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Background and Purpose: To determine the 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 definition and received anti-seizure medication with a seizure-free period of at 

least 2 months before breakthrough seizure episode, were included in the study. 

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. Most parents (69.5%) were unaware of the triggering factors of seizure. 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 (52.8%), and then non-compliance to 

medications in (34.3%) of the patients. In terms of the electroencephalogram, around 84 patients 

(77.8%) had abnormal electroencephalogram. Finally, monotherapy was maintained in 63.9% of 

patients.

Conclusions:  We conclude that the most common trigger for breakthrough seizure is a systemic 

infection associated with fever and non-compliance to anti-seizure medications. Increasing the level of 

awareness by different methods may help limit or even prevent seizures from occurring. Randomized 

controlled trials could shed light on the adjustment of anti-seizure medications temporarily by increasing 

the dosage or giving extra doses during the infection to avoid breakthrough seizures. (2023;13:13-18)
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Introduction

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.1 There is no 

clear definition for breakthrough seizure, but different reviewers de-

fine it as seizures that occur in epileptic patients on the optimal dos-

age of anti-seizure medications (ASMs) who had previously reason-

able consistent control of epilepsy and then got another seizure.2,3 

The International League Against Epilepsy (ILAE) considers break-

through seizures as evidence of inadequate control and hence treat-

ment failure after excluding poor treatment compliance and planned 

dose reductions.4 Despite the increased use of ASMs, long-term seiz-

ure control has remained the same.5,6 It is found that around 37% of 

the patients who have controlled seizures may still experience break-

through seizures.7 Many patients with epilepsy may have break-

through seizures despite good compliance with ASMs.8 In children, 

infection was the most common factor for breakthrough seizures. 

Other common factors that have been proposed include poor com-

pliance with ASMs, sleep deprivation, and playing video games or 

watching TV.9 Epilepsy with underlying brain damage from vari-

ous causes such as hypoxic ischemic injury and patient with global 

developmental delay can have breakthrough seizures even with ad-

equate compliance and no obvious triggers.10 
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Although breakthrough seizure is common, in our country the da-

ta 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.

Methods

Study design

This retrospective study reviewed the charts of children with epi-

lepsy 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 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 ILAE definition and received ASM with seizure-free periods 

of at least 2 months before breakthrough seizure episodes were in-

cluded in the study.11 Participants under one or more than 14 years of 

age, those without a seizure-free period of at least 2 months before a 

breakthrough seizure episode and patients with insufficient in-

formation 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, med-

ical and developmental history, family history of epilepsy, socio-

economic status, epilepsy type, number and duration of the break-

through seizure, awareness about seizure triggering factors, electro-

encephalogram (EEG) and neuroimaging findings, and the therapy. 

The type of epilepsy was classified as per ILAE.11 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 en-

sured for all participants.

Results

A total of 108 patients with breakthrough seizer from January 

2015 to August 2022 were included in the study. Information regard-

ing demographic characteristics, medical and developmental history, 

and potential seizure precipitant of these patients are described 

below. 

Demographics, clinical, workup and management 

characteristics of patients

Among the 108 patients, 60 (55.5%) were male and 48 (44.5%) 

were female. The average age was 6.8±1.6 years, ranging from 1 to 

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 precipitat-

ing 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 attention-deficit hyperactivity disorder and autism.

EEG findings were reported for all patients. Eighty-four patients 

(77.8%) had abnormal EEG. On the other hand, brain magnetic reso-

nance imagings (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 pa-

tients (81.75%) were prescribed levetiracetam, followed by valproic 

acid in 25 patients (23.1%). Table 1 summarizes the demographics, 
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Table 1. Demographics, clinical, workup and management characteristics 
of the 108 patients

　 Value

Gender 　
  Male 60 (55.5)

  Female 48 (44.5)

Age group 　
  <5 years 21 (19.5)

  5-10 years 57 (52.8)

  >5 years 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 ydrocephalus  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 (75.0)

  Above average (high class) 4 (3.7)

Awareness about seizures-triggering factors 　
  Yes 33 (30.5)

  No 75 (69.5)

Electroencephalogram 　
  Normal 24 (22.2) 

  Abnormal 84 (77.8)

Neuroimaging 　
  Not done 64 (59.3)

  Normal 25 (23.1)

  Abnormal 19 (17.6)

Anti-seizure medications 　
  Monotherapy 69 (63.9)

  Polytherapy 39 (36.1)

  Levetiracetam 81 (75.0)

  Valproic acid 25 (23.1)

  Topiramate 12 (11.2)

  Ethosuximide 9 (8.3)

  Carbamazepine  7 (6.44)

Values are presented as number (%).
ADHD, attention-deficit hyperactivity disorder.

Table 2. Epilepsy and seizure triggering factors characteristics

Value

Generalized onset seizure (76%)

  Epilepsy with generalized tonic-clonic seizures 71 (86.6)

  Childhood absence seizures 11 (13.4)

Focal onset seizure 26 (24.0)

Number of a breakthrough seizure

  1-3 81 (75.0)

  4-6 5 (4.6)

  >6 22 (20.4)

The average duration of seizure

  ≤5 minutes 80 (74.0)

  >5 minutes 28 (26.0)

Number of admissions due to breakthrough 
seizure

  0 48 (44.5)

  1-3 51 (47.2)

  4-6  7 (6.44)

  >6  2 (1.86)

Triggering factors

  Unknown triggering factors 13 (12.0)

  Single triggering factors 40 (37.0)

  Multiple triggering factors 55 (51.0)

Seizure triggering factors

  Fever with systemic infection 57 (52.8)

  Non-compliance 37 (34.3)

  Sleep deprivation 26 (24.0)

  Electronic device 22 (20.4)

  Pain 3 (2.8)

  Constipation 3 (2.8)

  Loud noise 2 (1.86)

  Cold weather 1 (0.93)

Values are presented as number (%).

clinical, workup and management characteristics of the patients.

Epilepsy and seizure triggering factors 

characteristics 

The majority of the patients, 82 (76%), had generalized onset seiz-

ure, of which 71 had epilepsy with generalized tonic-clonic seizures, 

11 had childhood absence seizures, and the remaining patients had 

focal onset seizures. Eighty-one (75%) of the patients had one to 

three breakthrough seizures, while 22 (20.4%) of those patients had 

more than six times. Additionally, 80 patients reported duration of 

seizure less than or equal to 5 minutes. Finally, around (55.5%) of 
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the patients required hospital admission due to breakthrough 

seizures.

Different precipitating factors for breakthrough seizures were ob-

served in this cohort, with most patients having at least one precip-

itating factor (88%). Among the patients, systemic infections asso-

ciated 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, con-

stipation, and loud noise were reported, mainly in patients with cere-

bral 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 seiz-

ure-triggering factors characteristics.

Discussion

Few studies have investigated the precipitating factors for break-

through 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 med-

ication in female than male patients. Generally, female patients are 

more compliant with therapy and seek health care better compared 

to men.12,13 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 et al.14 found that 57.6% of 

their patients were male, with a mean age of 6.3±4.7 years. In pre-

vious studies, low socioeconomic status has been associated with an 

increased risk of breakthrough seizures.14,15     

However, around two-thirds of our patients belonged to mid-

dle-class socioeconomic status. Our country provides free universal 

healthcare coverage through several government agencies, so the 

poverty is not the only single factor or significant cause of ill health 

and a barrier to accessing healthcare when needed.16 Additionally, 

we found that most parents and caregivers were unaware of the trig-

gering 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 fol-

lowing in highly specialized centers for advanced diagnostic skills, 

medications and equipment's, that may needed, which are not avail-

able in our hospital.          

Multiple studies found that structural malformation, genetic dis-

orders, and severe brain injury were a predictor of poorly controlled 

epilepsy.17,18 In our study, we also found that patients with cerebral 

palsy or who have genetic or syndromic causes have a high rate of 

breakthrough seizures. In our study, most patients (76%) have gen-

eralized epilepsy, while the remaining had focal epilepsy type, con-

sistent with the previous research results.9 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 5 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.9,14,19 We found different triggering factors in our patients, 

with most presenting with more than one factor suggesting a com-

plex interplay of mechanisms by various factors, consistent with pre-

vious studies.9,14 Precipitant factors for seizure may differ from per-

son to person and according to the type of seizure due to varied 

pathophysiology.20 In the present study, systemic infections asso-

ciated with fever, such as chest and upper respiratory tract infections, 

have been reported as the most common triggering factor for seiz-

ures in one-half of the patients. Similarly, in a study of 80 patients, 

Thandapani et al.9 found that most breakthrough seizures were asso-

ciated with infection. The mechanism through which infections cause 

seizures is still poorly understood. However, it is thought to cause in-

creases in metabolic stress and may decrease the seizure 

threshold.9,20 This has essential for adjusting the medication for bet-

ter seizure control. On the other hand, missing medication, emo-

tional stress, and sleep deprivation are the most common triggering 

factor in adults, which is attributed to more susceptibility to in-

fections in children than adults and underdeveloped immune systems 

in children.2,21

Non-compliance with medication came as the second triggering 

factor in around one-third of the patients. This is similar to many oth-

er studies.9,14   

The most common reason for poor compliance was forgetting to 
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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.9 Sleep deprivation is well known to increase the incidence of 

inter-ictal epileptiform discharges. Thus, it has long been used as a 

precipitating factor in epilepsy patients for ictal studies.22

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 flash-

lights, and playing video games.9,23,24 Photic stimulation is very well 

known to increase the frequency of breakthrough seizures in gener-

alized 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.25

Constipation and pain have also rarely been reported as precip-

itant factors for seizures.26 However, the exact relationship is still 

unknown. In our study, we found that constipation and pain were as-

sociated with breakthrough seizures in most of the patients with cer-

ebral palsy. Avorio et al.26 have described associations between con-

stipation 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.26,27 

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 abnormal EEG findings are significant 

predictors of poor epilepsy control.28-30

Although neuroimaging may help evaluate patients with epilepsy, 

neuroimaging is not necessary or indicated for patients with general-

ized epilepsy, as observed in our study.31,32 In this study, brain MRI 

was done for around 44 patients; of them, 43% (19 patients) had 

abnormal findings associated with a high frequency of breakthrough 

seizures than the patients with normal results. Most of these were ei-

ther acquired pathological or congenital findings. Similarly, Tripathi 

et al.33 concluded that breakthrough seizure was statistically higher 

among patients with abnormal neuroimaging findings.

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 find-

ing has also been observed in other studies.9,14 Monotherapy has 

been promoted as the ideal in epilepsy treatment because of better 

compliance, fewer side effects, and improved seizure control com-

pared 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 re-

sults may be limited. Second, there is no objective evidence of precip-

itants and it is based on the subjective perception of parents or 

caregivers. Further prospective studies with a larger sample and sam-

pling from various hospitals are recommended. However, the find-

ings of this study will provide better counseling for epilepsy patients 

on potential triggering factors and their avoidance. 

Our data concludes that the most common trigger for break-

through 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 dur-

ing the infection to avoid breakthrough seizures.

Conflict of Interest

The authors declare that they have no conflicts of interest.

Acknowledgments

We would like to thank and show our gratitude to the training, ed-

ucation center, and academic affairs at King Fahad Hospital in the 

Al-Baha region, Saudi Arabia. 

References

 1. Moran NF, Poole K, Bell G, et al. Epilepsy in the United Kingdom: seizure 
frequency and severity, anti-epileptic drug utilization and impact on life 
in 1652 people with epilepsy. Seizure 2004;13:425-33. 

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

 3. American Academy of Orthopeadic Surgeons. Emergency care and trans-
portation of the sick and injured. 9th ed. Sudbury: Jones & Bartlett 
Publishers; 2006;456.



18 Journal of Epilepsy Research Vol. 13, No. 1, 2023

Copyright ⓒ 2023 Korean Epilepsy Society

 4. Kwan P, Arzimanoglou A, Berg AT, et al. Definition of drug resistant 
epilepsy: consensus proposal by the ad hoc task force of the ILAE com-
mission on therapeutic strategies. Epilepsia 2010;51:1069-77.

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

 6. Chen Z, Brodie MJ, Liew D, Kwan P. Treatment outcomes in patients 
with newly diagnosed epilepsy treated with established and new anti-
epileptic drugs: a 30-year longitudinal cohort study. JAMA Neurol 
2018;75:279-86.

 7. Pellock JM, Bourgeois BF, Dodson E, Nordli Jr DR, Sankar R. Pediatric 
epilepsy: diagnosis and therapy. 3rd ed. New York: Springer Publishing 
Company; 2007;895.

 8. Bonnett LJ, Powell GA, Tudur Smith C, Marson AG. Breakthrough seiz-
ures-further analysis of the standard versus new antiepileptic drugs 
(SANAD) study. PLoS One 2017;12:e0190035.

 9. Thandapani K, Revathi K, Kumar TB. Factors precipitating breakthrough 
seizures in childhood epilepsy. J Pediatr Neurosci 2021;16:267-357. 

10. Cockerell OC, Johnson AL, Sander JW, Shorvon SD. Prognosis of epilepsy: 
a review and further analysis of the first nine years of the British National 
General Practice Study of Epilepsy, a prospective population-based study. 
Epilepsia 1997;38:31-46.

11. Scheffer IE, Berkovic S, Capovilla G, et al. ILAE classification of the epi-
lepsies: position paper of the ILAE commission for classification and 
terminology. Epilepsia 2017;58:512-21. 

12. Orlando V, Mucherino S, Guarino I, Guerriero F, Trama U, Menditto E. 
Gender differences in medication use: a drug utilization study based 
on real world data. Int J Environ Res Public Health 2020;17:3926. 

13. Rutten LJ, Arora NK, Bakos AD, Aziz N, Rowland J. Information needs 
and sources of information among cancer patients: a systematic review 
of research (1980-2003). Patient Educ Couns 2005;57:250-61.

14. Khalid H, Arif S, Hashmat A, Arif S, Farrukh H. An analysis of break-
through seizures and related factors in paediatric epilepsy patients. J 
Pak Med Assoc 2022;72:280-3.

15. Kaiboriboon K, Bakaki PM, Lhatoo SD, Koroukian S. Incidence and preva-
lence of treated epilepsy among poor health and low-income Americans. 
Neurology 2013;80:1942-9.

16. Al Asmri M, Almalki MJ, Fitzgerald G, Clark M. The public health care 
system and primary care services in Saudi Arabia: a system in transition. 
East Mediterr Health J 2020;26:468-76.

17. Berg AT, Levy SR, Novotny EJ, Shinnar S. Predictors of intractable epilepsy 

in childhood: a case-control study. Epilepsia 1996;37:24-30.  
18. Poudel P, Chitlangia M, Pokharel R. Predictors of poor seizure control 

in children managed at a tertiary care hospital of eastern nepal. Iran 
J Child Neurol 2016;10:48-56. 

19. Aird RB. The importance of seizure-inducing factors in the control of 
refractory forms of epilepsy. Epilepsia 1983;24:567-83. 

20. Berg AT, Shinnar S. Unprovoked seizures in children with febrile seizures: 
short-term outcome. Neurology 1996;47:562-8. 

21. Alshamrani FJ, Alshurem MA, Almuaigel MF, AlMohish NM. Epilepsy trig-
ger factors in Saudi Arabia. A missing part of the puzzle. Saudi Med 
J 2020;41:828-33. 

22. Bazil CW, Walczak TS. Effects of sleep and sleep stage on epileptic and 
nonepileptic seizures. Epilepsia 1997;38:56-62. 

23. Graf WD, Chatrian GE, Glass ST, Knauss TA. Video game-related seizures: 
a report on 10 patients and a review of the literature. Pediatrics 
1994;93:551-6. 

24. Kumar S. Factors precipitating breakthrough seizures in well-controlled 
epilepsy. Indian Pediatr 2005;42:182-3.

25. Harding G, Wilkins AJ, Erba G, Barkley GL, Fisher RS. Photic- and pat-
tern-induced seizures: expert consensus of the Epilepsy Foundation of 
America Working Group. Epilepsia 2005;46:1423-5.

26. Avorio F, Cerulli Irelli E, Morano A, et al. Functional gastrointestinal dis-
orders in patients with epilepsy: reciprocal influence and impact on seiz-
ure occurrence. Front Neurol 2021;12:705126. 

27. Moezi L, Pirsalami F, Inaloo S. Constipation enhances the propensity to 
seizure in pentylenetetrazole-induced seizure models of mice. Epilepsy 
Behav 2015;44:200-6. 

28. Ko TS, Holmes GL. EEG and clinical predictors of medically intractable 
childhood epilepsy. Clin Neurophysiol 1999;110:1245-51. 

29. Malik MA, Hamid MH, Ahmed TM, Ali Q. Predictors of intractable child-
hood epilepsy. J Coll Physicians Surg Pak 2008;18:158-62.

30. Seker Yilmaz B, Okuyaz C, Komur M. Predictors of intractable childhood 
epilepsy. Pediatr Neurol 2013;48:52-5. 

31. Wieshmann UC. Clinical application of neuroimaging in epilepsy. J Neurol 
Neurosurg Psychiatry 2003;74:466-70.

32. Kuzniecky RI. Neuroimaging of epilepsy: therapeutic implications. 
NeuroRx 2005;2:384-93. 

33. Tripathi M, Padhy UP, Vibha D, et al. Predictors of refractory epilepsy 
in north India: a case-control study. Seizure 2011;20:779-83.


