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ABSTRACT

Objective: Breakthrough seizures are sudden and unexpected seizures that occur in people with epilepsy who generally have good control over the 
symptoms. The present study is aimed to compare phenytoin plus levetiracetam versus sodium valproate plus levetiracetam to control breakthrough 
seizures.

Methods: A prospective, comparative study was carried out in Generalized onset tonic-clonic seizures (GTCS) patients with breakthrough seizures in 
Gajra Raja Medical College, Gwalior (M.P.) from February 2021 to August 2022. Participants were randomly allocated to 2 groups, namely phenytoin 
+ levetiracetam (PL) (n=62) and sodium valproate + levetiracetam (SL) (n=61). Patients in group PL received phenytoin at the dose of 200 mg twice 
a day in adults, 5 mg/kg/day in two divided doses in children plus levetiracetam 500 mg twice a day in adults and 30 mg/kg/day in three divided 
doses in children. Patients in group SL received sodium valproate 600 mg 3 times a day in adults, 30 mg/kg/day in three divided doses in children 
plus levetiracetam 500 mg twice a day in adults and 30 mg/kg/day in three divided doses in children. The mean reduction in seizure frequency and 
patients response to the treatment in the last 30 days were recorded before the start of therapy and at 3 and 6 months after therapy. Adverse drug 
reactions were recorded during the study period. Statistical analysis was performed using (Statistical Package for the Social Sciences) software.

Results: Mean seizure frequency decreased by 59 and 85% in PL and by 59 and 91% in the SL group and is significant (p<0.05) from baseline value 
at 3 and 6 months, respectively, in both the groups. SL group showed significantly (p<0.05) better response, than PL group in controlling seizures at 
6 months. Excellent response by patients was seen by 21% and 49% in PL and SL groups, respectively. Adverse effects noted during the study were 
mild, including somnolence, headache, dizziness, GIT stress, and fatigue, and responded to symptomatic treatment. Twenty-nine (29%) of PL cases 
and 6% of SL cases underwent fatigue as adverse drug reactions that showed better tolerability of the SL group.

Conclusion: Sodium valproate plus levetiracetam is more efficacious and safer than phenytoin plus levetiracetam in the management of breakthrough 
seizures in GTCS patients.
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INTRODUCTION

Epilepsy is characterized by the sudden firing of neurons followed by 
with or without loss of consciousness, abnormal body movements, 
and autonomic hyperactivity [1]. A  seizure is an episode of brain 
dysfunction due to abnormal discharge of neurons. Two main types of 
seizures include generalized and partial seizures [2].

Approximately 10% of patients with epilepsy suffer from generalized 
onset tonic-clonic seizures (GTCS). The seizure usually begins 
abruptly without any warning, although some patients describe 
vague premonitory symptoms in previous hours, such as feelings of 
fear sadness, anxiety, twitching, or jerky movements leading up to 
the seizure [3]. Phenytoin and sodium valproate have been used as 
monotherapy from the old times for GTCS. These are the standard first-
line drugs having good ant-seizure activity [4].

A breakthrough seizure is defined as an epileptic seizure that occurs 
in spite of the use of antiepileptic drugs (AEDs) that have otherwise 
successfully prevented seizures in the patient [5]. Breakthrough 
seizures might occur for a variety of reasons: Insufficient dose of AED 
to reduce the seizure rate to zero, missed doses of medication, or 
provoking factors such as emotional stress, sleep deprivation, alcohol 
or other recreational drugs, and television or video games [6]. For a 

few people, the natural history is to develop treatment refractoriness 
following period of remission, presumably due to ongoing epileptogenic 
processes [7]. Frequently, the cause of a breakthrough seizure may 
not be identified. Breakthrough seizures can have severe clinical 
consequences, like hospital admission either as a result of the seizure 
or due to injuries sustained during the seizure may lead to status 
epileptics resulting in elevated morbidity, and potentially mortality [8].

The hypothesis that a combination of drugs offers advantages over 
monotherapy has been illustrated in a variety of medical fields, 
including epilepsy therefore, patients having breakthrough seizures 
with a single AED, an add-on AED which is efficacious and well-tolerated 
is necessary to control seizures though there is the possibility of 
increased side effects. Thus, combinations of AEDs should be carefully 
selected based on the potential for synergy that is not associated with 
unfavorable pharmacokinetic interactions and toxicity. Levetiracetam 
is the newer AED that earned its approval as adjunctive therapy for 
primary GTCS [9]. No scientific data are available in the literature 
regarding the comparison of the combination of levetiracetam with 
either phenytoin or sodium valproate, to control breakthrough seizures; 
therefore, the present study was conducted to compare the safety and 
efficacy of phenytoin plus levetiracetam versus sodium valproate plus 
levetiracetam in patients of GTCS with breakthrough seizures when 
treated with monotherapy.
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METHODS

Study design
This is a randomized, comparative, prospective, and open-label study 
conducted in the Department of Pharmacology and Neurology, Gajra 
Raja Medical College, Gwalior (M.P.) from March 2021 to February 
2022. The study was approved by the Institutional Ethics Committee 
(Registration number is 127/IEC-GRMC/2020).

Intervention
A total of 123  patients of GTCS were enrolled and randomly divided 
into two groups. Group phenytoin + levetiracetam (PL) (n=62) received 
phenytoin at the dose of 200 mg twice a day in adults, 5 mg/kg/day in 
two divided doses in children plus levetiracetam 500 mg twice a day in 
adults, and 30 mg/kg/day in three divided doses in children.

Group sodium valproate + levetiracetam (SL) (n=61) received sodium 
valproate 600 mg 3 times a day in adults, 30 mg/kg/day in three divided 
doses in children plus levetiracetam 500 mg twice a day in adults, and 
30 mg/kg/day in three divided doses in children.

Inclusion criteria
All GTCS patients who were on monotherapy with either phenytoin or 
sodium valproate and having breakthrough seizures were included in 
the study.

Exclusion criteria
The following were excluded from the study:
1.	 Patients who are not willing to sign informed consent
2.	 Clinical suspicion of non-epileptic psychogenic seizure
3.	 Pregnant, breastfeeding, childbearing age women using 

contraceptives
4.	 Patient with serious comorbidity, diabetes, hepatic insufficiency, 

pulse <50 or >100, SBP<50 or >180.

Informed consent was taken from all the study participants. A detailed 
medical history was taken. A  general and systemic examination was 
done.

Evaluation of efficacy
1.	 Reduction in mean seizure frequency observed in the last 30 days 

at the end of follow-up period that is 3 months and at 6 months to 
assess efficacy [10]. Number of seizures per month were ascertained 
from the seizure diary, which the patients were asked to maintain.

2.	 Patient’s responses observed in terms of no seizures or >50% reduction 
in seizure frequency or <50% reduction in frequencies and were 
considered as excellent response, good response, and poor response 
at the end of follow-up period at 3 months and 6 months [11].

Evaluation of safety
The safety of the drug combination was assessed and compared in 
terms of dropout rate due to adverse events and frequency of adverse 
events in the 3rd and 6th months.

Statistical analysis
All the data analyses of this comparative study were performed using 
the Statistical Package for the Social Sciences Software. Quantitative 
variables were expressed as the mean and standard deviation. 
Categorical data were expressed in actual numbers and percentages. 
For the intra-group (within group) comparison statistical analysis was 
carried out by paired “t” test satisfying the normality assumption using 
the K-S test. Intergroup comparison was done using an independent 
student “t” test satisfying the normality assumption using the K-S test. 
Chi-square test was used to compare the categorical data. “p”<0.05 was 
considered to be statistically significant.

RESULTS

The patients disposal has been depicted in the consolidated standard 
for reporting trials (Fig. 1).

Demographic profile
The groups were having similar characteristics at baseline concerning 
age and other characteristics (Table 1).

Efficacy assessment
Reduction in seizure frequency
In group  PL, mean seizure frequency in the last 30  days showed a 
percent reduction of 59% and 85% from baseline at 3 and 6 months, 
respectively, and was significant (p<0.01) as compared to baseline. 
In group  SL, mean seizure frequency in the last 30  days showed a 
percent reduction of 59% and 91% from baseline at 3 and 6 months, 
respectively, and was significant as compared to baseline (p<0.01) 
(Table  2). On comparison between PL and SL groups, no difference 
wasseen in the reduction of seizure frequency at 3 months (p=0.331) 
but statistically significant better reduction of seizure frequency was 
seen with SL group at 6 months (p=0.002).

Patient response observed at the end of follow-up period of 6 months
In the PL group, 10  (21%) patients became seizure-free, which 
showed an excellent response, whereas 38  (79%) patients had 50% 
or great reduction in seizure which showed a good response. None of 
the patients showed poor response. In the SL group, 23 (48%) out of 
48 patients became seizure-free, which showed an excellent response, 
whereas 25  (52%) patients had 50% or great reduction in seizure, 
which showed a good response. None of the patients showed a poor 
response (Fig. 2) On inter-group comparison, excellent response seen 
in the SL group is more significant than PL group (p=0.002).

Safety assessment
In group PL, the most common adverse effect was drowsiness, which 
was seen in 22 (46%) patients. The next common adverse effect was 
somnolence and irritability in both 16  (33%) patients and fatigue/
tiredness in 14  (29%), followed by headache in 13  (27%) then 
dizziness in 11  (23%), GI stress in 4  (8%), hypersensitivity reaction, 
poor memory/lack of concentration, gum hypertrophy each seen in 
1 (2%) patient, respectively.

In group SL, the most common adverse effect was somnolence, which 
was seen in 23 (48%) patients. The next common adverse effect was 
dizziness in 19  (40%) and headache in 19  (40%) patients followed 
by irritability/aggressiveness in 18  (37%) patients, drowsiness in 
13 (27%) patients, fatigue in 6 (12%) patients, GI distress in 5 (10%) 
and hypersensitivity and poor concentration/lack of memory each in 
1 (2%) patients, respectively (Table 3).

Fatigue was seen in 14  patients of group  PL and only 6  patients of 
group SL. A statistically significant difference between the two groups 
was found for fatigue/tiredness (p=0.044) at the 6th  month, all other 
adverse effects have no statistically significant difference (p>0.05) 
between the two groups.

The dropout rate was equal in both groups, which included 14 patients 
and 13 patients in PL and SL groups, respectively. Nine and 7 patients 
in group PL and SL, respectively, were lost to follow-up whereas 5 and 
6 patients in group PL and SL, respectively, left the study due to adverse 
effects.

DISCUSSION

Most people with epilepsy can achieve remission from seizures after 
treatment; however, 37% of these individuals develop breakthrough 
seizures [12]. These patients need a combination of two or more 
AEDs to improve the efficacy (seizure control) and tolerability of the 
treatment and to obtain better control of the refractory seizure when 
monotherapy failed [13]. The combination of AEDs having synergistic 
effects with no addition of adverse effects is the key to success. 
Levetiracetam is a second-generation AED that is chemically unrelated 
to other AEDs acts by a novel mechanism, is preferred nowadays owing 
to its better tolerance and fewer adverse effects [14].
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In the present study, patients on phenytoin having breakthrough 
seizures when given levetiracetam showed an 85% reduction in seizure 
frequency after 6 months of treatment. Our results are in accordance 
with the earlier study, where a preclinical study showed a synergistic 
response between levetiracetam and phenytoin [15]. Patients on sodium 
valproate when given levetiracetam in the present study showed 91% 
reduction in seizure frequency after 6  months of treatment. Earlier 
studies have shown that levetiracetam acts by binding with synaptic 
vesicle 2A protein (SV2A) a novel and different mechanism that adds 
to the efficacy of both phenytoin and sodium valproate [16]. Seizure 
control with levetiracetam and sodium valproate is significantly better 
than levetiracetam plus phenytoin combination in the present study is 
in accordance with an earlier study suggesting strong enhancement in 
seizure control when levetiracetam was combined with agents either 
enhancing GABAergic or reducing glutamatergic neurotransmission 
like sodium valproate and with another study suggesting lesser 
enhancement of efficacy when levetiracetam is combined with drug 
inhibiting sodium channel like phenytoin [17]. After 6  months of the 
two treatments, 50% of patients were seizure-free further, the seizure-
free patient number is 59% greater in the sodium valproate plus 

Assesed for eligibility
n=123

Excuded =0
Not meeting inclusion criteria =0
Decline to participate =0

Randomized (n=123)Enrollment/
Randomisation

Enrollment

Allocation

Follow-Up

Analysis

n=62 patients already on Phenytoin
were given Levetiracetam as

add on drug

n=61 patients already on Sodium
valproate were given

Levetiracetam as add on drug

Lost to follow up =9
Discontinued treatment =5

Lost to follow up =7
Discontinued treatment =6

Analyzed (n=48) Analyzed (n=48)

Fig. 1: CONSORT flow diagram

Table 1: Demographic profile of patients

Demographic 
variable

Data Group PL Group SL “p” value

Gender Female 15 21 0.206
Male 33 27

Age Mean Age 30.44 33.83 0.116
Education Illiterate 4 5 0.726

Literate 44 43
Area of 
residence

Urban 31 26 0.299
Rural 17 22

Group PL (Phenytoin + levetiracetam), Group SL (Sodium valproate + levetiracetam)

Table 2: Mean seizure frequency in the last 30 days at different 
time intervals

Seizure 
frequency

Group PL
Mean±sd

Group SL
Mean±sd

t‑value Inter group 
“p” value

0 Months 102.29±45.58 94.58±43.37 0.849 0.398
3 Months 42.17±19.31 38.44±18.11 0.976 0.331
6 Months 15.48±12.25 8.00±11.02 3.145 0.002*
Group PL (phenytoin + levetiracetam), group SL (sodium valproate + levetiracetam)

Table 3: Adverse drug reactions reported by the patients at 6th 
month

S. 
No.

Adverse effects Group PL
(n=48)

Group SL
(n=48)

p‑value

1 Drowsiness 22 13 0.052
2 Fatigue/Tiredness 14 6 0.044*
3 Dizziness 11 19 0.078
4 Somnolence 16 23 0.146
5 Irritability/Aggressiveness 16 18 0.670
6 Headache 13 19 0.194
7 Weight gain 0 0 ‑
8 Gum Hypertrophy 1 0 0.315
9 Hypersensitivity reaction 1 1 1
10 Poor memory/lack of 

concentration
1 1 1

11 G I Distress 4 5 0.726
Group PL (Phenytoin + levetiracetam), Group SL (Sodium valproate + levetiracetam), 
*“p” value <0.05 considered significant.

Fig. 2: Patient’s responses to the treatments
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levetiracetam group, suggesting its better efficacy than the phenytoin 
plus levetiracetam group.

In this comparative study, combined treatment did not show an 
increase in adverse effects as compared to monotherapy by phenytoin 
or sodium valproate or levetiracetam which shows levetiracetam does 
not add to the adverse effects. Earlier studies also do not show an 
increase of adverse effects when levetiracetam is used in combination 
with sodium valproate [10,18]. Only fatigue is more commonly seen 
in the phenytoin plus levetiracetam treated group than in the sodium 
valproate plus levetiracetam group, suggesting better tolerability of a 
combination of sodium valproate with levetiracetam. However, more 
studies are required to find out the cause of increased fatigue. Dizziness 
somnolence and headache is more in the levetiracetam plus sodium 
valproate treated group but on comparison between the two groups, 
it was statistically not significant [19]. A small number of patients and 
a short duration of study are the limitations of this work. Large sample 
size, longer follow-up and multicentric studies are needed for further 
evaluation of the safety and efficacy of combined use of levetiracetam 
with other AEDs.

CONCLUSION

Levetiracetam is a good adjuvant drug, effective in controlling 
breakthrough seizures in patients of GTCS on either phenytoin or 
sodium valproate monotherapy without an increase in adverse effects. 
The combination of levetiracetam with sodium valproate is more 
efficacious and safer than its combination with phenytoin to control 
breakthrough seizures in patients of GTCS.
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