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Abstract
Purpose: To determine the frequency and common 
precipitating factors for breakthrough seizures in children 
with epilepsy.

Methods: This retrospective study reviewed the charts 
of children with epilepsy who were followed up in the 
pediatric neurology clinic of King Fahad Hospital in Al-Baha 
region, Saudi Arabia, between January 2015 and August 
2022. Children between 1 to 14 years of age who had 
epilepsy, as per the International League against Epilepsy 
(ILAE) definition, and received anti-seizure medication 
with a seizure-free period of at least two months before 
breakthrough seizure episode, were included in the study. 
Participants under one or more than fourteen years of age, 
those without a seizure-free period of at least two months 
before a breakthrough seizure episode, and patients with 
insufficient information were excluded.

Results: Of the 108 children included in the study, the 
mean age was (6.8 ± 1.6) years, and among them, (55.5%) 
were male, and approximately (22.2%) presented with 
a family history of epilepsy in first-degree relatives. Up to 
71.3% (77 of 108) had normal medical and developmental 
history and around (75%) of the patients belonged to a 
socioeconomic status equivalent to the middle class. Most 
parents and caregivers (n = 75, 69.5%) were unaware of the 
triggering factors of seizure. In total, 82 (76%) patients had 
generalized epilepsy type. The majority of patients (88%) 
reported at least one precipitating factor for breakthrough 
seizures, and the most common one was systemic infection 
associated with fever, such as chest and upper respiratory 
tract infection (52.8%), and then non-compliance to 
medications in (34.3%) of the patients. The most common

reason for non-compliance forgot to take medication 67.5% 
(25 of 37). In terms of the EEGs, around 84 (77.8%) patients 
had abnormal EEGs. Also, a brain MRI was done for around 
44 patients; 43% (19 of 44) had abnormal findings. Finally, 
Monotherapy was maintained in 63.9% of patients (n = 69), 
and Levetiracetam was used as the most common ASMs in 
around (75%) of the patients.

Conclusion: Based on our data, we conclude that the most 
common trigger for breakthrough seizures is a systemic 
infection associated with fever and non-compliance 
to ASMs. Increasing the level of awareness through 
educational programs and media alongside one another 
in health centers, schools, and public spaces may help 
limit or even prevent seizures from occurring. Randomized 
controlled trials could shed light on the adjustment of ASMs 
temporarily by increasing the dosage or giving extra doses 
during the infection to avoid breakthrough seizures.
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Introduction
Epilepsy is a group of non-communicable neurological 

disorders characterized by recurrent epileptic seizures 
resulting from abnormal and excessive neuronal 
activity in the brain cortex [1,2]. Epilepsy is the most 
frequent chronic neurologic disorder in children [3,4]. 
The prevalence of childhood epilepsy in Saudi Arabia 
is estimated to be 5.5-6.54/per 1000 inhabitants [5,6]. 
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people in and around this region, after the approval of 
the institutional review board (IRB). Children between 
1 to 14 years of age who had epilepsy, as per the 
International League against Epilepsy (ILAE) definition, 
and received ASM with seizure-free periods of at least 
two months before breakthrough seizure episodes 
were included in the study [7]. Participants under one 
or more than fourteen years of age, those without 
a seizure-free period of at least two months before 
a breakthrough seizure episode, and patients with 
insufficient information were excluded.

Data collection
Data were collected from the patient’s medical 

records, which were encoded in an Excel sheet. Data 
included the age, gender, medical and developmental 
history, family history of epilepsy, socioeconomic status, 
epilepsy type, number and duration of the breakthrough 
seizure, awareness about seizure triggering factors, EEG 
and neuroimaging findings, and the therapy. The type of 
epilepsy was classified as per ILAE [7]. The selected factors 
precipitating seizures were based on potential triggers 
identified from previous studies, which include infection, 
non-compliance, sleep deprivation, emotional stress, 
using an electronic device, and constipation. The reason 
for non-compliance, for example, missing or disliking 
medicines and not accessible drugs, was collected.

Statistical analyses
Statistical analysis was performed using IBM SPSS 

Statistics for Windows, version 26 (IBM Corp., Armonk, 
NY, USA). All numerical variables were analyzed and 
described as means and standard deviations. On the 
other hand, categorical variables were analyzed in the 
form of counts and percentages. Statistical significance 
was set at p < 0.05.

Ethical considerations
This study was approved by the Institutional Review 

Board of the King Fahad Hospital in the Al-Baha region, 
Saudi Arabia (IRB: No.23082022/4). The study was 
conducted following the Declaration of Helsinki for 
human studies. Informed consent was waived due to 
the retrospective nature of the study. Confidentiality of 
the data was ensured for all participants.

Results
A total of 108 patients with breakthrough seizer 

from January 2015 to August 2022 were included 
in the study. Information regarding demographic 
characteristics, medical and developmental history, 
and potential seizure precipitant of these patients are 
described below.

Demographics and clinical characteristics of 
patients

Among the 108 patients, 60 (55.5%) were men, and 
48 (44.5%) were women. The average age was 6.8 ± 1.6 

According to International League Against Epilepsy 
(ILAE) 2017 Classification, the causes of epilepsy can be 
broadly classified into six categories: genetic, infectious, 
metabolic, structural, immune, and unknown [7,8].

The diagnosis of epilepsy is primarily based on a 
detailed history, which is the cornerstone of an accurate 
diagnosis that can help differentiate seizures from 
other common clinical events that can mimic seizures. 
Evaluated for potential underlying causes such as genetic, 
metabolic, immune-mediated, or neurodegenerative 
disorders is indicated if the history, physical examination, 
electroencephalogram (EEG), and brain MRI do not 
reveal an etiology for recurrent seizures [9].

Anti-seizure medications (ASMs) are the initial 
and mainstay of treatment for children with newly 
diagnosed epilepsy. Despite the increased use of these 
medications, long-term seizure control has remained 
the same [10,11]. Other treatment modalities, such as 
surgery and non-pharmacological measures, may be 
required in selected cases [12,13].

There is no clear definition for breakthrough seizure, 
but different reviewers define it as seizures that occur 
in epileptic patients on the optimal dosage of ASM 
who had previously reasonable, consistent control 
of epilepsy and then got another seizure [14,15]. The 
ILAE considers breakthrough seizures as evidence of 
inadequate control and hence treatment failure after 
excluding poor treatment compliance and planned 
dose reductions [16]. It is found that around 37% of 
the patients who have controlled seizures may still 
experience breakthrough seizures [17].

Breakthrough seizures can have severe clinical 
consequences and negatively impact the patient’s family 
and social life. It can progress to status epilepticus, 
which requires hospitalization [18]. Many patients with 
epilepsy may have breakthrough seizures despite good 
compliance with ASMs [19]. In children, infection was 
the most common factor for breakthrough seizures. 
Other common factors that have been proposed include 
poor compliance with ASM, sleep deprivation, and 
playing video games or watching TV [20].

Although breakthrough seizure is common, in our 
country, the data is scarce on children. Recognizing and 
avoiding such factors as an adjuvant to ASM therapy 
may prove beneficial. Hence we conduct this study 
to identify the frequency and precipitating factors for 
breakthrough seizures in childhood epilepsy.

Materials and Methods

Study design
This retrospective study reviewed the charts of 

children with epilepsy who were followed up in the 
pediatric neurology clinic of King Fahad Hospital in Al-
Baha region, Saudi Arabia, between January 2015 and 
August 2022, which is a tertiary center that caters to 
the healthcare needs of primarily rural and suburban 
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of the patients required hospital admission due to 
breakthrough seizures.

Different precipitating factors for breakthrough 
seizures were observed in this cohort, with most patients 
having at least one precipitating factor (88%). Among 
the patients, systemic infections associated with fever, 
such as chest and upper respiratory tract infections, 
are the most commonly reported factor, accounting 
for (52.8%) of the cases, followed by non-compliance in 
(34.3%), sleep deprivation (24%) and electronic device 
(20.4%). Less commonly, pain, constipation, and loud 
noise were reported, mainly in patients with cerebral 
palsy. Among the reasons for non-compliance, 25 
patients (67.5%) reported forgetting to take medicine 
as the most common cause. Table 2 summarizes the 
characteristics of Epilepsy and seizure-triggering factors 
characteristics.

Workup and management characteristics
EEG findings were reported for all patients. Eighty-

four patients (77.8%) had abnormal EEG. On the other 
hand, brain MRIs were reported in 44 (40.7%) of the 
patients, of which 19 had abnormal findings. In total, 
69 patients (63.9%) were on Monotherapy, and 39 were 
on more than one ASM. Most patients (81.75%) were 
prescribed Levetiracetam, followed by valproic acid in 
25 patients (23.1%) (Table 3).

years, ranging from 1-14 years of age, and the patients 
aged between 5 to 10 years had the most significant 
burden of breakthrough seizures (57%). Additionally, 
24 patients (22.2%) had a positive family history of 
epilepsy, and around (75%) of the patients belonged to 
a socioeconomic status equivalent to the middle class. 
In approximately, (69.5%) of the cases, the parents and 
caregivers were unaware of the common precipitating 
factors for breakthrough seizures.

Among the cohort, 77 patients (71.3%) had normal 
medical and developmental history, and 11 (10.18%) 
had cerebral palsy. Furthermore, nine patients had 
genetic and syndrome disorders, while another had 
neurodevelopmental and behavioral disorders such as 
ADHD and Autism. Table 1 summarizes the demographic 
and clinical characteristics of the patients.

Epilepsy and seizure triggering factors character-
istics

The majority of the patients, 82 (76%), had 
generalized epilepsy types, of which 71 had generalized 
seizures, 11 had absence seizures, and the remaining 
patients had focal seizures. Eighty-one (75%) of the 
patients had one to three breakthrough seizures, while 
(20.4%) of those patients had more than six times. 
Additionally, 80 patients reported duration of seizure 
less than or equal to five minutes. Finally, around (55%) 

Table 1: Demographics and clinical characteristics of the 108 patients.

Number Percentage
Gender Male 60 55.5

Female 48 44.5

Age group

< 5 Y 21 19.5

5-10 Y 57 52.8

> 5 Y 30 27.7

Developmental and medical history Normal 77 71.3

Cerebral palsy 11 10.18

Genetic and syndromic  9 8.3

ADHD, Autism, and intellectual disability 4 3.7

Speech delayed 3 2.8

Hypothyroidism 2 1.86

Congenital hydrocephalus 1 0.93

Rhabdomyoma 1 0.93

Family history of epilepsy Yes 24 22.2

No 84 77.8

Socioeconomic status

Below average

(Low class)

23 21.3

Average 

(Middle class)

81 75

Above average 

(High class)

4 3.7

Awareness about seizures-triggering factors Yes 33 30.5

No 75 69.5

https://doi.org/10.23937/2469-5769/1510117
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Table 2: Epilepsy and seizure triggering factors characteristics.

Number of patients Percentage

Seizure type
Generalized  82 76

Focal 26 24

Number of a breakthrough seizure 

1-3 81 75

4-6 5 4.6

> 6 22 20.4

The average duration of seizure  
≤ 5 minutes 80 74

> 5 minutes 28 26

Number of admissions due to 
breakthrough seizure  

Zero 48 44.5

1-3 51 47.2

4-6 7 6.44

> 6 2 1.86

Unknown triggering factors 13 12

Single triggering factors 40 37

Multiple triggering factors 55 51

Seizure triggering factors 

Systemic infection with fever 57 52.8

Non-compliance 37 34.3

Sleep deprivation 26 24

Electronic device 22 20.4

Pain 3 2.8

Constipation 3 2.8

Loud noise 2 1.86

Cold weather 1 0.93

Table 3: Workup and management characteristics.

Number Percentage

Electroencephalogram

Normal 24 22.2

Abnormal 84 77.8

Neuroimaging

Not done  64 59.3

Normal 25 23.1

Abnormal 19 17.6

Monotherapy 69 63.9

Polytherapy 39 36.1

Anti-seizure medication 

Levetiracetam 81 75

Valproic acid 25 23.1

Topiramate 12 11.2

Ethosuximide 9 8.3

Carbamazepine 7 6.44

female than male patients. Generally, Female patients 
are more compliant with therapy and seek health care 
better when compared to men [21,22]. Additionally, we 
found that children aged between 5 to 7 years had more 
chances of having breakthrough seizures than other age 
groups, which could be due to more prone to infection 
or other environmental changes. Similarly, Khalid H, et 
al. found that 57.6% of their patients were male, with 
a mean age of 6.3 ± 4.7 years [23]. In previous studies, 
low socioeconomic status has been associated with 
an increased risk of breakthrough seizures [23,24]. 
However, around two-thirds of our patients belonged 

Discussion
Few studies have investigated the precipitating 

factors for breakthrough seizures in children. Therefore, 
our study aimed to explore the frequency and common 
precipitating factors for breakthrough seizure in a 
cohort of 108 children who were followed up at a 
tertiary center.

We found that the prevalence of breakthrough 
seizures is slightly higher in males than females, with a 
mean age of 6.8 ± 1.6 years, which may be due to more 
adherence and better compliance to medication in 
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adults and underdeveloped immune systems in children 
[14,31].

Non-compliance with medication came as the second 
triggering factor in around one-third of the patients. 
This is similar to many other studies [20,23]. The most 
common reason for poor compliance was forgetting 
to take medicine which probably reflects inadequate 
counseling about strict adherence and maintaining a 
seizure diary. The second reasons were boredom and 
fear of the side effects of using the treatment for a long 
time.

Sleep deprivation was the third common trigger 
factor reported among our patients (24%), consistent 
with a previous study [20]. Sleep deprivation is well 
known to increase the incidence of interictal epileptiform 
discharges. Thus, it has long been used as a precipitating 
factor in epilepsy patients for ictal studies [32].

Additionally, we found that excessive use of 
electronic devices was associated with breakthrough 
seizures in around one-fourth of our patients. This is 
similar to other studies that reported some cases of 
breakthrough seizures developed after watching TV, 
using Flashlights, and playing video games [20,33,34]. 
Photic stimulation is very well known to increase the 
frequency of breakthrough seizures in generalized 
epilepsies and rarely in focal seizures. Thus, it is widely 
used in routine video-EEG and can contribute to 
diagnosing and managing patients suspected of having 
epilepsy [35].

Constipation and pain have also rarely been reported 
as precipitant factors for seizures [36]. However, the 
exact relationship is still unknown. In our study, we 
found that constipation and pain were associated with 
breakthrough seizures in most of the patients with 
cerebral palsy. Avorio, et al. have described associations 
between constipation and increased seizure frequency 
among adult study participants. They observed that in 
the epileptic patients with drug-resistant, the seizures 
tended to occur or cluster mainly during constipation 
[36,37].

Regarding the EEG, we found that around three-
quarters of the patients had abnormal EEG, suggesting 
an association between breakthrough seizures and 
abnormal EEG findings. This agrees with previous 
studies that reported that abnormal EEG findings were 
significant predictors of poor epilepsy control [38-40].

Although neuroimaging may help evaluate patients 
with epilepsy, neuroimaging is not necessary or 
indicated for patients with generalized epilepsy, as 
observed in our study [41,42]. In this study, brain MRI 
was done for around forty-four patients; of that, 43% 
(Nineteen patients) had abnormal findings associated 
with a high frequency of breakthrough seizures than the 
patients with normal results. Most of these were either 
acquired pathological or congenital findings. Similarly, 

to middle-class socioeconomic status. Though our 
country provides free universal healthcare coverage 
through several government agencies, poverty is not 
the only single factor or significant cause of ill health 
and a barrier to accessing healthcare when needed [25].

Additionally, we found that most parents and 
caregivers were unaware of the triggering factors of 
seizures, which significantly impacted the patient’s and 
family’s quality of life.

In this study, we observed that around one-fourth 
of the patients had a family history of epilepsy, and 
more than three-quarters had normal developmental 
and medical history apart from epilepsy; this might be 
due to most of the epileptic patients with comorbidities 
following in highly specialized centers. Multiple studies 
found that structural malformation, genetic disorders, 
and severe brain injury were a predictor of poorly 
controlled epilepsy [26,27]. In our study, we also found 
that patient with cerebral palsy or who have genetic 
or syndromic causes have a high rate of breakthrough 
seizures.

In our study, most patients (76%) have generalized 
epilepsy, while the remaining had focal epilepsy type, 
consistent with the previous research results [20]. This 
probably reflects that generalized epilepsy is the most 
common type of epilepsy. Moreover, we found most 
patients had less than three breakthrough seizures from 
the time of diagnosis, with three-quarters reporting 
duration of fewer than five minutes, and around one-
half of the patients required hospital admission for 
management. However, no previous study has reported 
similar findings.

Several studies have documented different types of 
seizure triggers [20,23,28]. We found different triggering 
factors in our patients, with most presenting with 
more than one factor suggesting a complex interplay 
of mechanisms by various factors, consistent with 
previous studies [20,23]. Precipitant factors for seizure 
may differ from person to person and according to the 
type of seizure due to varied pathophysiology [29].

In the present study, systemic infections associated 
with fever, such as chest and upper respiratory tract 
infections, have been reported as the most common 
triggering factor for seizures in one-half of the patients. 
Similarly, in a study of 80 patients, Thandapani K, et al. 
found that most breakthrough seizures were associated 
with infection [20]. The mechanism through which 
infections cause seizures is still poorly understood. 
However, it’s thought to cause increases in metabolic 
stress and may decrease the seizure threshold [29,30]. 
This has essential for adjusting the medication for better 
seizure control. On the other hand, missing medication, 
emotional stress, and sleep deprivation are the most 
common triggering factor in adults, which is attributed 
to more susceptibility to infections in children than 
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factors, and management: A systematic review. International 
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Research 10: 92-99.

7.	 Scheffer IE, Berkovic S, Capovilla G, Connolly MB, French 
J, et al. (2017) ILAE classification of the epilepsies: Position 
paper of the ILAE Commission for Classification and 
Terminology. Epilepsia 58: 512-521.

8.	 Fisher RS, Cross JH, French JA, Higurashi N, Hirsch E, 
et al. (2017) Operational classification of seizure types by 
the International League Against Epilepsy: Position Paper 
of the ILAE Commission for Classification and Terminology. 
Epilepsia 58: 522-530.

9.	 Wilmshurst JM, Gaillard WD, Vinayan KP, Tsuchida TN, 
Plouin P, et al. (2015) Summary of recommendations for 
the management of infantile seizures: Task Force Report 
for the ILAE Commission of Pediatrics. Epilepsia 56: 1185-
1197.

10.	Bialer M, White HS (2010) Key factors in the discovery 
and development of new antiepileptic drugs. Nat Rev Drug 
Discov 9: 68-82.

11.	Chen Z, Brodie MJ, Liew D, Kwan P (2018)  Treatment 
outcomes in patients with newly diagnosed epilepsy treated 
with established and new antiepileptic drugs: A 30-year 
longitudinal cohort study. JAMA Neurol 75: 279-286.

12.	Kossoff E (2016)  The ketogenic diet and other dietary 
therapies for the treatment of epilepsy.

13.	Gurbani S, Chayasirisobhon S, Cahan L, Choi S, Enos B, 
et al. (2016) Neuromodulation therapy with vagus nerve 
stimulation for intractable epilepsy: A 2-year efficacy 
analysis study in patients under 12 years of age. Epilepsy 
Res Treat 2016: 9709056.

14.	Kaddumukasa M, Kaddumukasa M, Matovu S, Katabira E 
(2013) The frequency and precipitating factors for 
breakthrough seizures among patients with epilepsy in 
Uganda. BMC Neurol 13: 182.

15.	(2006) American Academy of Orthopeadic 
Surgeons. Emergency care and transportation of the sick 
and injured.

16.	Kwan P, Arzimanoglou A, Berg AT, Brodie MJ, Hauser WA, 
et al. (2010) Definition of drug resistant epilepsy: Consensus 
proposal by the ad hoc Task Force of the ILAE Commission 
on Therapeutic Strategies. Epilepsia 51: 1069-1077.

17.	Pellock JM, Dodson WE, Bourgeois BF (2008) Pediatric 
epilepsy: Diagnosis and Therapy. Springer Publishing 
Company, New York.

18.	Moran NF, Poole K, Bell G, Solomon J, Kendall S, et al. 
(2004) Epilepsy in the United Kingdom: Seizure frequency 
and severity, anti-epileptic drug utilization and impact on life 
in 1652 people with epilepsy. Seizure 13: 425-433.

19.	Bonnet LJ, Powell GA, Smith CT, Marson AG (2017) 
Breakthrough seizures - further analysis of the standard 
versus new antiepileptic drugs (SANAD) study. PLoS One 
12: 0190035.

Tripathi, et al. concluded that breakthrough seizure 
was statistically higher among patients with abnormal 
neuroimaging findings [43].

The goal of epilepsy therapy is to help patients 
achieve seizure freedom without breakthrough seizures 
and adverse effects. Our study found that around 
two-thirds of the patients are on single ASM. Among 
them, Levetiracetam is the most ASMs used. This 
finding has also been observed in other studies [20,23]. 
Monotherapy has been promoted as the ideal in 
epilepsy treatment because of better compliance, fewer 
side effects, and improved seizure control compared 
to polytherapy. However, polytherapy also strongly 
impacted seizure control, especially in patients with 
intractable epilepsy.

This study has some limitations. First, it is a 
retrospective study conducted at a single center; 
therefore, the generalizability of the results may be 
limited. Second, there is no objective evidence of 
precipitants, and it is based on the subjective perception 
of parents or caregivers. Further prospective studies 
with a larger sample and sampling from various hospitals 
are recommended. However, the findings of this study 
will provide better counseling for epilepsy patients on 
potential triggering factors and their avoidance.

Conclusion
Our data concludes that the most common trigger for 

breakthrough seizures is a systemic infection associated 
with fever, such as chest and upper respiratory tract 
infection, and then non-compliance to ASMs. Increasing 
the level of awareness through educational programs 
and media alongside one another in health centers, 
schools, and public spaces may help limit or even prevent 
seizures from occurring. Randomized controlled trials 
could shed light on the adjustment of ASMs temporarily 
by increasing the dosage or giving extra doses during 
the infection to avoid breakthrough seizures.
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