


[bookmark: _GoBack]  
Original Research Article
Patterns of EEG Abnormalities among Clinically Indicated Cases in Children with Neurodevelopmental Disorders (NDD) in South Western Nigeria                                            
ABSTRACT 

	Aims: To examine the pattern of Electroencephalographic (EEG) abnormalities and their demographic and diagnostic characteristics among children with Neurodevelopmental Disorders (NDDs) referred for EEG at a child mental health facility in Southwestern Nigeria.
Study design:  A prospective observational study
Place and Duration of Study: Child and Adolescent Mental Health Service Center, Federal Neuropsychiatric Hospital, Lagos, between July and December 2024
Methodology: We included 167 children (aged 0–18 years) with confirmed NDD diagnoses. EEGs were performed using a 64-channel Nihon Kohden system, following the international 10-20 electrode placement protocol. EEG features were classified, and statistical analyses (Chi-square, logistic regression) were used to explore associations. 
Results: The mean age was 6.75 ± 4.79 years; 58.7% were male. The most common diagnoses were seizure disorder (30.5%), autism spectrum disorder (15.6%), and global developmental delay (15.6%). Abnormal EEGs were seen in 51.5% of participants, with burst epileptiform activity (18.6%) and primary generalized epilepsy (17.4%) being most common. Abnormal discharges were frequently localized to frontal and temporal lobes. Age group and diagnosis significantly predicted EEG abnormalities. Children aged 6–11 years and those with Global Developmental Delay (GDD) or GDD+seizures were at higher risk.
Conclusion: EEG abnormalities are common among clinically indicated NDD cases and may support early detection of cortical dysfunction, especially in children with GDD and seizures. 
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1. INTRODUCTION

Neurodevelopmental disorders (NDDs) are a group of disorders characterized by impairments in interpersonal, academic, or occupational functioning1. They have been described as impairment or delayed development that have the peculiarities of onset during infancy or early childhood, often localized to the central nervous system and runs a steady course through the life span (1,2). According to DSM-5 and ICD-11, these disorders include autism spectrum disorder (ASD), attention-deficit/hyperactivity disorder (ADHD), intellectual disability (ID), specific learning disorders, communication disorders, motor disorders, and epilepsy-related neurocognitive syndromes (3,4).
The prevalence of NDDs varies within regions of the world and is dependent on the extent of development and improvement in maternal, neonatal and paediatric health care (5). A systematic review of the prevalence of neurodevelopmental disorders reported a global prevalence of 4.7-8.5%6. Various Nigerian studies reported a pooled prevalence of 9.7-22.0% (5,7,8). These wide variation in prevalence rate elucidates the influence of the health care advancement, level of expertise in the diagnosis of these disorders and the sociocultural aspect of the disorders.
Electroencephalography is a procedure that records the cortical electrical signals and activities of the brain. It is non-invasive and the information obtained from EEG focuses on functional disturbances rather than structural damage of the brain (9). EEG can be used to explore functioning of the brain in the health population and also those with medical or psychiatric disorders. It is done while at rest or during response to external stimuli (10). The procedure can detect diffuse or focal slowing or different forms of paroxysmal or epileptiform activities (10,11). EEG is also relevant in capturing seizures in patients with seizure disorders or epilepsy. It is applicable for classification, locating exact region of brain where seizure arises from, and other transient interictal EEG changes (12). Although EEG is not a primary tool for diagnosis in NDDs, it can be clinically used to differentiate epileptic and non-epileptic activities or identify epileptiform discharges which may coexist with dysfunctional behaviour and cognitive impairment and could affect the outcome of management.
Despite growing use of EEG in clinical child neuropsychiatry in Nigeria, there remains limited research on the distribution and clinical significance of EEG abnormalities across diverse NDD diagnoses among clinically indicated referrals. There is limited data on documentation of EEG patterns across the full spectrum of NDDs in routine clinical settings. Patterns of abnormalities—whether focal, generalized, or background disturbances—have not been well-characterized in the Nigerian pediatric population. This study therefore seeks to describe the clinical characteristics and electroencephalographic (EEG) patterns among children with neurodevelopmental and seizure disorders referred for EEG evaluation in a developmental clinic in South Western Nigeria, with the goal of contributing to early detection, appropriate clinical interpretation, and improved neurodevelopmental care pathways.

2.  methodology 

Study Location
The study was carried out on subjects with neurodevelopmental disorders attending the Child and Adolescent Mental Health Service Center (CAMHSC). It is the largest center for children and adolescents in Nigeria and serves as referral center for hospitals in the South Western region (13). The Electroencephalographic recording on the participants was at the neurodiagnostic department of CAMHSC. The department is staffed by professionals who conduct various neurophysiological test that provide valuable insights in patient management (14).
Participants 
These included children aged ≤18 years who have received a diagnosis of a NDD by a Child Psychiatrist using ICD-11, and have been referred for EEG by the psychiatrist as part of the evaluation procedure. 
Study Procedure 
It was a prospective study on new consecutive patients diagnosed to have developmental disorder and referred for EEG recording by the psychiatrist during the study period. For each of the participants, socio-demographic data was also obtained. The study took place from 1st July 2024 to 31st December 2024. 
EEG Recording 
The EEG recording was done on each subject using 64-channel computerized Nihon Kohden EEG system; in accordance to the 10-20 international System of system of electrode placement.  The recordings were conducted while patient was calm, conscious, alert and awake and in some cases, during light sleep. No sedation was administered before or during the session.
Provocative procedures such as hyperventilation, sleep and sleep deprivation were employed to stimulate epileptiform discharges. The EEG was recorded by an ABRET-Certified Neurodiagnostic Expert and interpreted by the Consultant Psychiatrist. EEG recording was considered abnormal when slow waves, sharp waves, spikes, spike-wave complexes or any epileptiform discharges were noted in the tracings. Those with abnormal EEG recordings were further classified into either focal or generalized or epileptiform discharges depending on the findings on EEG tracing.
During the EEG session, the participant was in a comfortable sitting position in the recording room with controlled distraction from the environment. For the young children or those who required help with sitting, they were carried by their caregivers. The expert was not aware of the clinical diagnosis of the participant. All motions from the participant that could obviously affect recording were noted on the tracing as artefacts. Each EEG recording session lasted about 45-50mins.
Ethical Consideration
Ethical approval was obtained from the Health Research and Ethics Committee of the Federal Neuropsychiatric Hospital, Yaba, Lagos, Nigeria. All participants received a detailed information sheet explaining the study purpose, procedures, risks, and benefits. Written informed consent was obtained before participation. It was explicitly stated to participants that they can withdraw at any stage of the study if they are no longer willing to continue and that this would not affect their management in any way.
Data Analysis 
The Statistical Package for Social Sciences version 27 was used for data analysis. Descriptive statistics were obtained for the socio-demographic data and EEG features. Chi square statistics were used to examine statistical significance between categorical variables. Logistic regression was carried out to identify predictors of EEG abnormalities. Level of significance was set at 0.05.

3. results and discussion

Descriptive Characteristics of Participants
A total of 167 children were included in the study. The mean age was 6.75 ± 4.79 years, with the majority (55.1%) aged 0–5 years. Males constituted 58.7% of the sample. The most common diagnoses were seizure disorder (30.5%), ASD (15.6%), and global developmental delay (GDD) (15.6%). Clinical seizures were reported in 62.9% of participants. Nearly half (48.5%) had a normal EEG, while burst epileptiform activities (18.6%) and primary generalized epilepsy (17.4%) were the most frequent abnormal EEG findings. 

TABLE 1: Descriptive Statistics of Study Participants
	VARIABLE
	FREQUENCY(n=167)
	PERCENTAGE (%)

	Gender
	
	

	Male 
	98
	58.7

	Female
	69
	41.3

	Age
	
	

	0-5 years
	92
	55.0

	6-11 years
	39
	23.4

	12-18 years
	36
	21.6

	Mean 6.75 ± 4.790
	
	

	Diagnosis
	
	

	Global developmental delay
	26
	15.6

	Seizure disorder
	51
	30.5

	GDD + SD
	8
	4.8

	ASD + SD
	6
	3.5

	 Cerebral palsy
	14
	8.4

	ASD + ADHD
	12
	7.2

	ADHD + SD
	3
	1.8

	Down syndrome
	4
	2.4

	Intellectual disability
	8
	4.8

	ADHD
	1
	0.6

	ASD + ID
	7
	4.2

	ASD + CP
	1
	0.6

	ASD
	26
	15.6

	Clinical seizures
	
	

	Present
	105
	62.9

	Absent 
	62
	37.1

	EEG diagnosis
	
	

	Primary generalized epilepsy
	29
	17.4

	Complex partial epilepsy
	9
	5.4

	Burst epileptiform activities
	31
	18.6

	Focal epileptiform activities
	17
	10.1

	Normal EEG
	81
	48.5


GDD- global developmental delay, SD- seizure disorder, ASD- autism spectrum disorder, ADHD- Attention deficit hyperactivity disorder, CP- cerebral palsy, ID- intellectual disability, EEG- electroencephalogram


EEG Feature Distribution
The most common background EEG features included beta waves (50.9%), sharp waves (24.6%), and polyspikes (37.7%). Alpha waves were present in 18.6% of participants, while delta (0.6%) and theta waves (8.4%) were rarely observed. EEG abnormalities were most frequently localized to the frontal (10.8%) and temporal (13.2%) region.
TABLE 2: EEG Features of Study Participants
	EEG feature
	Absent
	Present

	Alpha waves
	136(81.4)
	31(18.6)

	Beta waves
	82(49.1)
	85(50.9)

	Delta waves
	166(99.4)
	1(0.6)

	Theta waves
	153(91.6)
	14(8.4)

	Spikes
	136(81.4)
	31(18.6)

	Polyspikes
	104(62.3)
	63(37.7)

	Sharp waves
	126(75.4)
	41(24.6)

	Slow waves
	146(87.4)
	21(12.6)

	Frontal region
	149(89.2)
	18(10.8)

	Occipital 
	100(100)
	0(0)

	Temporal
	145(86.8)
	22(13.2)

	Central
	155(92.8)
	12(7.2)

	Parietal
	162(97.0)
	5(3.0)


 
Association between Clinical Seizures and EEG Diagnosis
A significant association was found between seizure history and EEG diagnosis (χ² = 70.815, p < 0.001). Children with clinical seizures were more likely to show primary generalized epilepsy (43.5%) or complex partial epilepsy (12.9%), while those without seizures most frequently had normal EEGs (54.3%) or burst/focal epileptiform patterns.
TABLE 3: Association between clinical seizures and EEG diagnosis
	Variable
	Seizures Absent
	Seizures Present
	Total 
	ꭓ2
	P-Value

	Primary generalized epilepsy
	2 (1.9%)
	27 (43.5%)
	29 (17.4%)
	70.815
	< 0.001

	Complex partial epilepsy
	1 (1.0%)
	8 (12.9%)
		9 (5.4%)



	
	

	Burst epileptiform activities
	29 (27.6%)
	2 (3.3%)
	31 (18.6%)
	
	

	Focal epileptiform activities
	16 (15.2%)
	1 (1.6%)
	17 (10.1%)
	
	

	Normal EEG
	57 (54.3%)
	24 (38.7%)
	81 (48.5%)
	
	


 
EEG Patterns by Clinical Diagnosis
There was a statistically significant association between the type of neurodevelopmental/seizure diagnosis and EEG findings (χ² = 117.994, p < 0.001) (Table 4). Children with:
· GDD showed predominantly burst and focal epileptiform activity
· Seizure disorder showed mostly primary generalized and complex partial epilepsy
· ASD, ASD+ADHD, and cerebral palsy had higher rates of normal EEGs
· Diagnoses with fewer than 5 cases were grouped as "Others" and also showed variable EEG findings.


TABLE 4:  EEG Diagnosis by Neurodevelopmental and Seizure Disorder Diagnoses 
	Diagnosis Group
	Most Frequent EEG Pattern
	% with Normal EEG
	Notable Abnormal Patterns
	ꭓ2
	p-value

	GDD
	Burst & Focal Epileptiform
	26.9%
	Burst (34.6%), Focal (34.6%)
	117.994
	< 0.001

	Seizure Disorder
	Primary Generalized Epilepsy
	45.1%
	PGE (37.3%), CPE (9.8%)
	
	

	GDD and SD
	Mixed
	12.5%
	PGE (37.5%), CPE (37.5%)
	
	

	ASD
	Normal EEG
	65.4%
	Burst (30.8%)
	
	

	ASD and ADHD
	Normal EEG
	58.3%
	Burst (33.3%)
	
	

	Cerebral Palsy
	Normal EEG
	57.1%
	Burst (21.4%), Focal (14.3%)
	
	

	Others (n<5)*
	Normal EEG
	Varied
	Varied
	
	


*cell count less than 5 (Includes ID, DS, ASD+ID, ASD+CP, ADHD, ADHD+SD), PGE- primary generalized epilepsy, CPE- complex partial epilepsy
 
 
EEG Findings by Gender
No significant association was observed between gender and EEG diagnosis (χ² = 2.262, p = 0.688). Both males and females had similar distributions of EEG findings, with normal EEGs being the most common in both groups.
Table 5: EEG diagnosis by gender
	DIAGNOSIS
	MALE
	FEMALE
	ꭓ2
	p-value

	Primary generalized epilepsy
	15(51.7)
	14(48.3)
	2.262
	0.688

	Complex partial epilepsy
	4(44.4)
	5(55.6)
	
	

	Burst epileptiform activities
	19(61.3)
	12(38.7)
	
	

	Focal epileptiform activities
	9(52.9)
	8(47.1)
	
	

	Normal EEG
	51(63.0)
	30(37.0)
	
	


 
EEG Findings by Age Group
There was a significant association between age group and EEG diagnosis (χ² = 30.872, p < 0.001) (Table 6). Children aged:
· 0–5 years had the highest proportion of burst (83.9%) and focal epileptiform patterns (64.7%)
· 6–11 years had more diverse findings, including primary generalized epilepsy (31.0%)
· 12–18 years had the highest proportion of normal EEGs (80.6%)
 
 
Table 6: EEG diagnosis by age
	DIAGNOSIS
	0-5 years
	6-11 years
	12-18 years
	Total 
	ꭓ2
	p-value

	Primary generalized epilepsy
	19(65.5)
	9(31.0)
	1(3.5)
	29
	30.872
	<0.001

	Complex partial epilepsy
	5(55.6)
	1(11.1)
	3(33.3)
	9
	
	

	Burst epileptiform activities
	26(83.9)
	4(12.9)
	1(3.2)
	31
	
	

	Focal epileptiform activities
	11(64.7)
	4(23.5)
	2(11.8) 
	17
	
	

	Normal EEG
	31(38.3)
	21(25.9)
	29(35.8)
	81
	
	


 
 
Predictors of EEG Abnormalities 
A binary logistic regression model was used to identify independent predictors of EEG abnormalities. Age group was a significant predictor. Compared to children under 6. Children aged 6–11 years had over 10 times higher odds of having an abnormal EEG (OR = 10.37, p < 0.001). Those aged 12–18 years had 4.82 times higher odds (p = 0.010). Specific diagnoses like GDD (OR = 5.96, p = 0.005) and GDD+SD (OR = 15.80, p = 0.042) were also significantly associated with EEG abnormalities. Gender and clinical seizures were not significant independent predictors in the adjusted model.
 
Table 7: Binary logistic regression predicting EEG diagnosis
	Variable
	B
	SE
	df
	p-value
	OR

	Gender (Male)
	-0.522
	0.401
	1
	0.193
	0.593

	Age Group
	
	
	2
	0.000
	—

	  6–11 years
	2.339
	0.591
	1
	0.000
	10.368

	  12–18 years
	1.573
	0.613
	1
	0.010
	4.820

	Diagnosis
	
	
	12
	0.511
	—

	  GDD
	1.785
	0.635
	1
	0.005
	5.957

	  Seizure disorder
	1.367
	0.808
	1
	0.091
	3.925

	  GDD + SD
	2.760
	1.359
	1
	0.042
	15.801

	Other diagnosis*
	-
	-
	-
	-
	-

	Clinical Seizures (Yes)
	-0.333
	0.683
	1
	0.626
	0.717

	Constant
	-2.137
	0.980
	1
	0.029
	0.118

	Cox & Snell R² = .284, Nagelkerke R² = .379


*other diagnosis: produced extreme coefficients or zero odds ratios, likely due to small cell counts or quasi-complete separation.
OR- odds ratio, GDD- global developmental delay, SD- seizure disorder
 
DISCUSSION
This study provides valuable insights into the patterns and predictors of EEG abnormalities among children with neurodevelopmental disorders (NDDs) referred for EEG evaluation in a clinical setting in Southwestern Nigeria. The demographic distribution in this study showed a male predominance (58.7%) and majority of participants under 6 years of age (55.1%). This is similar to findings from other Nigerian studies on prevalence of neurodevelopmental disorders (5,8,15). Systematic reviews have demonstrated that gender contributes to biological and behavioural vulnerability in male children. Also, female sex hormones have been identified as protective in neurodevelopmental disorders (16). A substantial number of children with neurodevelopmental disorders are typically diagnosed during the preschool years, often coinciding with preparations for school enrollment or when caregivers begin to observe developmental differences compared to age-matched peers. This likely accounts for the higher proportion of newly referred patients under the age of six in this study.
EEG abnormalities were common in this participants, with over half of the participants showing abnormal results. Burst epileptiform discharges (18.6%) and primary generalized epilepsy (17.4%) were the most prevalent abnormal findings. This aligns with similar Nigerian studies that have reported high rates of EEG abnormalities in children with developmental disorders. In a study to describe the electroencephalographic profile of children age 1-16 years attending a neurophysiology center in Lagos, 80.5% of the children had abnormal EEG recording17. This findings highlight the relevance of EEG in assessments of children with NDD. In another study of the rate of EEG abnormalities in 319 children less than 18 years in an outpatient psychiatry clinic in Korea, 21.3% of the children had abnormalities with Neurodevelopmental disorders having the most frequent abnormalities (18). These lower rate may be due to lower incidence of neurodevelopmental disorders in developed countries.
A significant proportion (62.9%) of participants had a history of clinical seizures, and EEG findings were significantly associated with seizure history (p < 0.001). Children with clinical seizures were more likely to have generalized or complex partial epileptiform discharges, while those without seizures predominantly had normal EEGs or focal abnormalities. This supports existing knowledge that EEG is particularly useful in characterizing seizure types and guiding epilepsy management (9,19).
Frontal and temporal lobes were the most frequent sites of abnormal activity, with dominance of beta waves, sharp waves and polyspikes as background abnormalities. This reflects the heightened cortical excitability in NDDs, which may influence behavior, cognition, and seizure susceptibility (20).
Importantly, the study found that different neurodevelopmental diagnoses were associated with distinct EEG patterns. Children with GDD and GDD+SD had the highest rates of abnormal EEGs, primarily burst and focal epileptiform discharges. In contrast, children with ASD, ASD+ADHD, and CP showed higher proportions of normal EEGs, though some had burst discharges. Those without clinical seizures showed higher proportions of normal EEGs. These findings suggest that the presence and pattern of EEG abnormalities may vary with the underlying neurodevelopmental condition.
The logistic regression analysis revealed that age and specific diagnoses (especially GDD and GDD+SD) were independent predictors of EEG abnormalities. Compared to children under 6 years, those aged 6–11 years had over 10 times higher odds of having an abnormal EEG, and those aged 12–18 had nearly five times the odds. This is consistent with developmental changes in EEG patterns over time from neonate to adolescence (21), and with findings that suggest that EEG abnormalities may become more pronounced or detectable as the brain matures, thus highlighting developmental changes in neural connectivity and cortical structure of the brain (22). Interestingly, clinical seizures and gender were not significant independent predictors of EEG abnormalities in the adjusted model. This underscores the complex relationship between clinical seizure presentation and EEG findings, and the necessity of EEG evaluation even in children without obvious seizure symptoms.
A major strength of the study is the recruitment of participants with clearly distinct ICD- 11 diagnosis made by a child psychiatrist. However, this study involved a large sample of children with some diagnostic subgroups having very small numbers thereby reducing the power to detect significant EEG patterns in such groups. Another limitation is the cross-sectional study design that limits its ability to draw conclusion about temporal relationships between clinical diagnosis and EEG abnormalities.
The findings of this study have important clinical implications. Routine EEG evaluation, though not diagnostic for most NDDs, can uncover subclinical epileptiform discharges that may influence treatment decisions, especially in children with cognitive, behavioral, or developmental delay. Early identification of such abnormalities can support more individualized, neurologically informed management strategies.
Conclusion
This study reinforces the value of EEG in the evaluation of children with neurodevelopmental disorders, especially those with comorbid seizures or developmental delay. The high yield of EEG abnormalities in this population supports its continued use as a supplementary tool in diagnostic and therapeutic planning. Future research should explore the longitudinal outcomes of children with EEG abnormalities and investigate how these findings impact neurodevelopmental trajectories and response to interventions.
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