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Background: The purpose of this study is to determine the prevalence, risk factors, and characteristics of seizures and epilepsy in children with acquired brain injury (ABI), and compare their outcomes with children with ABI but no seizures.

Method: Basic demographic data, clinical features, brain injury severity, seizure and epilepsy characteristics, and functional and neurodevelopmental outcomes of children with ABI with follow-up of at least 2 years were reviewed. Logistic regression was performed to determine the risk factors for seizures.

Results: The study included 82 children with ABI due to tumors, trauma, hypoxia, stroke, infection, and neuro-inflammatory disorders. There were 43 (52%) boys. The median age at diagnosis was 2.9 years and median follow-up interval was 5 years. A total of 27 (33%) children experienced seizures and 20 (24%) were diagnosed as having epilepsy. Risk factors for seizures included cortical brain injury (p = 0.013) and central nervous system (CNS) infection (p = 0.001). Among those with seizures, seven had acute seizures within 7 days of ABI. The median time of onset of epilepsy after ABI was 2 years, and five children had refractory epilepsy (RE) needing more than two anti-epileptics. The hazard ratio (HR) for epilepsy in those with cortical brain injuries and CNS infections were 4.582 (95% CI [1.83, 11.49], p = 0.001) and 4.796 (95% CI [1.568, 14.67], p = 0.006), respectively. HR for epilepsy onset in those who had post-stroke seizures were 4.467, 95% CI [1.575, 12.67], p =0.005). Most subjects demonstrated significant improvements in Karnofsky Performance Scale (KPS) scores following rehabilitation (p < 0.0001); however, a greater proportion of children with post-ABI seizures required special educational services (p = 0.025).

Conclusion: Cortical brain injuries, CNS infection and post-stroke seizures significantly increase the risk of epilepsy in children with ABI. While functional improvements were observed after rehabilitation, children with post-ABI seizures more often required special educational support. The identification of risk factors for seizures, time to epilepsy onset, and the functional outcomes can guide subsequent management and counseling.
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Introduction

Acquired brain injury (ABI) occurs after birth and can result from trauma, tumor, infection, hypoxia, stroke, or immune-mediated disorders, but excludes sustained birth trauma, and congenital and degenerative causes (1). In children, ABI can disrupt brain development causing detrimental consequences for physical and mental health with long-lasting sequelae. Seizure is one of the most common sequelae that might occur in both the acute and subacute phases post-ABI. Studies have found that post-ABI seizures can manifest from 1 week to several decades following ABI, with a significant proportion of cases occurring within the first-year post-injury (2, 3). Despite recognizing the variability in timing, there remains a significant gap in understanding which specific ABI etiologies are associated with the highest risk of developing seizures. Majority of existing studies on seizure risks and neurodevelopmental outcomes in pediatric post-ABI looked at a single etiology (4–7), with only a few comparing the clinical outcomes between the different ABI etiologies (8, 9).

Existing literature reports a wide range of post-ABI epilepsy prevalence, spanning from 5 to 20% (10). This variability might be related to the different etiologies, types or severity of ABI, it might also be attributed to differing definitions of epilepsy across studies. According to the International League Against Epilepsy (ILAE) 2017 criteria, epilepsy is diagnosed after at least two unprovoked seizures more than 24 h apart, or a single unprovoked seizure with a high risk of recurrence. Hence, some studies define post-ABI epilepsy based solely on a single late post-traumatic seizure, reflecting the elevated likelihood of future seizures (11) but others would adopt the more conservative criterion of two unprovoked seizures (12, 13); patients were classified with brain tumor-related epilepsy (BTRE) if they had one or more unprovoked seizures at or after diagnosis of brain tumor (14); patients were only diagnosed with autoimmune encephalitis-associated epilepsy if seizures persist for more than 2 years after immunotherapy with no signs of ongoing encephalitis radiologically and biochemically (15), while others such as post-stroke epilepsy (16) would be classified at least two unprovoked seizures after acute phase of stroke. This inconsistency in operational definitions hampers accurate prevalence estimation and comparability across studies, highlighting a crucial gap in standardized diagnostic criteria for post-ABI epilepsy. Addressing this gap is essential as it can impact clinical management such as prescriptions of anti-epileptic medications for children at risk of post-ABI epilepsy.

Existing studies conducted on the adult population with traumatic brain injury demonstrated that post-traumatic epilepsy is a major driver of the neurological, emotional and occupational disability associated with traumatic brain injury (TBI) (17). Seizures cause secondary injury after acquired brain injuries, often exacerbating neurodegeneration, inflammation and blood–brain barrier dysfunction (18). Seizure also impairs neurological recovery after brain injury and had been found to independently associated with poor functional outcomes. For the young developing brain, the impact of seizure post brain injury might be even greater than the adult population as it significantly disrupts the developmental trajectory during the critical periods of brain development (19). Nevertheless, there are paucity of studies on the impact of post-ABI seizures on subsequent functional, neurodevelopmental, and cognitive outcomes in the pediatric population (13).

The primary aim of this study was to determine the prevalence of seizures and identify the associated risk factors in children with acquired brain injury (ABI), as well as to examine the characteristics of post-ABI seizures and epilepsy. Additionally, the study sought to assess the functional, cognitive, and neurodevelopmental outcomes in children following ABI, with a particular focus on those who developed seizures. We hypothesized that children with post-ABI seizures would experience worse outcomes across these domains. To achieve these objectives, the paper was organized to first provide a comprehensive overview on childhood ABI and its prevalence, we would present the seizure characteristics, alongside comparisons of functional and developmental outcomes between children with and without seizures. We would interpret the study findings in the context of existing literature and explore their implications for clinical management and rehabilitation strategies.



Methods

A retrospective cohort study was performed by reviewing the medical records of children with ABI aged 0–18 years at the time of ABI diagnosis. Children throughout Hong Kong with ABI were referred to either the ABI programme under Duchess of Kent Children's Rehabilitation Hospital or the Hong Kong Children's Hospital. The ABI programme provides 4–8 weeks of multi-disciplinary intensive rehabilitation training. The programme is led by a pediatrician with a multi-disciplinary team of allied health professionals including physiotherapists, occupational therapists, speech therapists, clinical psychologists, dietitians, medical social workers, and nurses. The ABI programme aims to provide comprehensive and holistic care for children with ABI, starting at the initial phase, providing multidisciplinary rehabilitation, support for the families, provides caregivers' training, community and school re-integration as well as providing long-term follow-up.

Patients referred to the ABI programme between 1st January 2016 and 28th February 2022 were included in the study. Patients with birth asphyxia, with known genetic/metabolic disorders, or those lost to follow-up for more than 5 years were excluded.

Age at diagnosis, gender, etiology of ABI, Glasgow coma scale (GCS) at presentation, location, and severity of brain injury on first brain imaging, treatment modalities, use of prophylactic anti-epileptic drugs (AED) post-ABI, seizure characteristics, time to epilepsy onset from ABI diagnosis, first and latest scores on the Lansky play-performance scales (LPPS) or Karnofsky performance scales (KPS), the latest documented developmental quotient (DQ) or intelligent quotient (IQ), hearing impairment, vision impairment, motor deficits, psychiatric diagnosis, and special educational needs (SEN) were collected over a follow-up period of at least 2 years from diagnosis. For patients with seizures, use of prophylactic AEDs, timing of first seizure, seizure type, electroencephalography (EEG) findings, time to onset of epilepsy post-ABI, history of status epilepticus, epilepsy types, current AEDs, and epilepsy control were extracted.

Clinical severity of ABI at presentation was categorized into mild (GCS 14–15), moderate (GCS 9–13), and severe (GCS ≤ 8) (20, 21). The ABI locations were grouped into four categories: cortical, midline, infratentorial, and diffuse. Diffuse ABI included injuries in two or more regions of the brain. For cortical injury, the brain injury sites were further categorized according to cerebral lobe involvement: frontal, parietal, temporal, and occipital. Immediate complications of ABI were grouped into three categories according to the first CT brain findings: hydrocephalus, intracerebral bleeding, and cerebral oedema, with some having multiple complications.

Patients were defined as having acute seizures if seizures occurred within 1 week of intracranial surgery, traumatic brain injury, hypoxic encephalopathy, stroke, active central nervous system (CNS) infection, or autoimmune diseases (22). Seizure types were characterized according to the International League Against Epilepsy (ILAE) 2017 Classification (23). Patients were classified with brain tumor-related epilepsy (BTRE) if they had one or more unprovoked seizures at or after diagnosis of brain tumor (14); patients were classified with post-traumatic epilepsy if they had one or more unprovoked seizure 1 week after TBI (11), and only those who had seizures that persisted for more than 2 years after immunotherapy with no signs of ongoing encephalitis radiologically and biochemically would be classified as autoimmune encephalitis-associated epilepsy (15); otherwise patients were classified as having post-ABI epilepsy if they had two or more unprovoked seizures beyond 1 week after ABI diagnosis or if they were diagnosed with epilepsy syndrome. Patients with epilepsy characteristics were reported according to the ILAE 2017 position paper (24). Patients with seizures lasting for more than 30 min were defined as having status epilepticus, because irreversible neuronal injury was more likely to occur (25). Patients were considered to have refractory epilepsy (RE) if seizures were not controlled adequate trials of two tolerated and appropriately chosen antiepileptic drug (AED) regimens (26).

Functional performance status was assessed by LPPS in children aged 6–15 years and by KPS in children aged 16 years or older (27). The first LPPS/KPS post-ABI score was compared to the latest LPPS/KPS post-rehabilitation score for each individual, adjusted by follow-up time statistically. For children under 6 years, DQ was calculated using the Griffiths Mental Developmental Scales-Extended Revised (GMDS-ER) (28). For children aged 6–16 years, general IQ was estimated using the Hong Kong Wechsler Intelligence Scale for Children−4th Edition (WISC IV) (29). For children aged 16 years or older, IQ was estimated using the Wechsler Adult Intelligence Scale−3rd Edition Taiwan version (WAIS-III) (30). Development and cognitive level were defined by DQ/IQ score adjusted by follow-up time: ≥80 = normal; 71–79 = borderline low; ≤ 70 = global developmental delay (GDD) or intellectually disability (ID).


Ethics

Ethics approval was obtained from the Institutional Review Board of the University of Hong Kong/Hospital Authority Hong Kong West Cluster and the Central Institutional Review Board of the Hospital Authority.



Statistical analyses

Negative binominal logistic regression was performed to ascertain the effects of gender, ABI etiologies, brain injury sites, GCS scores at presentation, complications detected by first CT scan, and treatment types on the likelihood of having seizures, with follow-up time as a covariate. Quantile regression was used to compare the median age at diagnosis between seizure and non-seizure cases, and cox-regression was used to evaluate the hazard ratio (HR) of epilepsy onset. A generalized linear model was used to compare the outcomes of individuals who experienced seizures and those who never had seizures (fixed factor). The outcomes considered in the analysis included the initial and most recent LPPS/KPS scores, most recent DQ and IQ scores, requirement for special educational support, presence of motor deficits, hearing impairment, vision impairment, and diagnosis of psychiatric illness. Follow-up time was adjusted as a random factor in the model. Results were regarded as statistically significant for p < 0.05. Statistical analyses were performed using R 4.2.1 and figures were produced using GraphPad Prism 10.0 (GraphPad Software, Boston, Massachusetts, USA).




Results


Patient characteristics

A total of 94 children were referred to the ABI programme. After excluding children with genetic disorders (n = 3), those deceased during follow-up (n = 7), and those lost to follow-up (n = 2), a total of 82 post-ABI children were analyzed in our study (Figure 1 and Table 1). The median age at diagnosis was 2.9 years and median follow-up was 5 years. There were 43 (52%) boys and 39 (48%) girls. The causes for ABI were brain tumors (53 patients, 65%), followed by hypoxic brain injuries (14, 17%), Stroke (6, 7%), CNS infection (4, 5%), traumatic brain injuries (TBI; 4, 5%), and immune-mediated brain injury (1, 1%). Site of ABI lesions were mostly in infratentorial (25 patients, 30%) and cortical regions (24, 29%), followed by diffuse ABI (21, 26%) and midline lesions (12, 15%). At ABI diagnosis, 62 (76%) patients had GCS scores of 14–15, 6 (7%) had GCS scores of 9–13, and 14 (17%) had GCS scores of 3–8. At ABI diagnosis, 57 (70%) patients had one or more radiological complications including cerebral oedema, intracerebral bleeding, and/or hydrocephalus. Treatments for ABI included prophylactic AED (25 patients, 30%), intracranial surgeries (57, 70%), cardio-pulmonary resuscitation (CPR; 7, 8%), and extracorporeal membrane oxygenation (ECMO; 8, 10%). Treatments for those with brain tumors included chemotherapy or targeted therapy (41 patients, 50%), focal brain irradiation (18, 22%), cranio-spinal irradiation (15, 18%), and stem cell transplant (7, 9%).
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FIGURE 1
 Flowchart of the study population. ABI, acquired brain injury; Dx, diagnosis; N; number.


TABLE 1  Demographics and intervention given to children with ABI.


	Variable
	Number of patients (%)
	p-Value (Adj FU)



	
	Total N = 82
	Seizures N = 27 (33%)
	No seizures N = 55 (67%)
	





	Age at diagnosis



	• Median age (years)
	2.9 (0–18.7)
	1.8 (0–13.9)
	4.0 (0–18.7)
	0.062



	• Mean age (years)
	4.5 (0–18.7)
	3.2 (0–13.9)
	5.0 (0–18.7)
	0.071



	Follow-up time



	• Median duration (years)
	5.0 (2-14)
	6.0 (2-14)
	4.0 (2-10)
	0.013Λ



	• Mean duration (years)
	5.2 (2-14)
	6.0 (2-14)
	4.6 (2-10)
	0.016Λ



	Gender



	• Female
	39 (48%)
	12 (44%)
	27 (49%)
	0.375



	• Male
	43 (52%)
	15 (56%)
	28 (51%)
	0.375



	Causes of ABI



	• Brain tumors
	53 (65%)
	14 (52%)
	39 (71%)
	0.099



	    ° ATRT
	2
	0
	2
	/



	    ° Ependymoma
	6
	0
	6
	/



	    ° Germ cell tumor
	10
	0
	10
	/



	    ° Glioblastoma multiforme
	3
	2
	1
	/



	    ° Low-grade glioma
	11
	2
	9
	/



	    ° High-grade glioma
	2
	1
	1
	/



	    ° Medulloblastoma
	13
	5
	8
	/



	    ° Others#
	6
	4
	2
	/



	• Hypoxic brain injury
	14 (17%)
	4 (15%)
	10 (18%)
	0.747



	• Traumatic brain injury
	4 (5%)
	2 (7%)
	2 (4%)
	0.396



	• Stroke&
	6 (7%)
	3 (11%)
	3 (5%)
	0.083



	    ° Arterial stroke
	5
	3
	2
	/



	    ° Venous stroke
	1
	0
	1
	/



	• CNS infection
	4 (5%)
	4 (15%)**
	0
	0.001**



	• Immune-mediated brain injury
	1 (1%)
	0
	1 (2%)
	N/A



	GCS at presentation



	• Mild (GCS: 14–15)
	62 (76%)
	21 (78%)
	41 (75%)
	0.703



	• Moderate (GCS: 9–13)
	6 (7%)
	1 (4%)
	5 (9%)
	0.233



	• Severe (GCS: ≤ 8)
	14 (17%)
	5 (18%)
	9 (16%)
	0.754



	Sites of brain injury



	• Cortical
	24 (29%)
	13 (48%)*
	11 (20%)
	0.013*



	    ° Frontal
	5
	3
	2
	/



	    ° Parietal
	4
	1
	3
	/



	    ° Temporal
	5
	3
	2
	/



	    ° Occipital
	1
	1
	0
	/



	    °≥2 cortical regions involved
	9
	5
	4
	/



	• Midline
	12 (15%)
	3 (11%)
	9 (16.5%)
	0.389



	• Infratentorial
	25 (30%)
	5 (19%)
	20 (36.5%)**
	0.007**



	• Diffuse
	21 (26%)
	6 (22%)
	15 (27%)
	0.505



	Complications on first CT brain



	• ≥1 complication(s)
	57 (70%)
	17 (63%)
	40 (73%)
	0.307



	    ° Cerebral oedema
	6 (7%)
	2 (7%)
	4 (7%)
	0.984



	    ° Intracerebral bleeding
	12 (15%)
	5 (19%)
	7 (13%)
	0.531



	    ° Hydrocephalus
	25 (30%)
	6 (22%)
	19 (35%)
	0.210



	    °≥2 complications
	14 (17%)
	4 (15%)
	10 (18%)
	0.747



	• No complications on CT brain
	24 (29%)
	10 (37%)
	14 (25%)
	0.307



	• No brain imaging done
	1 (1%)
	0
	1 (2%)
	/



	Treatments##



	• Prophylactic AED
	25 (30%)
	AS
	AS + E
	17 (31%)
	0.406
	0.918


 
	
	
	4 (15%)
	8 (30%)
	
	
	



	• Intracranial surgery
	57 (70%)
	18 (67%)
	39 (71%)
	0.715



	• CPR
	7 (8%)
	2 (7%)
	5 (9%)
	0.634



	• ECMO
	8 (10%)
	3 (11%)
	5 (9%)
	0.732



	• Chemotherapy/Target therapy
	41 (50%)
	10 (37%)
	31 (56%)
	0.657



	• Radiotherapy
	33 (40%)
	6 (22%)
	27 (49%)**
	0.009**



	    ° Focal brain irradiation
	18 (22%)
	0
	18 (33%)***
	<0.001***



	    ° Cranio-spinal irradiation
	15 (18%)
	6 (22%)
	9 (16%)
	0.840



	• SCT
	7 (9%)
	1 (4%)
	6 (11%)
	0.655




#The “Others” subtype including primary brain tumor: craniopharyngioma, ganglioglioma, low grade glioneuronal tumor, high grade neuroepithelial tumor, and primitive neuro-ectodermal tumors; and secondary brain tumor: brain metastasis from neuroblastoma.

##Patients with ABI can receive more than one treatment modality. AS included four patients who had acute seizures despite the use of prophylactic AED; AS +E included eight patients who had prophylactic AED but had acute seizures only, acute seizures and epilepsy later, and those who had epilepsy more than 1 year after ABI.

&Three patients had arterial ischemic stroke experienced seizures, one patient had arterial ischemic stroke without seizures seizures; one patient had arterial haemorrhagic stroke without seizures; one patient had venous ischemic stroke without seizure.

Statistically significant (*p < 0.05; **p < 0.01; *** p < 0.001). Bold italic indicates statistical significance (p < 0.05).

Λp-value for follow-up duration and, therefore not adjusted by follow-up time itself.

ABI, acquired brain injury; AED, anti-epileptic drugs; Adj FU, adjusted for follow-up time statistically; AS, acute symptomatic seizures within 7 days of ABI; ATRT, atypical teratoid rhabdoid tumors; CNS, central nervous system; CPR, cardio-pulmonary resuscitation; E, epilepsy; ECMO, extracorporeal membrane oxygenation; GCS, Glasgow coma scale; N, number; SCT, stem cell transplant.





Seizures and epilepsy in children with ABI

Among the children with ABI, 27 (33%) experienced at least one seizure after ABI. The median age at seizure onset was 1.8 years. The main causes of ABI in those with post-ABI seizures were brain tumor (14 patients, 52%), CNS infection (4, 15%), hypoxic brain injury (4, 15%), stroke (3, 11%), and TBI (2, 7%). In the study cohort, seizures occurred in all four patients with CNS infections (three had neonatal meningitis including one with Group B streptococcal (GBS) meningitis complicated by right cerebral hemorrhage, one with Escherichia coli meningitis complicated by right-sided arterial ischemic stroke, one with GBS meningitis; and one had epidural empyema), followed by 50% of patients with TBI, 50% with stroke (three had non-neonatal arterial ischemic stroke), 28% with hypoxic brain insult, and 26% with brain tumors. Approximately half of patients (13, 48%) had cortical brain injuries, followed by 6 (22%) with diffuse ABI, 5 (19%) with infratentorial lesions, and 3 (11%) with midline lesions. At ABI diagnosis, 21 (78%) patients had a GCS score of 14–15 and 17 (63%) patients had one or more radiological complications (Table 1).

Among the 18 patients with acute seizures post-ABI, 12 (66%) had seizures at presentation due to underlying ABI, 1 (6%) had TBI and severe hypernatraemia, and 5 (28%) had seizures within 1 week post-intracranial surgery. Regarding the site of ABI, 8 (44%) patients had cortical lesions, 3 (17%) had midline lesions, 2 (11%) had infratentorial lesions, and 5 (28%) had diffuse ABI. Thirteen (72%) patients had focal seizures, 4 (22%) had generalized tonic-clonic seizures (GTCS), and one had unknown seizure type captured on the EEG. Other focal seizure details are shown in Table 2. Seven patients had acute seizures without recurrence and 11 subsequently developed epilepsy.

TABLE 2  Post-ABI acute seizures and epilepsy characteristics.


	Variable
	Post-ABI seizures n = 27 (%)



	
	AS and no recurrence (n = 7)
	AS and Epilepsy (n = 11)
	Epilepsy >1 year post-ABI (n = 9)





	History of status epilepticus (SE)
	1
	3Λ
	1



	Underlying ABI etiologies



	• Brain tumor
	3
	6
	5



	• CNS infection
	1
	3
	0



	• Stroke
	0
	2
	1



	• Hypoxic brain injury
	1
	0
	3



	• Traumatic brain injury
	2
	0
	0



	Sites of brain injury



	• Cortical
	2
	6
	5



	• Midline
	2
	1
	0



	• Infratentorial
	1
	1
	3



	• Diffuse
	2
	3
	1








	Precipitating factors of acute seizures
	AS (n = 18) (67%)ΛΛ
	Epilepsy (n = 20) (74%)ΛΛΛ





	• Within 7 days post-intracranial surgery
	5(28%)
	/



	    ° Brain tumor
	3



	    ° CNS infection
	1



	    ° Stroke
	1



	• Electrolyte disturbance#
	1 (6%)



	• Acute symptomatic seizures due to ABI
	6 (33%)



	    ° CNS infection
	3



	    ° Stroke
	1



	    ° Hypoxic brain injury
	1



	    ° Traumatic brain injury
	1



	• Presented with seizures at BT diagnosis
	6 (33%)
	



	Seizure types



	• Focal
	13 (72%)
	16 (80%)



	    ° Focal (not specified awareness)
	4 (22%)
	0



	    ° Focal aware
	5 (28%)
	7 (35%)



	    ° Focal impaired awareness
	4 (22%)
	9 (45%)



	• Generalized
	4 (22%)
	4 (20%)



	    ° Tonic-clonic
	4 (22%)
	4 (20%)



	• Unknown
	1 (6%)
	0



	Focal seizure onset##



	• Motor
	11 (61%)
	12 (60%)



	    ° Clonic
	10 (56%)
	6 (30%)



	    ° Tonic
	1 (5%)
	2 (10%)



	    ° Automatism
	0
	1 (5%)



	    ° Mixed
	0
	3 (15%)



	• Non-motor
	2 (11%)
	3 (15%)



	    ° Emotional
	2 (11%)
	2 (10%)



	    ° Cognitive
	0
	1 (5%)



	• Motor and non-motor mixed
	0
	1 (5%)



	Epilepsy onset time from ABI



	• Median onset time (years)
	/
	2.0 (0–7.3)



	Epilepsy interictal EEG pattern



	• Epileptiform discharge
	/
	15 (75%)



	    ° Correlating to ABI regions
	12 (60%)



	    ° Over alternative brain regions
	3 (15%)



	• No epileptiform discharge
	4 (20%)



	• No EEG performed
	1 (5%)



	Epilepsy control



	• Seizure free >12 months
	/
	10 (50%)



	• Seizure free >1 to < 12 months
	5 (25%)



	• Monthly
	2 (10%)



	• Daily
	3 (15%)



	Refractory epilepsy
	/
	5 (25%)



	• Medical treatment with ≥2 AEDs
	4 (20%)



	• Epilepsy surgery
	1 (5%)




#Electrolyte disturbance for index patient was due to hypernatraemia (Highest serum sodium level was 194 mmol/L).

##Seizure onset (for those with focal seizures/epilepsy only)—all generalized onset seizure in our study were generalized tonic-clonic seizures.

ΛTwo patients had SE at both diagnoses of acute seizures and epilepsy; one had acute seizures; but only had SE on the diagnosis of post-ABI epilepsy subsequently.

ΛΛAcute seizures (n = 18) included acute seizure types in patients with acute seizures only and acute seizures that developed into epilepsy.

ΛΛΛEpilepsy (n = 20) included epilepsy types in patients with acute seizures that developed into epilepsy, and those who developed epilepsy >1 year after ABI.

ABI, acquired brain injuries; AED, anti-epileptic drugs; AS, acute seizures within 7 days of ABI; BT, brain tumors; CNS, central nervous system; EEG, electroencephalogram; N; number: SE, status epilepticus.



Out of the 82 patients, 20 (24%) were diagnosed with epilepsy post-ABI, whereas nine experienced their first seizure or developed epilepsy more than 1 year after ABI. The median epilepsy onset time after ABI was 2 years (range = 0–7.3 years). Among the 11 patients with BTRE, six presented with seizures at the time of diagnosis, two experienced seizures due to brain tumor recurrence at 1.7 years and new leptomeningeal spread at 7.3 years, respectively, and three had unprovoked seizures more than 1 year after the initial diagnosis. Among the three patients with CNS infection who developed epilepsy, two of them had acute status epilepticus and then remained seizure free for 2.5 years, but status epilepticus subsequently recurred, whereas the other patient developed electrical status epilepticus during slow-wave sleep (ESES) 3 years after the initial CNS infection. Among the three patients with non-neonatal arterial ischemic stroke who developed epilepsy, two had acute seizures and then remained seizure free, but developed epilepsy after 1.1 and 3.9 years, respectively, whereas the other patient developed epilepsy after 1.2 years. Three patients with hypoxic brain injury developed epilepsy after 2–3 years. Regarding the ABI site in those with epilepsy, 11 (55%) had cortical lesions, 1 (5%) had midline lesions, 4 (20%) had infratentorial lesions, and 4 (20%) had diffuse ABI. The majority of post-ABI epilepsy patients (16, 80%) had focal epilepsy, whereas 4 (20%) had generalized epilepsy (see Table 2 for more details). Fifteen (75%) epilepsy patients had epileptiform discharges on their EEG, of which 12 (60%) had epileptiform discharges correlating to ABI-involved sites and 3 (15%) had epileptiform discharges over alternative brain regions. At the latest follow-up, 10 out of these 20 patients (50%) were seizure free for more than 1 year, 5 (25%) were seizure free for more than 1 month but < 1 year, 2 (10%) had monthly seizures, and 3 (15%) had daily seizures. In the five patients (25%) diagnosed with refractory epilepsy (RE), four were female and one was male with age at ABI diagnosis ranging from neonatal to 7.3 years. Four of these patients had acute seizures prior to RE and one developed RE 2.3 years after ABI. One patient had ESES, whereas the other four patients had no history of status epilepticus. Regarding the brain injury site, one was cortical, two were diffuse, one infratentorial, and one was midline. The ABI etiologies also differed between RE patients, including two with brain tumors, two with stroke, and one with CNS infection. Four patients were taking more than two AEDs, and one patient underwent epilepsy surgery and was on one AED with good seizure control (Supplementary Table S1). All five patients shared similar parenchymal loss or encephalomalacia in frontal and/or temporal regions, as evident on the latest MRI brain imaging (Supplementary Table S2).



Risk factors predictive of post-ABI seizures

Logistic regression analysis showed the risk factors for post-ABI seizures were cortical brain injuries (p = 0.013) and CNS infection (p < 0.001), after adjusting for the length of follow-up. The relative risk (RR) of seizure was 1.45 [95% CI (1.17, 1.71), p < 0.001] for cortical ABI; and 1.94 [95% CI (1.87, 2.01), p = 0.001] for CNS infections, suggesting those with cortical ABI are of 50% higher risks in developing seizures compared to those with non-cortical injuries, and up to almost two-fold increased risk of seizures for those with CNS infection compared to those who had other ABI etiologies. Cox regression analysis demonstrated a significant difference in the trends observed in the Kaplan–Meier curves for distinct brain injury regions predicting epilepsy onset, χ3 = 12.88 (p = 0.0049; Figure 2a), and for various types of brain injury predicting epilepsy onset, χ3 = 10.22, (p = 0.0168; Figure 2b). Specifically, for brain injuries, the HR of epilepsy onset in the cortical area was 4.582 [95% CI (1.83, 11.49), p = 0.001], whereas for CNS infections, the HR was 4.796 [95% CI (1.568, 14.67), p = 0.006]. Thus, this means that individuals with cortical brain injuries as well as those with CNS infections, were four times more likely to develop epilepsy than those without such injuries. The comparison of seizure risk between stroke patients and other ABI patients did not reach statistical significance (p = 0.083). All three stroke patients who experienced seizures subsequently developed epilepsy. Among cases who experienced post-ABI seizure, stroke patients are more likely to develop epilepsy, HR = 4.467 [95% CI (1.575, 12.67), p = 0.005].


[image: Two Kaplan-Meier survival curves showing the proportion of cases without epilepsy over 15 years. Panel a compares cortical, diffuse, infratentorial, and midline tracts. Panel b compares cases with brain tumors, hypoxia, infection, and stroke.]
FIGURE 2
 (a, b) Cox regression of brain injury sites and ABI etiologies on epilepsy outcome. Cox regression analysis demonstrated a significant difference in the trends observed in the Kaplan-Meier curves for distinct brain injury regions predicting epilepsy onset, χ 3 = 12.88, p = 0.0049 (a), as well as for various types of brain injury predicting epilepsy onset, χ 3 = 10.22, p = 0.0168 (b). Specifically, the Hazard Ratio (HR) of epilepsy onset for brain injuries in the cortical area is 4.582 [95% CI (1.83, 11.49), p = 0.001]. For CNS infections, the HR is 4.796 [95% CI (1.568, 14.67), p = 0.006]. For stroke patients, the HR for epilepsy is 4.467 [95% CI (1.575, 12.67), p = 0.005].


Twenty out of 25 children with infratentorial brain tumors never had seizures, hence, these patients (p = 0.007) were less likely to develop seizures. Among the 53 patients with brain tumors, 33 had radiotherapy [15 had cranio-spinal irradiation (CSI) and 18 had focal brain irradiation]. In those receiving radiotherapy, six patients with CSI had seizures, while none of 18 patients with focal brain irradiation developed seizures (p < 0.001).

In our cohort, prophylactic AEDs [including levetiracetam (10–25 mg/kg/day), phenytoin (5–20 mg/kg/day), valproate (10–30 mg/kg/day), or phenobarbitone (5 mg/kg/day)] were given at different dosages and durations to 25 patients (30%) at ABI diagnosis (Supplementary Table S3). Among the 55 patients who never had seizures, 17 patients (31%) had prophylactic AED; and among the 27 patient who had post-ABI seizures, 8 (30%) had also had prophylactic AED. Out of the eight patients who had post-ABI seizures, two had acute seizures within 7 days of ABI and no recurrence thereafter, two had acute seizures and developed epilepsy 1–3 years later, and four on prophylactic AED for 1 week to 11 months developed epilepsy 2–4 years later. Use of prophylactic AED was not statistically significant in reducing the risk of acute seizures (p = 0.406) or post-ABI seizures (p = 0.918).



Outcomes of post-ABI children

All children completed 4–8 weeks of intensive rehabilitation training under the ABI program. The median first and latest LPPS/KPS scores were 20 (range = 10–90) and 90 (range = 30–100), respectively, indicating significant improvements in their functional outcomes following the rehabilitation period (p < 0.01). The median difference between the first and latest LPPS/KPS score was 70 (range = −10 to 90) for all patients, while the difference scores for the seizure group and non-seizure group were 60 (range = −10 to 80) and 70 (range = 0–90), respectively. Patients in the seizure group had a worse KPS score at follow-up compared to non-seizure group, however the score differences between the two groups was not significant (p = 0.228). Overall, less than half of patients (36, 44%) had normal DQ/IQ, 16 (20%) had borderline DQ/IQ, and 28 (34%) had GDD or ID. There were no significant differences in the developmental and cognitive outcomes between seizure and non-seizure groups, although 10 patients (37%) in the seizure group had normal DQ/IQ compared to 26 (47%) in the non-seizure group (p = 0.639), 5 (18%) in the seizure group had borderline DQ/IQ compared to 11 (20%) in the non-seizure group (p = 0.839), and 11 (41%) in the seizure group had GDD or ID compared to 17 (31%) in the non-seizure group (p = 0.507). Among the 27 children with post-ABI seizures, 23 (85%) required SEN support compared to 37 out of 55 (67%) who never had seizures (p = 0.025). At their latest follow-up, 41 (50%) had motor deficits, 14 (17%) had hearing impairments, 15 (18%) had vision impairments, and 18 (22%) had psychiatric illnesses, of which 7 (8.5%) had autism spectrum disorder, 7 (8.5%) had attention deficit hyperactivity disorder, and 4 (5%) had post-traumatic stress disorder, adjustment disorder, organic brain syndrome, and selective mutism, respectively (Figure 3). There were no differences in the proportion of children with motor deficits, hearing or vision impairments, or psychiatric illnesses between seizure and non-seizure groups (Table 3). For the comparison of subscale IQ and DQ scores, please see Supplementary Table S4.
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FIGURE 3
 Sensorimotor, neurodevelopmental and psychiatric impairment in post-ABI children. Green represents proportion of children no deficits or impairment; purple shades represent proportion of children with either motor impairment, hearing impairment, vision impairment, psychiatric illnesses, cognitive or developmental delay, and those with special education needs or needing special school support.


TABLE 3  Outcomes in children with ABI.


	Variable
	Number of patients (%)
	p-Value (adj FU)



	
	Total n = 82
	Seizures N = 27 (33%)
	No seizures N = 55 (67%)
	





	Functional performance outcome



	• Median First LPPS/KPS score
	20 (10-90)
	20 (10-90)
	20 (10-80)
	1.00



	• Median Latest LPPS/KPS score
	90 (30 −100)
	80 (0 −100)
	90 (30 −100)
	0.137



	• Median LPPS/KPS score difference
	70 (−10–90)
	60 (−10–80)
	70 (0–90)
	0.228



	Developmental and cognitive outcome



	• Normal (DQ/IQ ≥ 80)
	36 (44%)
	10 (37%)
	26 (47%)
	0.639



	• Abnormal (DQ/IQ ≤ 79)
	44 (54%)
	16 (59%)
	28 (51%)
	0.639



	    ° Borderline (DQ/IQ: 71–79)
	16 (20%)
	5 (18%)
	11 (20%)
	0.839



	    ° GDD/ID (DQ/IQ ≤ 70)
	28 (34%)
	11(41%)
	17 (31%)
	0.507



	• No formal Assessment
	2 (2%)
	1 (4%)
	1 (2%)
	



	Schooling



	• Mainstream school
	22 (27%)
	4 (15%)
	18 (33%)*
	0.025*



	• Special education support
	60 (73%)
	23 (85%)*
	37 (67%)
	0.025*



	    ° SEN in mainstream school
	35(43%)
	10 (37%)
	25 (45%)
	0.655



	    ° Special school#
	25(30%)
	13 (48%)
	12 (22%)
	0.099



	Motor deficit
	41 (50%)
	14 (52%)
	27 (49%)
	0.786



	Hearing impairment
	14 (17%)
	4 (15%)
	10 (18%)
	0.921



	Vision impairment
	15 (18%)
	8 (30%)
	7 (13%)
	0.063



	Psychiatric illness
	18 (22%)
	4 (15%)
	14 (25%)
	0.542



	• ASD
	7 (8.5%)
	3 (11%)
	4 (7%)
	/



	• ADHD
	7 (8.5%)
	1 (4%)
	6 (11%)
	/



	• Other##
	4 (5%)
	0
	4 (7%)
	/




*Statistically significant p < 0.05 comparing seizure and no seizure group, adjusted for follow-up time. Bold italic indicates statistical significance (p < 0.05).

#Special schools for intellectually disabled, physically impaired, or visually impaired.

##Other Psychiatric illnesses included post-traumatic stress disorder (PTSD), adjustment disorder, organic brain syndrome, and selective mutism.

ABI, acquired brain injury; ADHD, attention deficit hyperactivity disorder; Adj FU, adjusted for follow-up time statistically; ASD, autistic spectrum disorder; DQ, development quotient; GDD, global developmental delay; ID, intellectually disability; IQ, intelligence quotient; KPS, Karnofsky Performance Score; LPPS, Lansky play-performance scales; SEN, special education needs.






Discussion

The findings from this retrospective cohort study showed that one in three children with ABI had at least one seizure, and about one in four developed epilepsy. Compared to previous single-etiology studies—which reported that 17%−59% of children with brain tumors, TBI, stroke, ECMO, or CNS infections experienced seizures—our cohort demonstrated a 33% prevalence of post-ABI seizures epilepsy (31–34). Most acute seizures had focal onset (72%), often correlating with focal cortical injuries or non-cortical ABI complicated by focal intracerebral hemorrhage or obstructive hydrocephalus. Similarly, focal epilepsy accounted for 80% of cases, with most (60%) showing epileptiform discharges corresponding to the injured brain region. This pattern suggests that focal epileptogenesis may arise from neuronal and synaptic loss, aberrant sprouting with heterotropic neurons, astrogliosis, and rewiring, leading to permanent structural changes in the brain post-ABI (35). These observations align with previous studies indicating that acute seizures are associated with the underlying etiologies and sites of brain injury (36, 37).

In our cohort, 24% of patients were diagnosed with post-ABI epilepsy, with a median time to epilepsy onset of 2 years. Notably, one child developed epilepsy as late as 7.3 years post-ABI, indicating that the risk of epilepsy remains high even years after the initial injury. Regarding seizure control, half of the patients were seizure-free for more than 1 year, while the other half continued to experience ongoing seizures. Refractory epilepsy was observed in one-fourth of the cohort and was often associated with extensive parenchymal loss or encephalomalacia in the frontal or temporal regions. Although encephalomalacia alone may not directly cause epilepsy, the scarring of nearby brain tissue could lead to abnormal neuronal discharges, as the surrounding neuronal cells are pulled around the encephalomalacia, contributing to seizure generation (38). Diffuse brain damage (35) and focal encephalomalacia have been linked to pharmaco-resistant epilepsy (39), highlighting the importance of the extent and location of brain injury in prognosis and management.

Concerning the risk of seizures and epilepsy related to various etiologies and sites of ABI, we demonstrated that cortical injuries and CNS infections were associated with higher risk. This is consistent with existing study on early onset neonatal meningitis showing a 10-fold increased risk of epilepsy (40). Khan et al. also showed that the risk of unprovoked seizures remained high and tended to be recurrent 5 years after bacterial meningitis (41). In addition, we found that children who had seizures after a stroke had an elevated risk of subsequent seizure activity or epilepsy post-ABI. Existing studies demonstrated that the epilepsy risk post-stroke remained high compared to the general population even decades after ABI (6, 42). In children with brain tumors, we demonstrated that infratentorial tumors were correlated with reduced seizure recurrence, whereas existing study showed that cortical tumors were associated with higher seizure risk (31).

Two mechanisms have been proposed to explain why children with cortical injuries are more susceptible to developing epilepsy: (i) disinhibition of neural activity and (ii) the formation of new, functionally excitatory connections within the cortex. It has been proposed that structural cortical damage would lead to reduced production of brain-derived neurotrophic factor by pyramidal cells, resulting in atrophic changes in GABAergic interneurons and selective loss of inhibitory synapses, this would cause disinhibition of neuronal activities. Also, with increased excitatory cortical interneurons and pyramidal cells synaptic coupling, these lay groundwork for axonal sprouting within the injured area for new functional excessive recurrent hyperexcitable circuits (43). This hyperexcitability state has also been observed in children with CNS infections, which are thought to trigger an inflammatory response that disrupts the blood-brain barrier, contributing to increased neural excitability (44). Furthermore, in children with CNS infection, they are prone to intracranial bleeding, infarction and brain oedema, which could cause direct neuronal damage and subsequent glial scarring. Together, these could all lead to epileptogenesis (45).

In terms of seizure risk related to prophylactic anti-epileptic medications and other disease-specific therapies, we found no statistical difference in those given prophylactic AED compared to those without AED. A recent meta-analysis showed that AED prophylaxis seems to be effective against early posttraumatic seizures for the pediatric population but no observed benefit for late posttraumatic seizures (46), additional studies should be conducted to ascertain the benefits of prophylactic AED for children with non-traumatic ABI. In addition, we found that brain tumor patients receiving focal cranial irradiation were less likely to develop seizures. Our findings supported the use of targeted radiation techniques which might minimize brain tissue damage and reduce the risk of epileptogenesis. This underscores the importance of precise treatment planning to preserve healthy brain tissue, potentially lowering long-term neurological complications such as epilepsy.

Nearly all children (96%) in our study showed significant improvement in functional performance after intensive program-based rehabilitation training, with good improvement in functional outcomes at the latest follow-up compared to at ABI diagnosis. Our findings were consistent with previous study which showed that 70% of children had improved functional mobility after hospital-based rehabilitation (47). Chevignard et al. (48) also demonstrated the effectiveness of a structured ABI program for children and emphasized the importance of long-term organized and co-ordinated care for children with ABI. Future studies should also look at whether the intensity and duration of rehabilitation has an impact on functional outcomes.

More than half of our patients had borderline DQ/IQ or GDD/ID after ABI, and more patients in our seizure group required SEN support compared to the non-seizure group. Our findings were consistent with previous studies showing that children with a history of ABI had reduced academic achievement and greater educational needs following school re-entry (49, 50). Given the elevated risk of cognitive and learning difficulties in children with ABI, particularly those with seizures, incorporating cognitive rehabilitation into their overall rehabilitation program is essential. Early involvement of an educational psychologist to develop a personalized educational plan can facilitate timely academic support and promote successful school reintegration. This proactive approach can help optimize developmental and educational outcomes for these children.



Limitations of our study

We acknowledge that our study has limitations with respect to its retrospective nature. Additionally, patients with relatively mild ABI such as concussion may not be referred to our local ABI programme, hence, may not be represented in our cohort. Although all our patients had significant ABI and the different follow-up times were adjusted statistically, we had a heterogeneous population with a relatively small subgroup sample size. We examined patients in various age ranges at ABI diagnosis with various etiologies, including different corresponding interventions and different prophylactic AED usage and durations. In addition, not all of our patients were monitored by EEG during their stay in pediatric intensive care units, hence, potential non-convulsive or electrographic seizures might not be documented.



Conclusion

Our study described the seizure characteristics, onset, and outcomes in children with ABI. One-third of patients experienced post-ABI seizures. We found that CNS infection and cortical brain injuries were risk factors for post-ABI seizures. Although most children showed significant improvement in functional outcomes after the ABI, they are more likely to require extra support and special educational needs on returning to school.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by the Institutional Review Board of the University of Hong Kong/Hospital Authority Hong Kong West Cluster (Approval number: UW 23-433) and the Central Institutional Review Board of the Hospital Authority (Approval number: PAED-2023-030). The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants' legal guardians/next of kin in accordance with the national legislation and institutional requirements.



Author contributions

VL: Writing – original draft, Writing – review & editing, Data curation, Formal analysis, Conceptualization, Methodology. YW: Formal analysis, Methodology, Software Writing – review & editing. WT: Funding acquisition, Writing – review & editing, Writing – original draft, Formal analysis, Conceptualization, Methodology, Data curation, Supervision.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This research was supported by the Society for the Relief of Disabled Children (SRDC). The funder had no role in the design, data collection, data analysis, and reporting of this study.



Acknowledgments

We thank Dr. Chi Chung Alvin Ho for his support and expert opinion on pediatric neurology. There are no conflicts of interest to declare. This research was supported by the Society for the Relief of Disabled Children (SRDC).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The author(s) declare that no Gen AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fneur.2025.1629669/full#supplementary-material

SUPPLEMENTARY TABLE S1 | Individual characteristics of patients with post-ABI seizures.

SUPPLEMENTARY TABLE S2 | Latest MRI Brain imaging of those with refractory epilepsy.

SUPPLEMENTARY TABLE S3 | Types, dosages and durations of prophylactic AEDs given to the 25 patients with ABI.

SUPPLEMENTARY TABLE S4 | Subscale IQ and DQ scores for children with ABI.



Abbreviations

CPR, cardio-pulmonary resuscitation; CSI, cranio-spinal irradiation; DQ, developmental quotient; ECMO, extracorporeal membrane oxygenation; EEG, electroencephalography; ESES, electrical status epilepticus during slow-wave sleep; GCS, Glasgow coma scale; GTCS, generalized tonic-clonic seizures; GDD, global developmental delay; ID, intellectually disabled; IQ, intelligent quotient; KPS, Karnofsky performance scale; LPPS, Lansky play-performance scales; RE, refractory epilepsy; SEN, special educational needs; TBI, traumatic brain injury



References

 1. Greenwald BD, Burnett DM, Miller MA. 1. Brain injury: epidemiology and pathophysiology Arch Phys Med Rehabil. (2003) 84:S3–7. doi: 10.1053/apmr.2003.50052

 2. Raymont V, Salazar AM, Lipsky R, Goldman D, Tasick G, Grafman J. Correlates of posttraumatic epilepsy 35 years following combat brain injury. Neurology. (2010) 75:224–9. doi: 10.1212/WNL.0b013e3181e8e6d0

 3. da Silva AM, Vaz AR, Ribeiro I, Melo AR, Nune B, Correia M. Controversies in posttraumatic epilepsy. Acta Neurochir Suppl (Wien). (1990). 50:48–51. doi: 10.1007/978-3-7091-9104-0_9

 4. Asano K, Hasegawa S, Matsuzaka M, Ohkuma H. Brain tumor–related epilepsy and risk factors for metastatic brain tumors: analysis of 601 consecutive cases providing real-world data. J Neurosurg. (2021) 136:76–87. doi: 10.3171/2020.11.JNS202873

 5. Christensen J, Pedersen MG, Pedersen CB, Sidenius P, Olsen J, Vestergaard M. Long-term risk of epilepsy after traumatic brain injury in children and young adults: a population-based cohort study. Lancet. (2009) 373:1105–10. doi: 10.1016/S0140-6736(09)60214-2

 6. Beslow LA, Helbig I, Fox CK. Long-term risk of epilepsy after pediatric stroke and potential genetic vulnerabilities. Stroke. (2021) 52:3541–2. doi: 10.1161/STROKEAHA.121.036376

 7. Lin CH, Lin WD, Chou IC, Lee IC, Hong SY. Epilepsy and neurodevelopmental outcomes in children with etiologically diagnosed central nervous system infections: a retrospective cohort study. Front Neurol. (2019) 10:528. doi: 10.3389/fneur.2019.00528

 8. Pozzi M, Galbiati S, Locatelli F, Carnovale C, Gentili M, Radice S, et al. Severe acquired brain injury aetiologies, early clinical factors, and rehabilitation outcomes: a retrospective study on pediatric patients in rehabilitation. Brain Inj. (2019) 33:1522–8. doi: 10.1080/02699052.2019.1658128

 9. Lambregts SAM, Van Markus-Doornbosch F, Catsman-Berrevoets CE, Berger MAM, De Kloet AJ, Hilberink SR, et al. Neurological outcome in children and youth with acquired brain injury 2-year post-injury. Dev Neurorehabilitation. (2018) 21:465–74. doi: 10.1080/17518423.2018.1460770

 10. Pease M, Gupta K, Moshé SL, Correa DJ, Galanopoulou AS, Okonkwo DO, et al. Insights into epileptogenesis from post-traumatic epilepsy. Nat Rev Neurol. (2024) 20:298–312. doi: 10.1038/s41582-024-00954-y

 11. Lowenstein DH. Epilepsy after head injury: an overview. Epilepsia. (2009) 50:4–9. Wiley Online Library.

 12. Mazzini L, Cossa FM, Angelino E, Campini R, Pastore I, Monaco F. Posttraumatic epilepsy: neuroradiologic and neuropsychological assessment of long-term outcome. Epilepsia. (2003) 44:569–74. doi: 10.1046/j.1528-1157.2003.34902.x

 13. Pohlmann-Eden B, Bruckmeir J. Predictors and dynamics of posttraumatic epilepsy. Acta Neurol Scand. (1997) 95:257–62. doi: 10.1111/j.1600-0404.1997.tb00206.x

 14. Fisher RS, Acevedo C, Arzimanoglou A, Bogacz A, Cross JH, Elger CE, et al. ILAE official report: a practical clinical definition of epilepsy. Epilepsia. (2014) 55:475–82. doi: 10.1111/epi.12550

 15. Rada A, Bien CG. What is autoimmune encephalitis-associated epilepsy? Proposal of a practical definition. Epilepsia. (2023) 64:2249–55. doi: 10.1111/epi.17699.

 16. Graham NSN, Crichton S, Koutroumanidis M, Wolfe CDA, Rudd AG. Incidence and associations of poststroke epilepsy. Stroke. (2013) 44:605–11. doi: 10.1161/STROKEAHA.111.000220

 17. Fordington S, Manford M. A review of seizures and epilepsy following traumatic brain injury. J Neurol. (2020) 267:3105–11. doi: 10.1007/s00415-020-09926-w

 18. Farrell JS, Wolff MD, Teskey GC. Neurodegeneration and pathology in epilepsy: clinical and basic perspectives. Adv Neurobiol. (2017) 15:317–34. doi: 10.1007/978-3-319-57193-5_12

 19. Pease M, Mallela AN, Elmer J, Okonkwo DO, Shutter L, Barot N, et al. Association of posttraumatic epilepsy with long-term functional outcomes in individuals with severe traumatic brain injury. Neurology. (2023) 100:e1967–75. doi: 10.1212/WNL.0000000000207183

 20. Kennedy L, Nuno M, Zwienenberg M. Moderate and severe TBI in children and adolescents: the effects of age, sex, and injury severity on patient outcome 6 months after injury. Front Neurol. (2022) 13:741717. doi: 10.3389/fneur.2022.741717

 21. Gelineau-Morel RN, Zinkus TP, Le Pichon JB. Pediatric head trauma: a review and update. Pediatr Rev. (2019) 40:468–81. doi: 10.1542/pir.2018-0257

 22. Beghi E, Carpio A, Forsgren L, Hesdorffer DC, Malmgren K, Sander JW, et al. Recommendation for a definition of acute symptomatic seizure. Epilepsia. (2010) 51:671–5. doi: 10.1111/j.1528-1167.2009.02285.x

 23. Fisher RS, Cross JH, D'Souza C, French JA, Haut SR, Higurashi N. Instruction manual for the ILAE 2017 operational classification of seizure types. Epilepsia. (2017) 58:531–42. doi: 10.1111/epi.13671

 24. Scheffer IE, Berkovic S, Capovilla G, Connolly MB, French J, Guilhoto L, et al. ILAE classification of the epilepsies: position paper of the ILAE commission for classification and terminology. Epilepsia. (2017) 58:512–21. doi: 10.1111/epi.13709

 25. Trinka E, Cock H, Hesdorffer D, Rossetti AO, Scheffer IE, Shinnar S, et al. A definition and classification of status epilepticus – report of the ILAE Task Force on Classification of Status Epilepticus. Epilepsia. (2015) 56:1515–23. doi: 10.1111/epi.13121

 26. Kwan P, Arzimanoglou A, Berg AT, Brodie MJ, Allen Hauser W, Mathern G, et al. Definition of drug resistant epilepsy: consensus proposal by the ad hoc task force of the ILAE commission on therapeutic strategies. Epilepsia. (2010) 51:1069–77. doi: 10.1111/j.1528-1167.2009.02397.x

 27. Lansky LL, List MA, Lansky SB, Cohen ME, Sinks LF. Toward the development of a play performance scale for children (PPSC). Cancer. (1985) 56:1837–40. doi: 10.1002/1097-0142(19851001)56:7+<1837::aid-cncr2820561324>3.0.co;2-z

 28. Luiz DM, Foxcroft CD, Povey JL. The Griffiths scales of mental development: a factorial validity study. South Afr J Psychol. (2006) 36:192–214. doi: 10.1177/008124630603600111

 29. Wechsler D. Wechsler Intelligence Scale for Children. 4th ed. King-May. Zhuhai: King-May Psychological Assessment Technology (2010).

 30. Chen Y, Chen H. Wechsler Adult Intelligence Scale—Third Edition (WAIS-III) Manual for Taiwan. Chin Behav Sci Corp Taipei (2002).

 31. Robert-Boire V, Desnous B, Lortie A, Carmant L, Ellezam B, Weil AG, et al. Seizures in pediatric patients with primary brain tumors. Pediatr Neurol. (2019) 97:50–5. doi: 10.1016/j.pediatrneurol.2019.03.020

 32. Arango JI, Deibert CP, Brown D, Bell M, Dvorchik I, Adelson PD, et al. Posttraumatic seizures in children with severe traumatic brain injury. Childs Nerv Syst. (2012) 28:1925–9. doi: 10.1007/s00381-012-1863-0

 33. Polat I, Yiş U, Ayanoglu M, Okur D, Edem P, Paketçi C, et al. Risk factors of post-stroke epilepsy in children; experience from a tertiary center and a brief review of the literature. J Stroke Cerebrovasc Dis. (2021) 30:105438. doi: 10.1016/j.jstrokecerebrovasdis.2020.105438

 34. Rao S, Elkon B, Flett KB, Moss AFD, Bernard TJ, Stroud B, et al. Long-term outcomes and risk factors associated with acute encephalitis in children. J Pediatr Infect Dis Soc. (2017) 6:20–7. doi: 10.1093/jpids/piv075

 35. Klein P, Dingledine R, Aronica E, Bernard C, Blümcke I, Boison D, et al. Commonalities in epileptogenic processes from different acute brain insults: do they translate? Epilepsia. (2018) 59:37–66. doi: 10.1111/epi.13965

 36. Appleton R, Demellweek C. Post-traumatic epilepsy in children requiring inpatient rehabilitation following head injury. J Neurol Neurosurg Psychiatry. (2002) 72:669–72. doi: 10.1136/jnnp.72.5.669

 37. Mauritz M, Hirsch LJ, Camfield P, Chin R, Nardone R, Lattanzi S, et al. Acute symptomatic seizures: an educational, evidence-based review. Epileptic Disord. (2022) 24:26–49. doi: 10.1684/epd.2021.1376

 38. He X, Zhai F, Guan Y, Zhou J, Li T, Luan G. Surgical outcomes and prognostic factors of drug-resistant epilepsy secondary to encephalomalacia. Epilepsia. (2019) 60:948–57. doi: 10.1111/epi.14733

 39. Dhamija R, Moseley BD, Cascino GD, Wirrell EC. A population-based study of long-term outcome of epilepsy in childhood with a focal or hemispheric lesion on neuroimaging. Epilepsia. (2011) 52:1522–6. doi: 10.1111/j.1528-1167.2011.03192.x

 40. Andersen M, Matthiesen NB, Murra M, Nielsen SY, Henriksen TB. Early-onset neonatal infection and epilepsy in children. JAMA Netw Open. (2025) 8:e2519090. doi: 10.1001/jamanetworkopen.2025.19090

 41. Murthy JMK, Prabhakar S. Bacterial meningitis and epilepsy. Epilepsia. (2008) 49:8–12. doi: 10.1111/j.1528-1167.2008.01750.x

 42. Sundelin HEK, Tomson T, Zelano J, Söderling J, Bang P, Ludvigsson JF. Pediatric ischemic stroke and epilepsy: a nationwide cohort study. Stroke. (2021) 52:3532–40. doi: 10.1161/STROKEAHA.121.034796

 43. Prince DA, Parada I, Scalise K, Graber K, Shen F. Epilepsy following cortical injury: cellular and molecular mechanisms as targets for potential prophylaxis. Epilepsia. (2009) 50:30–40. doi: 10.1111/j.1528-1167.2008.02008.x

 44. Thomas R, Bijlsma MW, Gonçalves BP, Nakwa FL, Velaphi S, Heath PT. Long-term impact of serious neonatal bacterial infections on neurodevelopment. Clin Microbiol Infect. (2024) 30:28–37. doi: 10.1016/j.cmi.2023.04.017

 45. Pisani F, Spagnoli C, Falsaperla R, Nagarajan L, Ramantani G. Seizures in the neonate: a review of etiologies and outcomes. Seizure. (2021) 85:48–56. doi: 10.1016/j.seizure.2020.12.023

 46. Samara QA, Ifraitekh AS, Al Jayyousi O, Sawan S, Hazaimeh E, Jbarah OF. Use of antiepileptic drugs as prophylaxis against posttraumatic seizures in the pediatric population: a systematic review and meta-analysis. Neurosurg Rev. (2023) 46:49. doi: 10.1007/s10143-023-01963-z

 47. Fragala MA, Haley SM, Dumas HM, Rabin JP. Classifying mobility recovery in children and youth with brain injury during hospital-based rehabilitation. Brain Inj. (2002) 16:149–60. doi: 10.1080/02699050110103328

 48. Chevignard M, Toure H, Brugel DG, Poirier J, Laurent-Vannier A. A comprehensive model of care for rehabilitation of children with acquired brain injuries. Child Care Health Dev. (2010) 36:31–43. doi: 10.1111/j.1365-2214.2009.00949.x

 49. Brinkman TM, Krasin MJ, Liu W, Armstrong GT, Ojha RP, Sadighi ZS, et al. Long-term neurocognitive functioning and social attainment in adult survivors of pediatric CNS tumors: results from the St Jude Lifetime Cohort Study. J Clin Oncol. (2016) 34:1358–67. doi: 10.1200/JCO.2015.62.2589

 50. Prasad MR, Swank PR, Ewing-Cobbs L. Long-term school outcomes of children and adolescents with traumatic brain injury. J Head Trauma Rehabil. (2017) 32:E24–32. doi: 10.1097/HTR.0000000000000218

Copyright
 © 2025 Li, Wang and Tso. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fneur-16-1629669-g003.gif
T ‘b

pﬁ,





OPS/xhtml/Nav.xhtml




Contents





		Cover



		A retrospective cohort study on the seizure risks and outcomes of children with acquired brain injury



		Introduction



		Methods



		Ethics



		Statistical analyses







		Results



		Patient characteristics



		Seizures and epilepsy in children with ABI



		Risk factors predictive of post-ABI seizures



		Outcomes of post-ABI children







		Discussion



		Limitations of our study



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Generative AI statement



		Publisher's note



		Supplementary material



		Abbreviations



		References

















OPS/images/cover.jpg
’ frontiers ‘ Frontiers in Neurology

A retrospective cohort study on
the seizure risks and outcomes of
children with acquired brain
injury





OPS/images/fneur-16-1629669-g001.gif
==
o
JU
-

/Y S |

s 101 s et & et
P iy et
(= =i fe)
o






OPS/images/fneur-16-1629669-g002.gif











OPS/images/crossmark.jpg
©

|






OPS/images/logo.jpg
& frontiers | Frontiers in Neurology







