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ABSTRACT

الأهداف: لتقييم تأثير التصوير بالرنين المغناطيسي )MRI( نتائج الدماغ 
استئصال  بعد   )AEDs( للصرع المضادة  الأدوية  انسحاب  توقيت  على 
الفص الصدغي الأمامي )ATL( في المرضى الذين يعانون من صرع الفص 

.)MTLE(​​ الصدغي المتوسط

فيصل  الملك  مستشفى  في  رجعي  بأثر  مراجعة  أجرينا  لقد  المنهجية: 
يناير  من  السعودية  العربية  المملكة   ، ، جدة  الأبحاث  ومركز  التخصصي 
2004 إلى ديسمبر 2017 للمرضى الذين يعانون من MTLE والذين 
الذين لديهم ما لا يقل عن سنتين من  المرضى  ATL وشملوا  لـ  خضعوا 
والتوقف  التناقص  لبدء  المطلوب  الوقت  بين  العلاقة  بتقييم  قمنا   . المتابعة 
عن استخدام الصرع بعد ATL في المرضى الذين يعانون من نتائج إنجل من 

الدرجة الأولى والتصوير بالرنين المغناطيسي للدماغ قبل الجراحة.

 )٪  63( المرضى  غالبية   .ATL ل  خضعوا  مريضا   64 رسنا  النتائج: 
ATL ، كان  بعد  المرضي.  التشريح  الُحصين )HS( في  لديهم تصلب 
أشهر   10 هو  الإماراتي  للدرهم  التدريجي  التناقص  لبدء  الوقت  متوسط ​​
48 شهرًا. لوحظ شذوذ في  الإماراتي بمتوسط ​​ الدرهم  وتوقف استخدام 
وجود  مع   ، مريضاً   )83٪( 53 في  للدماغ  المغناطيسي  بالرنين  التصوير 
من  يمثل 75٪   )MTS( الإنسي الصدغي  التصلب  أن  إلى  تشير  نتائج 
المغناطيسي  بالرنين  التصوير  في  ارتبط وجود أي شذوذ  التشوهات.  هذه 
 ،  )p <0.01( أشهر   10 قبل  الإماراتي  للدرهم  التدريجي  بالتناقص 
والسحب الكامل قبل 18 شهرًا للدرهم )p <0.01(. كانت احتمالات 
 MTS كان  إذا  أعلى  الأولى  السنة  خلال  النوبات  من  خالية  تكون  أن 
 .)16  = المعدل   OR( للدماغ  المغناطيسي  بالرنين  التصوير  في  موجودًا 
 OR وبالمثل ، كان هذا مرتبطًا بحرية الاستيلاء بعد السنة الأولى )معدل
p <0.01 ، 14.8 =(. كما ارتبط وجود العبوات الناسفة المؤقتة أحادية 
الجانب على مخطط كهربية الدماغ قبل الجراحة بالتناقص المبكر والتوقف 
 ATL عن استخدام الصرع بالإضافة إلى حالة خالية من النوبات بعد جراحة
.)p <0.01 ، و 4.2 ، للسنة الأولى والثانية على التوالي (OR = 8.5

الخلاصة: كان المرضى الذين يعانون من نتائج غير طبيعية للتصوير بالرنين 
المغناطيسي والعبوات البدائية الصنع أحادية الجانب قد تناقصوا في وقت 
سابق من الصرع مع خطة وقف شاملة أقصر للدرهم الإماراتي. علاوة على 
ذلك ، وجود MTS على التصوير بالرنين المغناطيسي ، إلى جانب العبوات 

الناسفة أحادية الجانب ،

Objectives: To assess the influence of magnetic 
resonance imaging (MRI) brain findings on the timing 
of antiepileptic drugs (AEDs) withdrawal following 
anterior temporal lobectomy (ATL) in patients with 
mesial temporal lobe epilepsy (MTLE). 

Methods: We conducted a retrospective chart review 
at King Faisal Specialist Hospital and Research 
Centre, Jeddah, Saudi Arabia from Jan, 2004 – Dec, 
2017 of patients with MTLE who underwent ATL 
and included patients who had a minimum of 2 years 
of follow-up. We evaluated the association between 
the time required to start tapering and discontinuing 
AEDs after ATL in patients with Engel class I 
outcomes and their preoperative brain MRI.

Results: We studied 64 patients who underwent ATL. 
The majority of patients (63%) had hippocampal 
sclerosis (HS) on histopathology. Following ATL, the 
mean time to start tapering AEDs was 10 months and 
AEDs were discontinued at a mean of 48 months. 
Abnormal brain MRI was observed in 53 (83%) 
patients, with findings suggestive of mesial temporal 
sclerosis (MTS) accounting for 75% of these 
abnormalities. The presence of any MRI abnormality 
was associated with a 10-month earlier tapering of 
AEDs (p<0.01), and an 18-month earlier complete 
withdrawal of AEDs (p<0.01). The odds of being 
seizure-free within the first year were higher if MTS 
was present in the brain MRI (adjusted OR=16). 
Similarly, this was associated with seizure freedom 
after the first year (adjusted OR=14.8, p<0.01). The 
presence of unilateral temporal IEDs on preoperative 
EEG were also associated with earlier tapering and 
discontinuation of AEDs as well as a seizure-free state 
after ATL surgery (OR=8.5 and 4.2, for the first and 
second year respectively, p<0.01).

Conclusion: Patients with abnormal MRI findings 
and unilateral IEDs had earlier tapering of AEDs 
with an overall shorter AED discontinuation plan. 
Moreover, the presence of MTS on MRI, along with 
unilateral IEDs, were predictors of seizure freedom 
following ATL.
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Anterior temporal lobectomy (ATL) is the standard 
treatment for medically refractory mesial temporal 

lobe epilepsy (MTLE), achieving seizure remission 
in approximately 70% of patients.1-3 However, the 
feasibility and timing of antiepileptic drug (AEDs) 
withdrawal after ATL are debatable.4 The need for 
AEDs withdrawal stems from the adverse effects 
following long-term use,5,6 difficulties in maintaining 
compliance, and their high cost.7,8 Moreover, AEDs 
withdrawal following successful ATL is generally 
considered safe.4 There are no evidence-based guidelines 
for managing AEDs withdrawal after resective epilepsy 
surgery.9,10 Moreover, few prospective and retrospective 
studies have assessed postoperative AEDs management 
exclusively in patients with MTLE.4,11-13 Hence, the 
timing of AEDs withdrawal after temporal lobectomy 
is controversial.12,14,15 The difficulties faced are how to 
taper AEDs, how soon it is safe to taper, which clinical 
profiles favor tapering, and what is the optimal time to 
start the tapering process. Predicting successful AEDs 
withdrawal following ATL has been examined in a few 
studies; however, the results were inconsistent.9,12,16-18  
In one study, brain magnetic resonance imaging (MRI) 
findings were associated with seizure outcomes following 
ATL with successful AEDs discontinuation.12 The MRI 
can detect brain abnormalities, predict postoperative 
seizure, and AEDs freedom2 Despite this, data are 
lacking regarding the role of MRI in determining the 
time to start tapering AEDs postoperatively, as well as 
the time until AEDs discontinuation in those who do 
not require postoperative AEDs treatment. These data 
are essential for establishing guidelines that could assist 
clinicians with AED management following ATL.

We aimed to assess the role of brain MRI in 
planning the tapering of AEDs and determining when 
to discontinue AEDs in patients with MTLE following 
ATL. We also evaluated seizure outcomes in patients 
with a minimum of 2 years of postoperative follow-up.

Methods. We conducted a retrospective chart review 
from January 2004 to December 2017 at the epilepsy 
center of King Faisal Specialist Hospital and Research 
Centre, Jeddah, Saudi Arabia. 

In our epilepsy center and based on a structured 
institutional pathway, we discuss cases that are 

potential candidates for epilepsy surgery in our weekly 
epilepsy meetings with epileptologists and epilepsy 
neurosurgeons. In some cases, additional evaluation, 
such as fluorodeoxyglucose positron emission 
tomography and intracranial monitoring (e.g., subdural 
electrodes and intraoperative electrocorticography), is 
performed. We included adult patients with MTLE who 
underwent ATL between January 2004 and December 
2017 who were followed up for a minimum 2 years 
postoperatively. Patients with incomplete medical 
records, more than one epilepsy surgery, or the resection 
extended beyond the standard anterior temporal lobe 
resection were excluded. 

We collected the following data: basic 
demographics, age, age at the time of diagnosis, age at 
the time of surgery, presence of preoperative bilateral 
tonic-clonic seizure, preoperative seizure frequency, 
history of febrile convulsions (FC), preoperative 
1.5-tesla or 3-tesla epilepsy protocol brain MRI and 
electroencephalography (EEG) results, use of invasive 
intracranial monitoring, type and side of surgery, 
pathology, number of medications preoperatively and 
postoperatively, and postoperative seizure recurrence if 
any. Regarding brain MRI, our epilepsy protocol involves 
the following sequences: sagittal T1, sagittal fast spoiled 
gradient echo, sagittal cube double inversion recovery 
white matter null, axial T1, axial T2-weighted fluid 
attenuated inversion recovery (FLAIR), axial T2, axial 
diffusion-weighted imaging, axial inversion recovery 
(IR), coronal T1, coronal T2-weighted FLAIR thin 
cuts, coronal T2 with 3-mm slice thickness, coronal IR, 
and coronal gradient echo sequences without contrast.

After resective epilepsy surgery, AEDs management 
was individualized for each patient by the treating 
epileptologists. We also collected data on the time (in 
months) required to start tapering of AEDs in those 
who were suitable candidates. We also determined 
the time until the patient was completely off AEDs, 
if applicable. We also identified seizure outcomes 
following epilepsy surgery at the end of the follow-up 
period. We divided patients into three groups according 
to their seizure control—seizure-free with an Engel 
class I outcome and off medications, seizure-free with 
an Engel class I outcome and on medications, and 
seizures on medications. The institutional review board 
approved this study (IRB 2020-24).

We used R Studio, R Core Team (2019) for 
statistical analysis (R: A language and environment 
for statistical computing, https://www.r-project.org). 
Data are presented as frequencies and percentages. 
Inferential statistics, including t-tests, linear regression, 
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chi-square, and analysis of variance, were used for 
statistical analyses of MRI findings, EEG results, other 
factors influencing the time to start tapering AEDs, 
the time required to complete tapering, and seizure 
recurrence. We determined 95% confidence intervals 
and interpreted p-values according to the American 
Statistical Association guidelines.19

Results. Baseline characteristics. We studied 64 
patients. There were 39 (61%) men, the mean age 
at epilepsy onset was 12 years (standard deviation 
[SD]=9.3 years, range: 1–36 years), and the mean age 
at epilepsy surgery was 34 years (SD=8.9 years, range: 
16–54 years). The FC was reported in 22 (34%) patients. 
The median baseline number of monthly seizures was 4 
(SD=12.6 seizures, interquartile range: 2–7 seizures). 
We documented focal to bilateral tonic-clonic seizures 
in 44 patients (69%) before surgery. Patients used a 
median of 2 AEDs at the time of epilepsy surgery. Brain 
MRI findings were abnormal in 53 (83%) patients, 
with mesial temporal sclerosis (MTS) accounting for 
75% of all MRI abnormalities (Figure 1). Scalp EEG 
before epilepsy surgery revealed abnormal findings 
in all but one patient; unilateral temporal interictal 
epileptic discharges (IEDs) were observed in 46 (72%) 
cases, and bilateral temporal IEDs were reported in 17 
(27%) cases. All patients underwent anterior mesial 
temporal lobectomy as per the standard epilepsy surgery 
protocol. Histopathology showed findings consistent 
with hippocampal sclerosis in 40 (63%) patients, 
ischemic changes and gliosis in eight (13%) patients, 
nonspecific gliosis in nine (14%) patients, focal cortical 
dysplasia (FCD) type IIIa in five (8%) patients, FCD 
1a in 2 (3%) patients, and poorly classified pathological 
changes of uncertain significance in three (5%) patients. 

Table 1 shows the patient characteristics according to 
seizure outcomes.

Timing of tapering and discontinuing AEDs. All 
patients, except one, had their medications tapered. 
The mean time required to start tapering AEDs after 
ATL surgery was 10 months (SD=13 months, range: 
1–72 months). We discontinued AEDs in 23 (35%) 
patients, which took a mean duration of 48 months 
(SD=22 months, range: 6–72 months). Patients with a 
brain MRI abnormality had a significantly shorter time 
to start AEDs tapering than those with no brain MRI 
abnormality (12 months vs. 22 months, p<0.01; 95% 
confidence interval [CI], 2–18 months). This effect 
was not observed in multivariate analysis. Moreover, 
all seizure-free patients who were off medications had 
abnormal brain MRI findings and the earliest tapering 
of AEDs. In contrast, MRI abnormalities were detected 
in only 50% patients who continued to experience 
seizures and were on medications. They also had the 
longest duration to start tapering AEDs (Table 1). 

In addition, it took an average of 18 months to 
discontinue AEDs in patients with an abnormality 
detected on brain MRI compared to those with no 
abnormality on brain MRI (44 vs. 62 months, p<0.01, 
95% CI: 4-25 months). This effect was also observed 
in the multiple linear regression analysis (18 months 
earlier, p=0.05, 95% CI: 1-37 months) after adjusting 
for gender, age at surgery, EEG and pathology findings, 
baseline number of seizures, and the presence of FC. 
The overall observations suggested a significant role of 
brain MRI in determining the time to taper off and 
discontinue AEDs following ATL. Unilateral temporal 
IEDs were associated with a 7-month earlier tapering 
of AEDs than other EEG findings (12 vs. 19 months, 
p<0.05, 95% CI: 1–14 months), but this effect was not 

Table 1 -	 Seizure outcomes after anterior temporal lobectomy.

Characteristic No seizures off 
medication

n=23

No seizures
 on medication

n=24

Seizures
on medication

n=17

P-value

Sex (male) 16 (70%) 11 (46%) 12 (71%) NS
Mean age at epilepsy surgery 33 years 36 years 32 years NS
Baseline median of monthly seizures 4 4 4.25 NS
Presence of febrile convulsions 11 (48%) 6 (25%) 5 (29%) NS
Median number of AEDs 2 2.5 2 NS
Mean time to start tapering AEDs 7 months 10 months 24 months <0.01
Mean time to discontinue AEDs 24 months 60 months 72 months <0.01
MRI (Abnormal) 23 (100%) 21 (88%) 9 (53%) <0.011

EEG (Unilateral IEDs) 21 (91%) 16 (67%) 9 (53%) <0.012

MTS in pathology 15 (65%) 14 (58%) 11 (65%) NS
1Compared to the group who had seizures and were on medications, 2Compared to the group who had seizures and were on medications
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present in the multiple linear regression analysis. On 
further analysis, 91% of seizure-free patients who were 
off AEDs had unilateral IEDs. They also had a shorter 
duration to the start of AEDs tapering than patients 
with other EEG discharge patterns (6 vs. 9 months, 
p<0.05, 95% CI: 1–7 months). These observations 
suggest an association between these EEG patterns and 
a favorable prognosis. 

Finally, the time to discontinue AEDs was influenced 
significantly by EEG discharge pattens; it was shorter in 
patients who had unilateral temporal IEDs than in those 
who had bilateral IEDs (47 vs. 64 months, p<0.01, 
95% CI: 5–29 months). There was no combined effect 

of MRI and EEG patterns on the time to tapering or 
discontinuing AEDs.

Seizure recurrence and outcomes. A total of 28 
(44%) patients had seizures after ATL, of whom 16 
(25%) patients had recurrent seizures within the first 
year. Figure 2 shows the timing of seizure recurrence and 
patient characteristics. When comparing early versus 
late seizures, only the presence of MTS on brain MRI 
showed a significant association with seizure recurrence 
timing, and was associated with a reduced likelihood of 
seizures within the first year postoperatively (OR=0.22, 
p<0.05, 95% CI: 0.06–0.89). Furthermore, multiple 

Figure 1 -	Characteristics of MRI brain findings.

Figure 2 -	Correlation of seizures retiming of seizures and patient characteristics (*indicated p-value<0.05).
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logistic regression analysis was performed to predict 
seizures within the first year. The absence of seizures 
within the first year was significantly associated with 
the presence of MTS on brain MRI (adjusted OR= 
16, p<0.01, 95% CI: 2.3–166.4). Unilateral IEDs on 
preoperative EEGs were also significant predictors of 
seizure freedom within the first year (adjusted OR=8.5, 
p<0.01, 95% CI: 1.8–51.2). Brain MRI findings and 
EEG patterns were also significant predictors of seizure 
freedom (adjusted OR for MTS on brain MRI=14.8, 
p<0.01, 95% CI: 2.3–29.7; adjusted OR for unilateral 
IEDs=4.2, p<0.01, 95% CI: 1.2–17.2). These 
observations were adjusted for age at surgery, gender, 
febrile seizures, MRI pathology, and baseline number 
of seizures before surgery.

By the end of the follow-up, seizure freedom, 
irrespective of being on or off medications, was achieved 
in 45 (70.3%) patients. This state was best predicted 
by the presence of an MRI lesion suggestive of MTS 
(OR=32.3, p<0.01, 95% CI:4.5–69.1) after adjusting 
for EEG and pathology findings, baseline number of 
seizures, gender, and presence of FC. Bivariate analysis 
also showed an association between seizure freedom 
and brain MRI abnormalities (crude OR=19.3, p<0.01, 
95% CI: 3.61–103.78).

Discussion. Our study comprised a group of 
patients with refractory MTLE; most of our study 
population had brain MRI features suggestive of MTS, 
and all patients underwent a standard protocol for 
ATL at our center. Up to 70% of our patients achieved 
seizure freedom, and approximately one-third (35.9%) 
of the patients were off AEDs at the final follow-up. 
Our findings are similar to those of previously 
published reports.9,11,16,18,20-22 Hence, the feasibility and 
safety of AEDs withdrawal after successful ATL have 
been confirmed in this population.4,17 It is a common 
practice to wait for one or 2 years of seizure freedom 
before attempting any medication change after epilepsy 
surgery.9,11,23-25 These practices are influenced by the fact 
that most seizure recurrences occur in the first 12–24 
months postoperatively;17,26 however, it leaves patients 
exposed to the continued adverse effects and costs of 
AEDs.7,8

In our cohort, patients received individualized 
postoperative management of AEDs based on the 
treating epileptologist’s decisions, considering the 
number of AEDs, their side effect profile, pathology 
results, postoperative EEG findings, brain MRI results, 
and the patient’s desires. However, our study showed 
that brain MRI findings significantly influenced the 

timing of AEDs withdrawal; their presence allowed 
for a 10-month earlier tapering of AEDs. In addition, 
patients who were seizure free and off medications by 
the end of the study had the shortest time between 
surgery and initiation of AEDs tapering, and all these 
patients had abnormal brain MRI findings. Our study 
also demonstrated a significant effect of EEG findings 
on the timing of AEDs withdrawal and postoperative 
discontinuation. This association between brain MRI 
findings and EEG discharges and the postoperative 
management of AEDs has not been reported in previous 
studies. Following strict protocols for the management 
of AEDs post-epilepsy surgery in some centers could 
mask such an association.4,12,16

In contrast, the time to discontinuation of AEDs 
was significantly shorter in patients who had brain MRI 
abnormalities and in those with unilateral IEDs. This 
duration was shorter by 50% in patients who ultimately 
achieved a seizure-free state and continued to be off 
medications, all of whom had abnormal MRI findings 
before epilepsy surgery. These results, shows a new role 
for the use of MRI and EEG in AEDs management 
post-ATL, which could guide epileptologists in 
managing AEDs postoperatively.

Abnormal brain MRI findings predicted favorable 
postoperative seizure outcome as well as successful 
AEDs discontinuation.2,12,24 In our group, 70% patients 
achieved a seizure-free state postoperatively; brain 
MRI abnormalities were detected in 80-100% of these 
patients. Brain MRI abnormalities were a predictor of 
favorable postoperative seizure control, irrespective of 
whether the patient continued to use AEDs. Specifically, 
the presence of MTS on brain MRI was associated with 
an approximately 30 times increase in the likelihood 
of seizure freedom by the end of follow-up in our 
patients. In one study, the authors advised a cautious 
withdrawal of AEDs following epilepsy surgery in 
patients with MTLE, normal MRI finding, and 
without HS on pathology as they were more prone 
to seizure recurrence.4 We found that the appearance 
of MTS on brain MRI was a significant predictor of 
seizure freedom within the first year postoperatively 
and afterward. Despite the presence of HS in 29 (45%) 
patients in our group who were seizure-free at the end 
of the study, we did not find an association between 
histopathological findings and AEDs tapering. We also 
did not find any association between HS and seizure 
outcomes, similar to previously published studies.12,18

Unilateral IEDs before surgery were a predictive 
factor for seizure freedom within the first year and were 
associated with an absence of late seizure recurrence 
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after resection. This is consistent with the findings of 
previous studies.21,24 We also found that patients who 
continued to have seizures had more bilateral IEDs 
than seizure-free patients, consistent with the findings 
of previous reports.27,28 

Our study has a few limitations. Although it 
provides insights into the crucial issue of AEDs 
management after ATL, the sample size was relatively 
small, and the study was conducted retrospectively. 
Prospective studies with a larger sample size are needed. 
Follow up EEG after resective epilepsy surgery is 
not performed routinely in all patients at our center; 
thus, it was not performed in every patient in this 
cohort, which limited the availability of postoperative 
EEG data that could be assessed in relation to AEDs 
management following epilepsy surgery in this study. 
We acknowledge the prognostic value of the latter for 
AEDs withdrawal in patients with MTLE.12 We also 
realize that individualized AEDs management after 
resection, rather than following a standard protocol, 
may hinder the generalizability of AEDs withdrawal. 
Nevertheless, our practice led to this study’s findings 
and demonstrated the role of brain MRI and EEG 
findings in AEDs management after ATL in patients 
with intractable epilepsy.

In conclusion, AEDs withdrawal after ATL is 
complex, yet successful discontinuation is possible. 
Careful selection of patients who would benefit from 
earlier AEDs withdrawal can be considered based on 
clinical factors, particularly in those with abnormal 
MRI findings and unilateral temporal IEDs. This study 
demonstrates the effects of MRI and EEG findings on 
the timing of AEDs withdrawal. Future prospective 
studies are needed to validate these findings and help 
determine the safe timing for AEDs tapering after ATL 
epilepsy surgery.
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