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ABSTRACT
Autism is a severe neurodevelopmental disorder that affects many individuals around the world, with a constantly 
increasing prevalence. The association between autism and electroencephalographic (EEG) abnormalities in children 
suggests a worse evolution of  clinical features. A retrospective study was conducted, including 101 children with 
autism who underwent clinical and neurological examination and wake electroencephalography. This study aimed 
to examine EEG abnormalities in children with autism, identify phenotypic characteristics associated with these 
abnormalities, asses their clinical relevance, and determine potential phenotypic correlations. The results showed 
that 10.89% of  the patients in the study presented EEG abnormalities, similar to those of  other studies that used 
wake EEG. Of  these patients, 18.18% presented epileptic-type discharges, such as spike and wave complexes, and 
81.81% presented non-epileptic-type abnormalities, such as bursts of  slow waves, generalized or focal. Regarding the 
phenotypic profile of  the patients with EEG abnormalities, 45.45% had a positive family history, 63.63% presented 
with dysmorphic features and 27.27% presented with gait disturbance. This study shows that some children with 
autism present multiple EEG abnormalities and diverse phenotypic traits in terms of  personal and family history, 
dysmorphic features, and neurological examination. Identifying EEG abnormalities can improve clinical decisions 
with complex treatment and monitoring of  co-occurring conditions like epilepsy. The use of  accessible, effective, and 
noninvasive assessment tools, such as EEG recordings and neurological examinations in children with autism, can 
provide valuable support for improved case management.
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INTRODUCTION

Autism Spectrum Disorder (ASD) is a group of  severe and per-
sistent neurodevelopmental disorders. According to the Diag-
nostic and Statistical Manual of  Mental Disorders, Fifth Edition 
(DSM-5), published by the American Psychiatric Association, 
ASD is characterized by a triad of  core deficits: impairments in 
social interaction, deficits in verbal and non-verbal communica-
tion, and restricted, repetitive and stereotyped pattern of  inter-
ests and activities [1]. Recent data from the 2023 Community 
Report of  the Centers for Disease Control and Prevention (CDC) 
Autism and Developmental Disorders Surveillance Network in-
dicate that the global prevalence of  ASD in children is estimated 
at 2.7% or approximately one in 36 children [2]. This represents 

an increase from earlier estimates of  one in 54 children in 2016 
[3] and one in 59 in 2014 [4]. 

Epilepsy, the most common neurological disorder, affects ap-
proximately 50 million individuals worldwide, with prevalence 
rates varying from 5.8% in developed countries to 12.7% in ru-
ral areas of  developing countries [5]. The International League 
Against Epilepsy (ILAE) defines epilepsy as an enduring predis-
position to generate epileptic seizures, typically diagnosed after 
two unprovoked seizures occurring more than 24 hours apart. 
Epilepsy syndromes are further characterized by specific clinical 
and electroencephalographic features, often supported by genet-
ic, structural, or metabolic findings [6].

Electroencephalography (EEG) is the most widely used investi-
gation method for recording the bioelectrical activity of  the brain 
[7] and the paraclinical method of  choice for the diagnosis of  
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epilepsy, with the role of  identifying the type of  epilepsy [8] and 
classifying epileptic syndromes, according to the ILAE [9]. Many 
researchers have suspected that paroxysmal epileptic discharges, 
without being conventionally defined as epileptic seizures, may 
have important neuropsychiatric and neurobehavioral conse-
quences [10]. Recent research indicates that epileptic discharges 
are not asymptomatic. In children with ASD, abnormal EEG 
findings may indicate more severe clinical outcomes, with lower 
adaptative functioning, cognitive impairment, and clinical and 
neurological deficits [11,12].

This study aimed to examine EEG abnormalities in children 
with autism and to identify the phenotypic characteristics asso-
ciated with these abnormalities, including personal and family 
history, clinical and neurological examination, and neuroleptic 
treatment, as well as to determine potential correlations.

A significant yet variable prevalence of  EEG abnormalities 
has been documented in non-epileptic children with ASD [13]. 
The prevalence of  EEG abnormalities in patients with autism 
has been reported to range from 8% to 80% by Bosetti et al. [13] 
and from 4% to 86% by Prenzano et al. [14] in subclinical EEG 
abnormalities. The type of  EEG contributes to this variability, 
with a lower prevalence in studies using wake recordings and a 
higher prevalence in long-term and sleep EEG recordings [12]. 
Regarding the type of  abnormalities recorded on the EEG, the 
prevalence of  epileptic-type EEG abnormalities in patients with 
autism alone ranges from 28% [15] to 30% [14], while non-epi-
leptic abnormalities, such as paroxysmal slow wave activity, have 
been observed in up to 58% of  cases [15].

In Romania, limited research has addressed EEG abnormal-
ities in children with autism. Although some studies have eval-
uated children with autism using the ABAS scale, neurological 
examinations, and EEG assessments [16], most have focused 
primarily on clinical symptomatology [17]. Within this context, 
this study is important to fill a gap in the literature on electroen-
cephalographic abnormalities in children with autism and their 
phenotypic profile characteristics. 

MATERIAL AND METHODS

Study design and patients   

We performed a retrospective, single-center study on children di-
agnosed with autism who underwent EEG and neurological ex-
aminations at the Dr. Constantin Gorgos Hospital in Bucharest, 
Romania, between February 2021 and April 2023. The study was 

approved by the hospital’s ethics committee (no. 4747/02.12.2020) 
and conducted following the Declaration of  Helsinki. Written in-
formed consent was obtained from all patients. Patients were in-
cluded if  they met the predefined inclusion and exclusion criteria.

The inclusion criteria were patients aged between 2 and 18 
years, previously diagnosed with autism by their attending pedi-
atric psychiatrist according to the ICD-10 diagnostic criteria [18], 
those who received a clinical neurological evaluation and a wake 
EEG examination by a pediatric neurologist, and patients whose 
EEG recordings showed abnormalities. The exclusion criteria 
were patients previously diagnosed with epilepsy and those who 
could not perform the EEG investigation. 

A total of  101 children with autism, aged between 2 and 18 
years, were evaluated through neurological examination and wake 
EEG, of  whom 11 (10.89%) exhibited EEG abnormalities.

Personal history was considered positive in the presence of  
prenatal maternal pathology, fetal distress, or any perinatal com-
plications. A positive family history was defined as a documented 
presence of  psychiatric pathology among family members. Dys-
morphic features in the clinical examination were considered pos-
itive in cases of  craniofacial dysmorphisms (e.g., macrocrania, cra-
niosynostosis, or microcephaly), weight and stature abnormalities, 
anomalies of  the limbs, or anomalies of  the skin (e.g. cafe-au-lait 
spots, angiofibromas, or achromic spots). Neurological examina-
tion was considered positive for abnormalities in fine motor skills, 
motility, gait, muscle tone, coordination, osteotendinous reflectiv-
ity, and cranial nerves examination. 

Medical information related to neuroleptic treatment was col-
lected from the patient’s medical records.

Methodology 

Data regarding patients’ history and clinical, psychiatric, and 
neurological examinations were retrieved from the medical re-
cords. The wake standard EGGs were analyzed for all patients 
by a pediatric neurologist with 10 years of  experience in EEG 
interpretation.

Medical investigation – Electroencephalogram (EEG)
Patients underwent a standard wake EEG using 19 cephalic 
bridge-type electrodes arranged in a bipolar montage, following 
the international 10-20 system, with a reference system and an 
EKG line. The recordings lasted between 15 and 20 minutes and 
were performed in accordance with the International League 

Figure 1. Distribution of patients according to neurological ex-
amination
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Figure 2. Distribution of patients according to the type of EEG 
abnormalities
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expressed as frequencies and percentages, while quantitative vari-
ables were summarized using mean values and standard devia-
tions. Group differences were evaluated using the Kruskal–Wallis 
test, with statistical significance defined as a P value <0.05. 

RESULTS

Phenotypic characteristics of the patients    

Among the patients included in the study, 11 (10.89%) present-
ed EEG abnormalities. Of  these, eight (72.72%) were male, and 
three (27.27%) were female participants, with a mean age of  
9.36 (+/- 3.72) years. Regarding the patient history among the 

Against Epilepsy recommendations [19]. The EEG recordings 
were performed following the next steps: eyes open, eyes closed, 
hyperventilation, and intermittent light stimulation. EEG re-
sults were considered positive if  the patient showed epileptic or 
non-epileptic abnormalities. The following abnormalities were 
considered epileptic: spikes, polyspikes, spike and wave complex-
es, or sharp waves. The following abnormalities were considered 
non-epileptic: abnormal focal or generalized activity producing 
either a slower or faster pathway [20]. 

Statistical analysis 

The patient database was constructed and analyzed using IBM 
SPSS version 23 (IBM, Chicago, IL, USA). Qualitative data were 

Figure 3. Wake EEG recording. A, Bursts of slow waves with a frequency of approximately 5 Hz and with an amplitude of less than 100 μV, located 
in the central regions; B, Bursts of slow waves with a frequency of approximately 5 Hz and with a high amplitude of approximately 100-150 μV, 
located in the central regions.

B
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(72.72%) with atypical autism, and two (18.18%) with other per-
vasive developmental disorders.

Electroencephalogram results 

Regarding the EEG records, three patients (27.27%) showed gen-
eralized EEG abnormalities, and eight (72.72%) presented focal 
EEG abnormalities. Among the eight patients with focal EEG 
abnormalities, two (18.18%) patients showed unilateral focal ab-
normalities, and six (54.54%) patients had bilateral focal abnor-
malities (Figure 2). 

Among all patients, two (18.18%) presented with epileptic-type 
abnormalities, and nine (81.81%) of  the patients had non-epilep-
tic-type abnormalities. Of  the two patients with epileptic-type 
abnormalities, one had temporo-parietal focal discharges, and 

patients with EEG abnormalities, two (18.18%) had a positive 
personal history, and five (45.45%) had a positive family histo-
ry. During the clinical examination, 7 (63.63%) of  these patients 
presented with dysmorphic features.

In terms of  the neurological examination among the 11 pa-
tients with EEG abnormalities, one patient (9.09%) presented 
with abnormalities of  the cranial nerves, three patients (27.27%) 
presented gait disturbances, two patients (18.18%) had muscle 
tone anomaly, and one patient (9.09%) had fine motor skills ab-
normalities. None of  the patients presented coordination disor-
ders or osteotendinous reflectivity abnormalities (Figure 1).

Additionally, six (54.54%) of  the patients with EEG abnor-
malities were receiving neuroleptic treatment. Regarding the 
primary autism diagnosis provided by the pediatric psychiatrist, 
one (9.09%) patient was diagnosed with childhood autism, eight 

Figure 4. Wake EEG recording. A, Generalized spike-and-wave complexes, with greater amplitude in the left hemisphere, in the central-temporal 
area, amplitude ~ 400 µV, frequency 3 Hz, duration; B, Generalized spike-and-wave complexes.
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bilateral temporo-parietal distribution, repeated throughout the 
recording, and without clinical correspondence (Figure 3AB).

Patient 2   

A 8-year-old male patient diagnosed with atypical autism pre-
sented with two generalized spike-and-wave complexes. These 
complexes exhibited a higher amplitude in the left hemisphere 
within the centro-temporal region (corresponding to C3-T3-P3 
leads), with an amplitude of  approximately 400 µV, a frequency 

the other had generalized discharges. The most representative 
EEG abnormalities are described below.

Patient 1  

A 17-year-old male patient diagnosed with childhood autism 
demonstrated bursts of  slow waves with a frequency of  approx-
imately 5 Hz. Some bursts had a lower amplitude (less than 100 
μV), while others had higher amplitudes ranging from 100 to 
150 μV, with variable sharp morphology. These discharges were 
primarily localized to the central region (Cz-Pz) with occasional 

Figure 5. Wake EEG recording. Bursts of slow theta waves with a frequency of 6 Hz, amplitude of approximately 150 µV, with bilateral 
centro-parietal localization

Figure 6. Wake EEG recording. Generalized spike-and-wave complex discharges cluster with an amplitude of approximately 100-150 µV, 
frequency of 3 Hz, in a display resolution of 10 μV/mm
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Patient 4  

A 6-year-old female patient diagnosed with atypical autism pre-
sented a single generalized spike-and-wave complex discharge 
cluster with an amplitude of  approximately 100-150 µV, a fre-
quency of  3 Hz, and a duration of  2 seconds, without any clinical 
corresponding manifestations (Figure 6).

Patient 5 

A 12-year-old male patient diagnosed with atypical autism pre-
sented with bilateral focal slow wave bursts with a frequency of  

of  3 Hz, and a duration of  around 2 seconds. No clinical man-
ifestations were observed during these discharges (Figure 4AB).

Patient 3 

A 4-year-old male patient diagnosed with atypical autism, pre-
sented short bursts of  slow theta waves. These waves had a fre-
quency of  6 Hz and an amplitude of  approximately 150 µV, with 
bilateral central-parietal localization, also without any clinically 
corresponding manifestations (Figure 5).

Figure 7. Wake EEG recording. Bilateral focal slow wave bursts, with a frequency of approximately 6-8 Hz, an amplitude of 100 µV, a tem-
poral bilateral localization, and a higher amplitude on the left hemisphere

Figure 8. Wake EEG recording. Generalized wave bursts, with a frequency of approximately 6-8 Hz and an amplitude of 100 µV
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Patient 7 

A 13-year-old male patient diagnosed with atypical autism pre-
sented bilateral focal theta wave bursts, amplitude approximately 
20-100 µV, in the central-parietal area, with greater amplitude in 
the left hemisphere, without any clinical corresponding manifes-
tations (Figure 9).

Patient 8 

A 12-year-old male patient diagnosed with atypical autism pre-
sented focal bilateral slow wave bursts, with a frequency of  ap-

approximately 6-8 Hz, an amplitude of  100 µV, a temporal bilat-
eral localization, and a higher amplitude on the left hemisphere, 
a duration of  approximately 1 second, without any clinical corre-
sponding manifestations (Figure 7).

Patient 6 

A 6-year-old male patient diagnosed with atypical autism pre-
sented with generalized wave bursts with a frequency of  ap-
proximately 6-8 Hz, an amplitude of  100 µV, and a duration 
of  approximately 1 second, without any clinical corresponding 
manifestations (Figure 8).

Figure 9. Wake EEG recording. Bilateral focal theta wave bursts, amplitude approximately 20-100 µV, in the centro-parietal area, with a 
greater amplitude in the left hemisphere

Figure 10. Wake EEG recording. Focal bilateral slow wave bursts, with a frequency of approximately 7 Hz, in the frontal-central-parietal 
areas of both hemispheres
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Patient 10 

A 7-year-old female patient diagnosed with atypical autism pre-
sented unilateral focal delta wave bursts, with an amplitude of  
200-300 µV, with right central posterior unilateral localization, 
without any clinical corresponding manifestations (Figure 12). 
Patient 9 and Patient 10 are twin sisters.

proximately 7 Hz, in the frontal-central-parietal areas of  both 
hemispheres without any clinical corresponding manifestations 
(Figure 10).

Patient 9  

A 7-year-old female patient diagnosed with atypical autism pre-
sented unilateral focal delta wave bursts, with an amplitude of  
200-300 µV, with right central posterior localization, without any 
clinical corresponding manifestations (Figure 11).

Figure 11. Wake EEG recording. Focal unilateral delta wave bursts, with an amplitude of 200-300 µV, and with right central posterior 
localization

Figure 12. Wake EEG recording. Focal unilateral delta wave bursts, with an amplitude of 200-300 µV, and with right central posterior 
bilateral localization
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Also, there were borderline statistically significant differences 
for dysmorphic features (P = 0.0961) between the group with 
normal EEG (34.4%) and those with abnormalities (63.6%) [16] 
(Figure 15).

DISCUSSION

Electroencephalography, due to its non-invasive and safe char-
acteristics, is used in a variety of  clinical situations: disease fol-
low-up, monitoring response to treatment, changes in seizure 
semiology in epileptic patients, management of  critically ill 
patients, comatose patients, patients suspected of  status epilep-
ticus or encephalopathy, or in presurgical evaluation [21]. Other 
specific indications for the pediatric population include genetic 
syndromes, metabolic disorders, psychomotor regression, and 
developmental disorders [21].

Patient 11 

A 11-year-old male patient diagnosed with other pervasive de-
velopmental disorders presented bilateral focal wave bursts with 
an amplitude of  50 µV and a frontal-central bilateral localization 
without any clinical corresponding manifestations (Figure 13).

Correlations between EEG abnormalities and the 
phenotypic profile 

Several correlations were observed between EEG abnormalities 
and elements of  the phenotypic profile. In the overall study popu-
lation, dysmorphic features were identified in 38 (37.6%) patients, 
while 31 (30.7%) were receiving neuroleptic treatment. There were 
borderline statistically significant differences for neuroleptic treat-
ment (P = 0.0878) between the group with normal EEG (27.8%) 
and those with abnormalities (54.5%) [16] (Figure 14).

Figure 13. Wake EEG recording. Bilateral focal wave bursts, with an amplitude of 50 µV and a frontal-central bilateral localization

Figure 14. Difference between EEG types depending on neurolep-
tic treatment

Figure 15. Difference between EEG types depending on dysmor-
phic features
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neuronal excitability, followed by the limitation of  synaptic trans-
mission and the impairment of  neuronal function, would play a 
role in the association of  ASD–epilepsy [26].

There are several limitations to this study. First, the study relied 
on wake EEG recordings, following the practical standards of  the 
clinic, as sleep or long-term EEG are mainly used in cases where 
there is suspicion of  epileptic seizures. Second, the absence of  a 
control group limits our ability to determine whether the EEG 
abnormalities observed are specific to autism. Other limitations 
in terms of  generalizability were related to the number of  pa-
tients, mainly since there was a small group of  children with au-
tism exhibiting EEG abnormalities and because of  its single-cen-
ter design. Future research should focus on larger, multicentric 
study groups to validate and extend these findings.

CONCLUSION
This study showed that a subset of  children with autism pres-
ent multiple EEG abnormalities and diverse phenotypic traits, 
including variations in personal and family history, dysmorphic 
features, and neurological examination findings. Identifying 
EEG abnormalities can improve clinical decisions with com-
plex treatment and monitoring of  co-occurring conditions like 
epilepsy. Future research should incorporate larger sample siz-
es and include sleep EEG recordings to better identify the EEG 
abnormalities that most accurately predict treatment outcomes. 
The use of  accessible, effective, and noninvasive assessment tools, 
such as EEG recordings and neurological examinations in chil-
dren with autism, can provide valuable support for improved case 
management. 
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