 
difficult and controversial.

In previous studies, results about the time of AED withdrawal and seizure outcome are conflict. Some studies 
indicated that early reduction of AED increase the risk of relapse and is associated to lower rate of seizure free13,14, 
however, other studies showed that early AED withdrawal was not associated with seizure recurrence and had 
no affection on long-term seizure outcome15–17. Therefore, time point of withdrawing AED is a controversial 
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but meaningful issue. However, most of previous studies included individuals with various pathological result, 
including tumor, which often had poorer outcome than those with non-tumor-associated epilepsy18, and few 
study specially focused on non-neoplastic DRE. This study aimed to assess the association between different time 
point of starting AED withdrawal and seizure outcome after epilepsy surgery in patients with non-neoplastic 
DRE.

Materials and Methods
Patients.  We reviewed consecutive patients who underwent epilepsy surgery in West China Hospital form 
January 2010 to December 2014 and selected those patients according to the following criteria. The inclusion 
criteria included: (1) patients who conformed to the diagnosis of drug resistant epilepsy before surgery, defined 
as failure of adequate trials of two tolerated and appropriately chosen and used AED schedules (whether as mon-
otherapies or in combination) to achieve sustained seizure freedom19; (2) patients whose pathological result pre-
sented non-neoplastic lesions; (3) patients who were followed up at least two years after surgery. The exclusion 
criteria included: (1) patients with previous epilepsy resectional surgery history; (2) patients who underwent 
hemispherectomy. Demographic characters, previous history, preoperative seizure type, MRI findings, surgery 
information, pathological results and medical strategies were collected from our database. Additional data, 
including adjusting strategy of AED and seizure frequency after surgery were obtained through telephone contact 
and outpatient clinic visits. And patients who had tried to reduce or discontinue AED after surgery were selected 
for further analyses about timing interval to start AED withdrawal (TIW) or timing interval to discontinue AED 
(TID) and seizure outcome, except patients who had postoperative seizure recurrence before AED reduction and 
who reduce or discontinue AED on their owns, even though seizure haven’t been controlled.

Standard protocol, approval and consent.  The study was approved by the Ethical Committee of 
West China Hospital, Sichuan University, on human experimentation protocols. Written informed consent was 
obtained from patient or their direct relatives. All methods were performed in accordance with the relevant 
guidelines and regulations.

Measurement of AED and Seizure Outcome.  Tapering AED were performed according to patients’ 
intention and physicians’ suggestion. The daily drug load was calculated as truly daily dose/defined daily dose 
(DDD). The DDD reflects the ‘assumed average maintenance dose per day for a drug used for its main indication 
in adults’ (http://www.whocc.no/atc_ddd_index/). The daily drug load was compared with the baseline (during 
surgery). A decrease of at least 10% was considered to be drug reduction, an increase of at least 10% was consid-
ered to be dose added, and minor changes between −10% and +10% were regarded as unchanged17,20. And if one 
kind of AED was replaced by another AED due to adverse side effect or poor efficacy, we didn’t regard it as reduc-
tion. TIW was divided as less than 1 year (<1 year), at least 1 year but less than 2 years (1-<2 years), and at least 
2 years (≥2 years). Seizure outcome was identified according to International League Against Epilepsy (ILAE) 
classification21 and was evaluated at the first, second and third year after starting AED withdrawal and at the last 
follow up. Seizure-free was defined as having not epileptic seizure (ILAE class 1) at least one year with or without 
AED before the follow-up time. Seizure recurrence was defined as epileptic seizure reoccur again after surgery.

Statistical analysis.  Statistical analyses were performed using SPSS version 21.0. The rate of seizure-free 
among individuals with different TIW and TID is analyzed by Chi-squared test or Fisher’s exact test. To identify 
which factors are possibly related to seizure recurrence, univariate analyses are also performed in gender, age of 
onset, age at surgery, duration of epilepsy, location of surgery, side of surgery, preoperative seizure type, previ-
ous history, MRI results, number of AED immediately after surgery, and pathological results among individuals 
with seizure recurrence and those without. Age of onset, age at surgery, and duration of epilepsy are analyzed 
as continuous variables, number of AED immediately after surgery is analyzed as ranked data, and others are 
analyzed as categorical variables. The Wilcoxon test is used for continuous variables and ranked data, and the 
Chi-squared test is used for categorical variables. Factors that have significant difference between people with and 
without seizure recurrence in univariate analyses and TIW are included into multiple logistic regression models 
of seizure-free at the first, second and third year after starting AED withdrawal and at the final follow up. P val-
ues < 0.05 (two-sided) are considered to be significant.

Result
From January 2010 to December 2014, a total of 477 people underwent surgery in West China Hospital and 205 
of them with a 54 months median follow up duration (inter-quartile range [IQR] 39–64.5 months, range from 24 
to 80 months) were included in this study according to our include and exclude criteria (Fig. 1).

Median age at onset of epilepsy was 15 years old (IQR 9–20.5 years, range from 3 months to 60 years), median 
duration of epilepsy was 9 years (IQR 4–15 years, range from 0.5 to 32 years), and median age at surgery was 24 
years old (IQR 19–33.5 years, range from 4 to 63 years). 127 patients (62%) underwent temporal surgery and 78 
patients (38%) received extra-temporal surgery including 39 frontal, 9 parietal, 4 occipital, 16 in border area of 
two or three lobes and 10 had multiple lobes surgery. Before surgery, 55 patients (27%) only had focal seizures 
without secondary generalized seizures. And 34 patients (17%) had febrile convulsion history, 35 patients (17%) 
had brain trauma history, 23 patients had other disease history, including birth hypoxia, encephalitis and men-
ingitis. 177 patients (86%) had abnormal MRI results. The pathological results of 89 people showed hippocampal 
sclerosis, 34 people showed vascular malformation, 33 people showed glial scar, and 49 people showed other 
results including focal cortical dysplasia, gliosis, evidence of inflammation, and normal. At the final follow up, 
127 people (62%) had seizure-free.

http://www.whocc.no/atc_ddd_index/
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Factors that are related to seizure recurrence.  During the follow-up duration, a total of 102 people 
(50%) had seizure recurrence during the follow up, the recurrent rate in 1 month after surgery is 17%, and with 
24%, 30%, and 39% respectively in 6 months, 1 year and 2 years. Univariate analyses indicated that people with 
longer duration of epilepsy before surgery, extra-temporal surgery, and with secondary generalized seizures 
before surgery had higher rate of seizure recurrence after surgery (Table 1).

Timing interval to start AED withdrawal and seizure outcome.  Seventy-seven people did not reduce 
AED during follow up, including 32 increase the AED and 45 unchanged; 13 people have seizure recurrence 
before starting withdrawal of AED; and the pattern of AED withdrawal and seizure outcome for 115 people who 
had not seizure recurrence before reduction of AED was shown in Fig. 1.

Thirty-five people have started reduction of AED during less than one year after surgery, 32 people during 
one to two years, and 48 people maintain the dosage of AED at least two years after surgery. Median TIW is 18 
months (IQR 9–24 months, range from 1 to 52 months). With a median follow up duration of 54 months (IQR 
39–65 months, range from 24 to 79 months) after surgery and 36 months (IQR 15–48 months, range from 0.5 to 
73 months) after start of AED withdrawal, 29 of 115 people (25%) had seizure recurrence during AED withdrawal 
or after AED discontinuation and 13 of 29 (45%) recurrent individuals regain seizure-free at the final follow up. 
109 people had a more than one year follow up duration after starting of AED reduction, 80 people with more 
than two years and 62 people with more than three years. The rate of seizure-free at the first, second and third 
year after starting of AED withdrawal was 79%, 83% and 81%, respectively. At the final follow up, 99 individuals 
(86%) had seizure-free. As shown in Fig. 2A, the rate of seizure-free had no significant difference between groups 
with different TIW at the first or second or third year after starting of AED reduction or at the final follow up 
(p = 0.980, 0.429, 0.840, and 0.941, respectively).

TIW and factors that related to seizure recurrence, which identified by univariate analysis (p < 0.05), were 
included into multiple logistic regression analysis (Table 2). As individuals with shorter TIW tended to had longer 

Figure 1.  Flow diagram of people selection, the pattern of AEDs withdrawal and seizure outcome after surgery.
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follow-up duration after start of AED discontinuation (p < 0.001, median follow-up duration is 54, 39, and 16.5 
months for individuals with TIW <1 year, 1-<2 years, and ≥2 years, respectively), follow-up duration after start 
of AED discontinuation was also included into the multiple analysis at the final follow up. Still none significant 
association was found between TIW and seizure-free at the first or second or third year after starting of AED 
reduction or at the last follow up. However, temporal surgery is a favorable predictor of seizure-free at the first 
year after starting AED reduction. Moreover, with secondary generalized seizures before surgery is an unfavorable 

Variables
Recurrence 
n = 102 (50%)

No-recurrence 
n = 103 (50%) P value

Onset age, years, median (IQR) 14.00 (9.00–20.00) 15.00 (7.00–22.00) 0.905c

Surgery age, years, median (IQR) 23.00 (19.00–34.00) 24.00 (17.00–33.00) 0.362c

Duration of epilepsy, years, median (IQR) 10.00 (5.00–15.00) 7.00 (4.0–13.00) 0.012c

Gender (female) 40 (39%) 46 (45%) 0.430d

Location of surgery <0.001d

   Temporal 49 (48%) 78 (76%)

   Extra-temporal 53 (52%) 25 (24%)

Side of surgery (left) 59 (58%) 52 (50%) 0.290d

Preoperative seizure type 0.020d

   Focal 20 (20%) 35 (34%)

   Secondary generalized 82 (80%) 68 (66%)

Previous history 0.076d

   No 50 (49%) 63 (61%)

   Febrile convulsion 15 (15%) 19 (18%)

   Trauma 21 (21%) 14 (14%)

   Othersa 16 (16%) 7 (7%)

Number of AED immediately after surgery 0.878c

   1 11 (11%) 10 (10%)

   2 84 (82%) 88 (85%)

   ≥3 7 (7%) 5 (5%)

Abnormal MRI 88 (86%) 89 (86%) 0.978d

Pathology 0.209d

   Hippocampal sclerosis 38 (37%) 51 (49%)

   Vascular malformation 17 (17%) 17 (17%)

   Glial scar 21 (21%) 12 (12%)

   Othersb 26 (25%) 23 22%)

Table 1.  Comparisons between individuals with and without seizure recurrence. Abbreviations: AED, 
antiepileptic drug; IQR, inter-quartile range. aOthers including birth hypoxia, encephalitis and meningitis; 
bOthers including focal cortical dysplasia, gliosis, evidence of inflammation, and normal; cWilcoxon test; dChi-
squared test.

Figure 2.  Rate of seizure-free at different follow up point among individuals with different TIW. No significant 
difference was found among three groups with different TIW at different follow up point (Chi-squared test or 
Fisher’s exact test, p > 0.05). Abbreviations: AED, antiepileptic drug; TIW, timing interval to start antiepileptic 
drug withdrawal.
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predictor of seizure-free at the final follow up. 109 people had a more than one year follow up duration after start-
ing of AED reduction, 80 people with more than two years and 62 people with more than three years.

Timing interval to start AED withdrawal, timing interval to discontinue AED and seizure out-
come in people who completed AED discontinuation.  Sixty-nine of 115 individuals (60%) completed 
discontinuation of AED, with 10 people discontinue AED during less than one year after surgery, 11 people 
during one to two years, and 48 people did not discontinue AED until at least two years after surgery. Among 
these people, median TIW is 12 months (IQR 7.5–24 months, range from 1 to 45 months) and median TID is 24 
months (IQR 18–36 months, range from 1 to 66 months). With a median follow up duration of 61 months (IQR 
46–69.5 months, range from 24 to 79 months) after surgery, 40 months (IQR 28–56 months, range from 6 to 73 
months) after start of AED withdrawal, and 28 months (IQR 13.5–42.5 months, range from 5 to 72 months) after 
complete discontinuation of AED, one people had seizure recurrence during withdrawal and reached seizure-free 
without AED at the final follow up and other 12 people had seizure recurrence after AED discontinuation. 6 of 
12 people regain seizure-free at the final follow up, including 2 of them without AED and 4 of them with AED. 68 
and 62 people had a more than one year, 59 and 43 people with more than two years, and 48 and 29 people with 
more than three years follow up duration respectively, after start AED withdrawal and after AED discontinuation. 
The rate of seizure-free at the first, second and third year after start AED withdrawal was 88%, 90% and 90%, 
respectively, and the rate of seizure-free at the first, second and third year after AED discontinuation was 85%, 
91% and 93%, respectively. Additionally, the rate of seizure-free without AED at the first, second and third year 
after AED discontinuation was 85%, 84% and 90%, respectively. At the final follow up, 63 individuals (91%) had 
seizure-free, and 59 of them without AED.

The rate of seizure-free had significant difference between groups with different TIW at the first or second or 
third year after start AED withdrawal at the final follow up (p = 0.405, 0.872, and 1.000, respectively) (Fig. 3A). As 
shown in Fig. 3B, the rate of seizure-free had no significant difference between groups with different TIW at the 
first or second or third year after AED discontinuation at the final follow up (p = 0.555, 1.000, 1.000, and 0.821, 
respectively). Due to the limited sample size of people who completed AED discontinuation and there are less 
than 10 people in group without seizure-free at each follow up time point, multiple logistic regression analysis was 
not conducted among these people.

Discussion
In this study, we have retrospective reviewed the surgery outcome of 205 individuals. Approximate 60% people 
had attempted to withdraw AED with seizure control, and among these, 60% completed AED discontinuation. 
And at the final follow up, 62% patients had seizure-free. The seizure outcome after surgery was similar to pre-
vious studies about epilepsy surgery14,22 and was obviously better than tumor associated epilepsy with about 34 
percent of seizure-free18.

During the follow up, 50% individuals had seizure recurrence after surgery and nearly one third of them initial 
relapsed at the first month after surgery, which indicates the first month after surgery is the period of high risk 
recurrence, and patients should be more carefully taken care of during this period. In addition, previous studies 
indicated that delayed seizure-free or acute postoperative seizures were related to unfavorable seizure outcome 
after surgery18,22–24. What’s more, time interval to reach seizure-free after surgery was also reported to be asso-
ciated with timing interval of start AED reduction15,25. Therefore, in this study, to avoid bias, we only included 
people without seizure recurrence before AED reduction (immediate seizure-free) for analysis about TIW and 
seizure outcome. And to these favorable people, early withdraw of unnecessary AED with no influence on seizure 
outcome is likely more feasible and beneficial than those with unfavorable outcome.

Time to withdraw AED after surgery is still controversial. Although, AED was advised to maintain for at least 
2 years after surgery by some researchers5, some other researchers put forward that there were no added benefit 
to delay discontinuation of AED beyond 1 to 2 years of those with completed seizure control after surgery9 and 
starting reduction of AED at least 1 year after surgery was proved to be safe in some studies9,22,26. In this study, 
nearly two thirds of people (72%) start of AED withdrawal at least 1 year after surgery and nearly half of people 
(44%) start of AED withdrawal at least 2 years after surgery; and median TIW was 18 months. About two thirds of 
people (69%) discontinue AED at least 2 years after surgery and only 14% individuals discontinue AED less than 1 

Variables

The first year (n = 109) The second year (n = 80) The third year (n = 62) The final follow up (n = 115)

OR 95% CI P value OR 95% CI P value OR 95% CI P value OR 95% CI P value

TIW 0.887 0.492–1.600 0.691 1.252 0.549–2.857 0.593 1.149 0.447–2.950 0.773 0.975 0.378–2.514 0.958

Duration of epilepsy 0.999 0.927–1.078 0.986 0.965 0.874–1.066 0.483 0.923 0.820–1.040 0.189 1.045 0.955–1.143 0.342

Location of surgery 
(temporal) 3.456 1.248–9.570 0.017 3.130 0.793–12.350 0.103 3.272 0.701–15.268 0.131 0.992 0.295–3.335 0.990

Preoperative seizure type 
(secondary generalized 
seizures)

0.388 0.113–1.333 0.133 0.163 0.019–1.392 0.097 0.230 0.025–2.096 0.192 0.105 0.013–0.856 0.035

Follow-up duration 
after start of AED 
discontinuation

— — — — — — 1.002 0.960–1.046 0.925

Table 2.  Multiple logistic regression analysis of factors that were possibly related to seizure free. Abbreviations: 
AED, antiepileptic drug; CI, confidence interval; OR, odds ratio; TIW, timing interval to start antiepileptic drug 
withdrawal.
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year after surgery; and median timing to discontinue AED was 24 months. Our result indicated that in west china, 
time to reduce and discontinue AED was similar to surveys from Canada and US10,11. And 25% individuals had 
seizure recurrence during or after AED reduction or discontinuation, which was also accord with previous studies 
of general epilepsy surgery population without age limited reported for 22–32% recurrent rate22,24, but was higher 
than studies of paediatric epilepsy with 12% recurrent rate15.

In this study, the statistical analysis showed that neither TIW had significant influence on seizure-free at the 
first, second and third year after starting AED withdrawal nor at the final follow up. Further analysis of people 
who completed AED discontinuation also indicated that neither TIW nor TID had influence on seizure outcome 
after surgery. Previous studies which focused on temporal lobe epilepsy also presented similar finding that post-
operative adjustment of AED dosage had not impact on seizure outcome17. Therefore, we speculate that in patient 
with non-neoplastic DRE without seizure recurrence before AED reduction, TIW or TID is not a critical factor 
of short term seizure outcome (in three years). However, as the median follow-up duration after starting AED 
withdrawal was only 36 months in this study, the influence of TIW on long term seizure outcome (more than 
three years) is unknown and further studies are warranted.

Nevertheless, we found that people who had preoperative secondary generalized seizures had higher rate to 
seizure recurrence, and multiple analysis also identified it as an unfavorable predictor of seizure-free at the final 
follow up. Compared to only with focal seizures, those with secondary generalized seizures were likely more 
severity before surgery, which cause the poorer surgery outcome. Additionally, our study also showed that tem-
poral surgery is an independent favorable predictor of seizure-free after AED reduction. Previous studies also 
indicated that temporal surgery had significantly better outcome than extra-temporal surgery27,28. Therefore, 
to people with preoperative secondary generalized seizures and underwent extra-temporal surgery, clinicians 
should be more cautious about AED withdrawal and more assessment should be carried.

Although, our studies provided some clues for further studies, we also have some limited. Firstly, mainly due 
to study design bias and the limitations inherent in uncontrolled retrospective research, people were not rand-
omization, although adjust have been done, some bias still cannot be avoided and prospective randomized study 
are needed; Secondly, due to the relative shorter follow-up duration after the reduction of AED, the influence of 
TIW on long term seizure outcome need further study; Thirdly, we did not assess the influence of timing interval 
to start AED withdrawal on cognitive outcome and quality of life; Moreover, as only people without recurrence 
before reduction were included into analysis about TIW and seizure outcome, our findings cannot be generalized 
to other settings.

Figure 3.  Rate of seizure-free at different follow up point among individuals who completed AED 
discontinuation. Neither significant difference was found among three groups with different TIW (A) nor with 
different TID (B) at different follow up point (Chi-squared test or Fisher’s exact test, p > 0.05). Abbreviations: 
AED, antiepileptic drug; TID, timing interval to discontinue AED; TIW, timing interval to start antiepileptic 
drug withdrawal.
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Conclusion
Our study found that timing interval to start AED withdrawal and timing interval to discontinue AED after sur-
gery is not related to seizure outcome in non-neoplastic drug resistant epilepsy. However, extra-temporal surgery 
and preoperative secondary generalized seizures are unfavorable predictors seizure-free after surgery. Therefore, 
it is likely other factors, rather than time to withdraw AED decide the seizure outcome after surgery. However, 
due to the limitation of retrospective design, small sample, and shorter follow-up duration, our outcome should 
be interpreted and extended with caution, and further prospective studies with larger sample urgently needed for 
this meaningful and valuable issue.

References
	 1.	 Picot, M. C. et al. Cost-effectiveness analysis of epilepsy surgery in a controlled cohort of adult patients with intractable partial 

epilepsy: A 5-year follow-up study. Epilepsia 57, 1669–1679 (2016).
	 2.	 Dwivedi, R. et al. Surgery for Drug-Resistant Epilepsy in Children. N Engl J Med 377, 1639–1647 (2017).
	 3.	 Engel, J. J. et al. Early surgical therapy for drug-resistant temporal lobe epilepsy: a randomized trial. Jama 307, 922–930 (2012).
	 4.	 Wiebe, S., Blume, W. T., Girvin, J. P. & Eliasziw, M. A randomized, controlled trial of surgery for temporal-lobe epilepsy. N Engl J 

Med 345, 311–318 (2001).
	 5.	 Hemb, M. et al. Improved outcomes in pediatric epilepsy surgery: the UCLA experience, 1986–2008. Neurology 74, 1768–1775 

(2010).
	 6.	 Taylor, D. C., McMacKin, D., Staunton, H., Delanty, N. & Phillips, J. Patients’ aims for epilepsy surgery: desires beyond seizure 

freedom. Epilepsia 42, 629–633 (2001).
	 7.	 Boshuisen, K. et al. Intelligence quotient improves after antiepileptic drug withdrawal following pediatric epilepsy surgery. Annals 

of Neurology 78, 104–114 (2015).
	 8.	 van Schooneveld, M. M., van Erp, N., Boshuisen, K., Meekes, J. & Braun, K. P. Withdrawal of antiepileptic drugs improves 

psychomotor speed after childhood epilepsy surgery. Epilepsy Research 107, 200–203 (2013).
	 9.	 Schmidt, D., Baumgartner, C. & Loscher, W. Seizure recurrence after planned discontinuation of antiepileptic drugs in seizure-free 

patients after epilepsy surgery: a review of current clinical experience. Epilepsia 45, 179–186 (2004).
	10.	 Tellez-Zenteno, J. F. et al. Discontinuation of antiepileptic drugs after successful epilepsy surgery. a Canadian survey. Epilepsy 

Research 102, 23–33 (2012).
	11.	 Berg, A. T., Langfitt, J. T., Spencer, S. S. & Vickrey, B. G. Stopping antiepileptic drugs after epilepsy surgery: a survey of U.S. epilepsy 

center neurologists. Epilepsy & Behavior 10, 219–222 (2007).
	12.	 Swisher, C. B. & Sinha, S. R. Survey of current practices among US epileptologists of antiepileptic drug withdrawal after epilepsy 

surgery. Epilepsy & Behavior 26, 203–206 (2013).
	13.	 Ziemba, K. S. et al. Timing of antiepileptic drug withdrawal in adult epilepsy patients after neocortical surgical resection: a critically 

appraised topic. Neurologist 17, 176–178 (2011).
	14.	 Park, K. I. et al. Withdrawal of antiepileptic drugs after neocortical epilepsy surgery. Annals of Neurology 67, 230–238 (2010).
	15.	 Boshuisen, K. et al. Timing of antiepileptic drug withdrawal and long-term seizure outcome after paediatric epilepsy surgery 

(TimeToStop): a retrospective observational study. Lancet Neurology 11, 784–791 (2012).
	16.	 Pimentel, J., Peralta, A. R., Campos, A., Bentes, C. & Ferreira, A. G. Antiepileptic drugs management and long-term seizure outcome 

in post surgical mesial temporal lobe epilepsy with hippocampal sclerosis. Epilepsy Research 100, 55–58 (2012).
	17.	 Schmeiser, B., Steinhoff, B. J. & Schulze-Bonhage, A. Does early postoperative drug regimen impact seizure control in patients 

undergoing temporal lobe resections? Journal of Neurology 265, 500–509 (2018).
	18.	 Neal, A., Morokoff, A., O’Brien, T. J. & Kwan, P. Postoperative seizure control in patients with tumor-associated epilepsy. Epilepsia 

57, 1779–1788 (2016).
	19.	 Kwan, P. et al. Definition of drug resistant epilepsy: consensus proposal by the ad hoc Task Force of the ILAE Commission on 

Therapeutic Strategies. Epilepsia 51, 1069–1077 (2010).
	20.	 Hampel, K. G. et al. Antiepileptic drug reduction and increased risk of stimulation-evoked focal to bilateral tonic-clonic seizure 

during cortical stimulation in patients with focal epilepsy. Epilepsy & Behavior 80, 104–108 (2018).
	21.	 Wieser, H. G. et al. ILAE Commission Report. Proposal for a new classification of outcome with respect to epileptic seizures 

following epilepsy surgery. Epilepsia 42, 282–286 (2001).
	22.	 Kim, Y. D. et al. Antiepileptic drug withdrawal after successful surgery for intractable temporal lobe epilepsy. Epilepsia 46, 251–257 

(2005).
	23.	 Greiner, H. M. et al. Acute postoperative seizures and long-term outcome following pediatric epilepsy surgery. Seizure 23, 483–486 

(2014).
	24.	 Berg, A. T. et al. Reduction of AEDs in postsurgical patients who attain remission. Epilepsia 47, 64–71 (2006).
	25.	 Tellez-Zenteno, J. F., Hernandez-Ronquillo, L. & Moien-Afshari, F. Discontinuation of antiepileptic drugs after successful surgery: 

who and when? Epileptic Disorders 14, 363–370 (2012).
	26.	 Kerling, F. et al. Drug withdrawal after successful epilepsy surgery: how safe is it? Epilepsy & Behavior 15, 476–480 (2009).
	27.	 Vermeulen, L. et al. Outcome after epilepsy surgery at the University Hospitals Leuven 1998–2012. Acta Neurologica Belgica 116, 

271–278 (2016).
	28.	 Englot, D. J., Breshears, J. D., Sun, P. P., Chang, E. F. & Auguste, K. I. Seizure outcomes after resective surgery for extra-temporal lobe 

epilepsy in pediatric patients. J Neurosurg Pediatr 12, 126–133 (2013).

Acknowledgements
We thank all the subjects who participated in this study.

Author Contributions
Le Zhang wrote the main manuscript, analyzed the data, and made the table and figure. Xptin-Yue Jiang assisted 
to revise the manuscript. Le Zhang, Xin-Yue Jiang Heng Zhang, Shi-Min Bao collected the data. Jin-Mei Li and 
Dong Zhou came up with the main ideas, lead the research group and arranged the work of all authors. All 
authors reviewed the manuscript.

Additional Information
Competing Interests: The authors declare no competing interests.
Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.



www.nature.com/scientificreports/

8SCieNtifiC REPOrTS |  (2018) 8:13782  | DOI:10.1038/s41598-018-31092-3

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2018

http://creativecommons.org/licenses/by/4.0/

	Postoperative seizure outcome and timing interval to start antiepileptic drug withdrawal: A retrospective observational stu ...
	Materials and Methods

	Patients. 
	Standard protocol, approval and consent. 
	Measurement of AED and Seizure Outcome. 
	Statistical analysis. 

	Result

	Factors that are related to seizure recurrence. 
	Timing interval to start AED withdrawal and seizure outcome. 
	Timing interval to start AED withdrawal, timing interval to discontinue AED and seizure outcome in people who completed AED ...

	Discussion

	Conclusion

	Acknowledgements

	﻿Figure 1 Flow diagram of people selection, the pattern of AEDs withdrawal and seizure outcome after surgery.
	Figure 2 Rate of seizure-free at different follow up point among individuals with different TIW.
	Figure 3 Rate of seizure-free at different follow up point among individuals who completed AED discontinuation.
	Table 1 Comparisons between individuals with and without seizure recurrence.
	Table 2 Multiple logistic regression analysis of factors that were possibly related to seizure free.




