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Abstract
Routine electroencephalograms (EEG) are not recommended as a screen for epileptic discharges (EDs) in current practice 
guidelines for children with autism spectrum disorder (ASD). However, a review of the research from the last three decades 
suggests that this practice should be reevaluated. The significant comorbidity between epilepsy and ASD, its shared biologi-
cal pathways, risk for developmental regression, and cognitive challenges demand increased clinical investigation requiring 
a proactive approach. This review highlights and explains the need for screening EEGs for children with ASD. EEG would 
assist in differentiating EDs from core features of ASD and could be included in a comprehensive assessment. EEG also 
meets the demand for evidence-based precision medicine and focused care for the individual, especially when overlapping 
processes of development are present.

Keywords Autism spectrum disorder (ASD) · Electroencephalography (EEG) · Epilepsy · Epileptic discharges · Screening · 
Evidence-based medicine

Introduction

Autism Spectrum Disorder (ASD) is a persistent and often 
severely impairing lifelong neurodevelopmental disorder as 
first described by Leo Kanner [1]. The prevalence of Autism 
Spectrum Disorder (ASD) 1 in 45 [2], is sufficient to prompt 
the American Academy of Pediatrics (AAP) to recommend 
standardized screening of all children at 18 and 24 months 
[3], particularly given the evidence that early intervention 
in ASD improves the child’s long-term developmental out-
come. An increased incidence of seizures in individuals with 
ASD has been recognized, beginning with Kanner’s publica-
tion of his original case series [1]. The discovery of frequent 
EEG abnormalities in ASD was first reported in 1970 by 
Gubbay et al. [4].

Estimates for the risk of epilepsy in children with ASD 
range from approximately 1 in ten [5] to 1 in three [6, 7], 
yet there are no formal recommendations or clinical prac-
tice guidelines that recommend EEG as a routine screen-
ing tool in this high-risk group. Given the prevalence and 
significance of this comorbidity, it is likely that children 
with ASD may benefit from EEG screening and its incor-
poration into clinical practice guidelines. In the general 
population, the prevalence of epilepsy is less than 1% in 
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adults 18 years and older [8] and less than 0.6% in children 
ages 0–17 [9]. When comparing those with ASD to other 
psychiatric disorders, epilepsy occurs at a significantly ele-
vated rate [10, 11]. Furthermore, cognitive and behavioral 
impairments related to epilepsy, occurring in the context 
of ASD, are greater than with either condition alone [12].

Investigators have suspected that paroxysmal epilep-
tiform discharges (EDs) without overt conventionally 
defined seizures may have neuropsychiatric and neu-
robehavioral consequences [13, 14] which can manifest 
as cognitive, language, or behavioral changes [15–17], 
including elevated levels of irritability and aggression in 
autistic youth with persistent epileptiform activity on EEG 
[18, 19].

Electroencephalogram records electrical activity from 
the underlying cortical surface [20]. The visual inspection 
of the EEG recording performed by an EEG expert (which 
we refer to as standard EEG) remains the only reliable 
method capable of detecting paroxysmal or epileptiform 
activity, particularly when the epileptic discharges are 
either infrequent or low in amplitude.

More than a decade ago, Kagan-Kushnir et al. [21] pro-
posed that EEG should be used as a screening procedure in 
ASD, but concluded that there was insufficient evidence to 
recommend either for or against a clinical guideline. The 
current review intends to revisit the evidence for this con-
clusion. With the well-documented risk of seizures in this 
population, the authors examined currently available evi-
dence for screening EEGs as a standard of care approach 
in children with ASD.

Methods

Articles addressing estimated rates of EDs in patients with 
ASD without a history of seizure were found using various 
search terms in PubMed including: Autism, epileptiform, 
non-epileptic, MEG, EEG and screening. Additional articles 
were found from references within the key articles. Other 
databases including Psych Info and Google Scholars were 
also probed but yielded no further relevant reports. Each 
study using EEG and MEG recordings was analyzed to iden-
tify the prevalence of EDs in the group of participants. After 
applying all exclusion and inclusion criteria, only 25 papers 
met all criteria and were included in the analysis. Healthy 
or neuro-typical control groups were only included in three 
of the analyzed studies, therefore not allowing statistical 
or meta-analysis calculations. All papers not utilizing the 
standard visually inspected EEG methodology to detect EDs 
were excluded.

EEG can be used to examine brain activity during rest or 
during evoked brain responses, using specific tasks known to 
elicit evoked responses, as well as by examining the effects 
of specific task paradigms (e.g., face recognition) on the 
EEG signal. In the current review, we focus on the resting 
or inactivated state, as it is essential to identify abnormali-
ties that exist at baseline [22]. As the major emphasis of 
this review is on screening EEGs, all papers with specific 
clinical situations suggestive that an EEG may be abnor-
mal were excluded under the category of “not focus” (see 
Fig. 1). Papers examining epilepsy (clinically diagnosed) 
in ASD were also excluded (under the comorbid category 
in the PRISMA chart). Other major exclusions included 

Fig. 1  PRISMA diagram flow 
of information through the dif-
ferent phases of the systematic 
review
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evoked potentials, quantitative EEG, and polysomnography 
papers. Papers were also excluded if they only addressed 
ASD patients with epilepsy and had no ASD group without 
a history of seizure. The PRISMA diagram below illustrates 
the search strategy and resultant captured relevant literature.

Results

The summary in Table 1 illustrates available estimated 
rates of EDs in children with ASD without a diagnosis of 
epilepsy. The table indicates each study with the type of 

recording administered and the prevalence of each abnor-
mality, in numerical quantity and percentage. The overall 
literature mean of the prevalence of EDs was 40% while the 
average prevalence of epileptiform abnormalities was 45% 
(range of 3–83%) with the majority above 20%.

Hara [26] concluded in a 10-year retrospective follow-up 
study (n = 130) of children with ASD without a history of 
seizures that childhood EDs predicted subsequent onset of 
epileptic seizures during adolescence. Twenty-five percent 
developed either partial seizures with secondary general-
ized seizures or generalized seizures, with onset of epilepsy 
distributed from 8 to 26 years of age. These data suggest 

Table 1  Summary of electroencephalographic studies demonstrating subclinical and/or epileptiform abnormalities in autism spectrum disorder

Study Type of recording Subclinical abnor-
malities (n)

Prevalence (%) Epileptiform 
abnormalities (n)

Prevalence (%)

Volkmar and Nelson [72] EEG
Awake and sleep

24/135 17.8 54/135 40.0

Tuchman et al. [75] EEG
Variable

11/181 6.1 41/181 22.7

Rossi et al. [74] EEG
Awake and sleep

20/106 18.9 45/106 42.5

Kawasaki et al. [78] EEG
Sleep

45/158 28.5 96/158 60.8

Tuchman and Rapin [57] EEG, variable, Min. 1 h. sleep 43/392 11.0 82/392 20.9
Lewine et al. [42] 1 h EEG 4/33 12.1 13/33 39.3
Lewine et al. [42] 24 h EEG 9/29 31.0 21/29 72.4
Lewine et al. [42] MEG 27/50 54.0 41/50 82.0
Rossi et al. [10] EEG

Awake and sleep
4/60 6.7 23/60 38.3

Hashimoto et al. [46] EEG
Sleep

24/86 27.9 37/86 43.0

Hrdlicka et al. [33] EEG
Awake and sleep

11/77 14.0 24/77 31.0

Canitano et al. [77] EEG
Awake and sleep

10/46 22.0 6/46 13.0

Gabis et al. [31] EEG
Awake and sleep

17/56 30.3 16/56 28.6

Hughes and Melyn [33] EEG
Awake and sleep

44/59 75.0 27/59 46.0

Reinhold et al. [24] EEG
Overnight

85/316 27.0 55/85 65.0

Chez et al. [27] EEG, overnight, Min. 6 h. 112/176 63.6 540/889 60.7
Hara [26] EEG 97/130 74.6 33/100 25.3
Mũnoz-Yunta et al. [35] MEG

EEG*
n/a n/a 30/36

1/36*
83.0
3.0*

Oslejskova et al. [12] EEG 15/71 21.0 28/71 39.0
Ekinci et al. [23] EEG

Awake and sleep
14/57 24.6 8/57 14.2

Hartley- McAndrew and 
Weinstock [17]

EEG
Awake and sleep

5/15 33.3 5/6 83.3

Pameggiani et al. [25] EEG
Awake and sleep

157/345 45.5 86/345 24.9

Kanemura et al. [83] EEG 5/21 23.8 11/21 52.4
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that routine EEGs could provide significant data for those 
diagnosed with ASD, especially for children over 8 years 
old. An overnight EEG study (n = 889) of children without 
a diagnosis of epilepsy but with ASD finds a 60% prevalence 
rate of EDs [27] compared to a 5% prevalence rate of EDs 
in healthy children [28].

Ghacibeh and Fields [29] reviewed the presence of EEG 
abnormalities of individuals with ASD. Identified abnormal-
ities included generalized and focal slowing, epileptiform 
activity and seizures. Epileptiform discharges (including 
generalized, multifocal and focal EDs) are more common 
than non-epileptiform abnormalities [16, 18, 27–32] with 
a variable frequency of discharges [33, 34]. EDs have a 
reported prevalence as high as 61% [27] and 86% [35] in 
ASD studies that have used longer recording times for EEG 
monitoring and magnetoencephalography, respectively [36]. 
There is growing evidence that EDs are not asymptomatic 
as had once been widely accepted [37, 38]. Children with 
ASD and no history of seizures are similar to children with 
epilepsy and ASD in that both have an increased risk for 
developmental regression, abnormal neurological examina-
tion and cerebral lesions [39].

There are few MEG studies investigating the electro-
physiology of children with ASD [40]. Otsubo and Snead 
[41] used MEG to compare the rate of epileptiform activ-
ity between subjects with and without documented seizure 
disorders. Eighty-two percent of children with a history 
of seizures and 54% of patients with no clinical history of 
seizures had epileptiform abnormalities detected by MEG. 
Mũnoz-Yunta et al. [35] used MEG to investigate spontane-
ous neural activity in 36 children with ASD but no seizure 
history and found low amplitude monophasic and biphasic 
spikes in about 86% of subjects. Lewine et al. [42] compared 
1-h EEG, 24-h EEG, and magnetoencephalogram (MEG) 
findings and found an increasing prevalence of abnormalities 
on 24-h EEGs compared with 1-h EEGs, and more abnor-
malities on MEG compared with 24-h EEG.

Detection of epileptiform discharges

During standard EEG, electrical activity is recorded from 
the standard sites on the scalp according to the international 
10–20 system of electrode placement. Typically, 21 or more 
channels are displayed in a montage which forms the basis of 
EEG interpretation. With quantitative EEG (qEEG) technol-
ogy, there is a virtually infinite ability to adjust the montages 
and other technical parameters to optimize interpretation 
and analysis of an individual recording. A standard EEG 
is 30–45 min in length; however, longer EEG monitoring 
increases the yield of the study [43].

Significant advances in computer technology have 
allowed not only for an increase in the number of electrodes 
from the standard 21 to as many as 256 [44], but also an 

ever-increasing level of sophisticated data analysis. Recent 
advances in qEEG signal processing provide the capabilities 
for mapping (demonstrating the topography of any detected 
change), source localization (identifying the deeper cer-
ebral sources of identified abnormalities), and complexity 
analysis (specifying the linearity and non-linearity of the 
recorded signal). These advances are likely to be helpful 
in advancing our understanding of how EDs from various 
sources and of various strength and topographical distribu-
tion correlate with the behavioral aberration identified in 
individual patients.

It is suspected that the location of the EDs may contribute 
to clinical symptomatology. Focal discharges were reported 
in many different regions, with some studies suggesting 
temporal discharges to be more common [45]. Chez et al.’s 
[27] retrospective review of 24-h ambulatory digital EEG 
data collected from 889 patients with ASD with no known 
genetic conditions, brain malformations, prior medications, 
or clinical seizures shows that 60% of subjects had abnormal 
EEG epileptiform activity in sleep, with the most frequent 
sites of epileptiform abnormalities localized over the right 
temporal region.

Hashimoto et al. [46] suggest that the presence of both 
frontal and temporal abnormalities may be important for 
the emergence of ASD symptoms. This suggestion was fur-
ther supported by Yasuhara [47] as reported that EDs were 
recorded from the frontal regions in 65% of all cases of ASD 
whether or not they had symptomatic epilepsy.

Correlates of epileptiform discharges to location 
of foci

Investigators have established that EDs manifest differently 
depending on where they originate in the brain. When EDs 
involve the right cerebral hemisphere, Opp et al. [48] dem-
onstrated that impairments in visual-spatial and visual-motor 
tasks are more common. Bennie et al. [49] discovered that 
EDs in both the left and right hemispheres are associated 
with memory deficits. Sarco et al. [50] found that benign 
rolandic EDs are associated with depression and behavio-
ral issues in children. Galliant and Hagerl [51] reveal that 
EDs in the limbic system are associated with anxiety and 
panic attacks. Episodic behavioral dyscontrol is described by 
Bach-Y-Rita et al. [52] in a majority of individuals with tem-
poral lobe spikes. And finally, frontal lobe EEG abnormali-
ties in a majority of 206 habitual aggressors are reported by 
Williams [53], while Howard [54] identifies a link between 
bilateral paroxysmal EEG features and violent acts commit-
ted against strangers.

Although the presenting symptoms may be specific to 
the location of EDs, it is likely that the paroxysmal nature 
of these events produces an atypical neurological presenta-
tion regardless of the foci of origin. Hughes [55] posits that 
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a single interictal discharge can produce neuronal, vascular, 
and metabolic changes throughout the brain. Although con-
troversial, Trojaborg [56] asserts that there is an increased 
incidence of cognitive, behavioral and/or emotional issues 
associated with paroxysmal activity regardless of the loca-
tion of the foci.

ASD and epilepsy shared etiology

The contribution of epilepsy to ASD in developmental neu-
rosciences has grown as an established area of academic 
and clinical interest [57]. Epilepsy and ASD share several 
biological pathways that appear to be involved in the disease 
processes of both. Shared abnormalities are found in gene 
transcription regulation, cellular growth, synaptic chan-
nel function, and maintenance of synaptic structure [58]. 
Epilepsy and ASD also share common underlying brain 
structure abnormalities identified with functional MRI 
[59]. Specifically, prior to the onset of ASD and present in 
pediatric epilepsy is evidence of abnormal gray and white 
matter volumes. SPECT studies also find that both children 
with ASD as well as those with epilepsy have hyper- and 
hypo-perfusion in localized areas that likely correlates with 
reduced function in the prefrontal lobes, cingulate gyrus, 
superior temporal gyrus, and mesial temporal lobes [60].

The relationship between ASD and epilepsy is complex, 
and the exact origin of this association remains a matter of 
speculation. The literature supports two main hypotheses to 
explain the underlying pathophysiological mechanisms of 
co-occurring ASD and epilepsy [61]. First, both may reflect 
outcomes as a result of common processes, such as dys-
regulation in the balance of excitation and inhibition, due to 
defects in GABAergic fibers or γ-aminobutyric acid (GABA) 
receptor function [62], with several identified genetic syn-
dromes and variants associated with ASD and epilepsy now 
known to cause such dysregulation [63]. Second, primary 
epilepsy may impact synaptic plasticity and cortical connec-
tivity which may predispose the developing brain to cogni-
tive and behavioral impairments manifested in ASD [64, 65].

It is hypothesized that multiple focal hyperexcitability 
loci in the brain function as the precursor for developing 
ASD, whether ASD occurs comorbid with epilepsy or in the 
absence of epilepsy. The dysfunction of specific neuronal 
networks, which accounts for the behavioral syndrome of 
ASD, is due to underlying cerebral neuro-excitability giv-
ing rise to EDs [66]. Accumulating evidence from the EEG 
literature supports the assumption that increased cortical 
excitability contributes to the significant overlap between 
ASD and epilepsy [8].

A single or specific type of epilepsy associated with ASD 
has not been identified. When the epileptic focus is located 
in the temporo-frontal region, autistic regression may 
demonstrate substantial improvement after pharmacologic 

or surgical treatment [67, 68]. A large meta-analysis [5] 
demonstrated a significant increase in the risk of epilepsy 
when ASD was associated with intellectual disability (ID). 
The pooled epilepsy prevalence was 21% in subjects with 
ASD and ID, versus 8% in subjects with ASD and without 
ID. Also, there was an inverse relationship between epi-
lepsy rates and intelligence quotient (IQ). Several epileptic 
encephalopathies, including West Syndrome, were found to 
be associated with ID and ASD features [69].

Kayaalp et al. [70] examined a group of children with 
West Syndrome (infantile spasms with severe EEG abnor-
malities) and compared the rate of autistic features to the 
nature of EEG abnormalities in those with and without ASD. 
Hypsarrhythmic EEG, a very high-voltage, disorganized pat-
tern of EEG abnormality, is a key finding in infantile spasms. 
The number of patients with at least one hypsarrhythmic 
EEG, at age one year or later, was significantly higher in the 
ASD group (86%) than in the non-ASD group (29%). Frontal 
predominance of the primary foci on EEGs was seen in 95% 
of the ASD group, but only 29% of the non-ASD group.

The special case of Acquired Epileptic Aphasia, often 
referred to as Landau–Kleffner syndrome (LKS), must be 
differentiated from ASD with language regression, espe-
cially when it is associated with isolated EEG abnormalities. 
LKS is often classified as part of the syndrome of electrical 
status epilepticus of sleep, also known as continuous spike 
and wave of slow-wave sleep [71].

Children with epilepsy and ASD are more likely to have 
a greater level of impairment in intellectual ability, social 
skills, and hyperactivity compared to children with ASD 
with no diagnosis of epilepsy [12]. Risk factors for seizure 
disorder in ASD include female gender [72], early onset 
ASD [73], family history of epilepsy, severity of cognitive 
impairment [74], motor impairment [75], history of autistic 
regression [76, 77], and age [39, 72, 75]. There appears to 
be 2 peaks of epilepsy onset in ASD: one in early childhood 
and a second in adolescence [39, 78]. Hormonal influences 
on neuronal excitability suggest that puberty may be a trig-
ger for epilepsy [76–81]. Viscidi et al. [82] found in a large 
population study (n = 5815) that the average prevalence of 
epilepsy in ASD is doubled by adolescence.

Epileptogenesis, puberty, and behavior

Epileptogenesis in the developing brain may directly impair 
cognitive and behavioral functioning by way of “transient 
cognitive impairment” mechanisms, as described by Binnie 
et al. [49]. Kanemura et al. [83] found that EEG paroxys-
mal abnormalities in childhood predict onset of epileptic 
seizures in adolescence. Epileptiform discharges may be an 
indication of underlying brain neurophysiological dysfunc-
tion, which may manifest in behavioral aberrations, even if 
not sufficient to result in observable seizures. This could be 
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due to a lack of properly functioning cortico-cortical fibers, 
which restricts the spread of epileptiform activity and pre-
vents its evolution to a clinical seizure.

As puberty approaches, the increase of excitatory hor-
mones becomes the trigger for many to develop seizures in 
adolescence [80, 81]. Gilmore et al. [84] suggested that the 
longer the EDs are present, the greater is the strength of the 
synapse. The longer children have EDs, the more likely they 
will become symptomatic as the ED focus spreads. Eventu-
ally, the encroaching spread manifests as behavioral aberra-
tions. An animal model of isolated epileptiform discharges 
(rats with epileptic discharges in the absence of epilepsy) 
supports this hypothesis, in the demonstration of behavioral 
aberrations associated with EDs [85].

Clinical practice guidelines

The American Academy of Neurology (AAN) and Child 
Neurology Society (CNS) guidelines on screening and 
diagnosis for autism published almost two decades ago 
[86] stated that there was inadequate evidence at the time to 
recommend EEG screening in individuals with ASD. Spe-
cific indications for sleep-deprived EEG included clinical 
seizures (or suspicion of seizures) or history of regression 
(clinically significant loss of social and communicative func-
tion), especially in toddlers and preschool aged children.

The National Institute for Health and Clinical Excellence 
(NICE) Clinical guideline for Autism [87] specifies only 
to “consider…medical investigation (including)…encepha-
lography if there is a suspicion of epilepsy”, and the 2014 
American Academy of Child and Adolescent Psychiatric 
Practice Parameter for Autism Spectrum Disorder [88] 
states “unusual features in the child (e.g., history of regres-
sion, dysmorphology, staring spells, family history) should 
prompt additional evaluations” and that “neurologic con-
sultation, neuroimaging (and/or) EEG…should be obtained 
when relevant, based on examination or history” (p. 244).

Discussion

It should be emphasized that this review is addressing a 
population that has not been examined closely, specifically 
individuals with ASD and no history of seizure. One signifi-
cant shortcoming of available literature is the lack of rigor-
ous exclusion of epilepsy in studies involving children with 
ASD. Additionally, the large range of reported incidence of 
EDs in children with ASD without a history of seizures most 
likely reflects the variance in the populations studied as well 
as techniques used to detect EDs (e.g., duration of recording 
and sleep deprivation).

There are several considerations for future studies. There 
is a need to examine: (1) the neural pathway changes caused 

by EDs over time and their link to behavioral manifesta-
tions, (2) the relationship between risk factors and presence 
or absence of EDs in developing seizures and emotional or 
behavioral issues, and (3) the neurological, psychological 
and developmental differences of children with ASD who 
are epileptic versus those with only EDs.

Interictal EDs underlie epileptogenesis. Treating and pre-
venting epileptogenesis may help to both avert seizures and 
prevent further cognitive impairment in children. A retro-
spective study involving 76 treatment refractory psychiatric 
patients (ages 5–52) with EDs and no history of seizures 
who were treated with anticonvulsants (most commonly 
lamotrigine and oxcarbazepine) was recently published [89], 
documenting 85% with significant clinical improvement in 
follow-up progress notes. Furthermore, Braun [90] suggests 
that early etiological diagnosis and strict control of EDs with 
anticonvulsants can prevent worsening of cognitive function.

In the last 10 years, we have treated hundreds of children, 
adolescents, and adults with ASD, but no history of seizures, 
with anticonvulsants and none to date have developed sei-
zures. This is noteworthy because Hara [26] found that 25% 
of children with ASD who have epileptiform abnormalities 
go on to develop epilepsy. In addition, prescribing anticon-
vulsants for patients with EDs and no history of seizure has 
helped us to develop stratification biomarkers for the use of 
specific antiepileptic drugs as well as predicting cognitive 
outcomes in these patients. However, since anticonvulsant 
drugs were developed for the treatment of seizures and not 
EDs more research in this area is needed, particularly regard-
ing risks versus benefits.

Retrospective clinical studies are subject to bias. How-
ever, to obtain an accurate assessment of the prevalence of 
epilepsy in ASD, and to determine the outcome of EDs in 
children with ASD without a history of seizures, we pro-
pose that data could be obtained from a prospective study 
in which EEGs are collected at the time that ASD is diag-
nosed. Long-term outcome studies could then be used to 
determine the predictive value of an abnormal EEG in the 
development of later epilepsy [91]. Regarding the use of 
antiepileptic drugs in children with ASD, Hirota [92] found 
that anticonvulsants were not superior to placebo in a ran-
domized control trial (RTC). However, there have been no 
RCTs assessing the use of anticonvulsant drugs in children 
with ASD and EDs without a history of seizures. We are 
now collecting these data for a future pilot study.

For individuals with ASD who are receiving treatment for 
behavioral concerns, there is a high prevalence of psycho-
tropic prescribing, most frequently including antipsychot-
ics, stimulants and antidepressant drugs [93]. These medi-
cations, particularly the antipsychotics, tend to lower the 
seizure threshold, which creates the potential in turn to exac-
erbate psychiatric, cognitive, and behavioral issues. The evi-
dence provided in this review suggests that EEG screening 
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is necessary for the selection of psychotropic medication for 
children with ASD.

Conclusion

EEG primarily measures neurophysiological changes related 
to postsynaptic activity in the neocortex [94] and has proven 
to be a powerful tool for studying healthy individuals as well 
as those with complex neurodevelopmental disorders. Stand-
ard EEG has been the primary measure used to capture and 
characterize epileptiform and abnormal paroxysmal activity 
through the detection of focal spikes (i.e., EDs), which occur 
with increased frequency in ASD [57, 95]. Technological 
advancements are allowing for increased levels of detection, 
as well as improved source localization of EDs.

The identification of EDs in children with ASD is vital. 
The literature suggests that using more prolonged EEG 
monitoring yields higher rates of EDs. However, these pro-
cedures are not well tolerated by hypersensitive children 
with ASD and, they cause considerable hardship for parents, 
making compliance a prohibitive issue. We find that routine 
EEG screening is much less invasive, less expensive, and 
generally well tolerated by children with ASD.

Given the significant incidence of epileptic seizures in 
individuals with ASD, clinicians should be alert for even 
subtle indications of epilepsy, and should routinely con-
sider this possible comorbidity in the clinical assessment 
and bio-psycho-social evaluation of children with ASD. 
Making a diagnosis of seizures in ASD is particularly chal-
lenging because the behavioral features of complex partial 
or absence seizures including staring spells, non-respon-
siveness, and repetitive motor behaviors can all be mani-
festations of the ASD itself. In many circumstances, there 
is a complete lack of observable signs or symptoms to help 
predict which children with ASD will develop seizures.

In the past decade, there have been three primary and 
well-documented findings which provide evidence of the 
need for screening EEGs in children with ASD. First, that 
ASD and epilepsy are more connected than previously 
believed. Second, that EDs are highly prevalent in children 
with ASD and that these discharges are more common in 
patients with significant comorbid psychopathology. And 
third, those children with ASD and demonstrated evidence 
of EDs have an increased likelihood of developing epilepsy 
in adolescence.

Acknowledgements We would like to thank Jay Gunkelman for his 
guidance and mentorship throughout this study. Additionally, we are 
grateful to Judy Crawford for proofreading our manuscript.

Authors’ contributions AG developed the original draft and started 
constructing the table. RS, EM, AR, GK further developed the study 
with AR completing the table. RS, EM, AR, and GK expanded the 

scope of the study and developed the conclusions. RS, AG, EM, AR, 
and GK as a group approved the final manuscript.

Funding The authors received no financial support for the research, 
authorship, and/or publication of this article.

Compliance with ethical standards 

Conflict of interest The authors declare no conflicts of interest with 
respect to the research, authorship, and/or publication of this article.

Availability of data and material Data sharing not applicable to this 
article as no datasets were generated or analyzed during the current 
study.

References

 1. Kanner L (1943) Autistic disturbances of affective contact. Nerv 
Child 2:217–250

 2. Zablotsky B, Black LI, Maenner MJ, Schieve LA, Blumberg SJ 
(2015) Estimated prevalence of autism and other developmental 
disabilities following questionnaire changes in the 2014 National 
Health Interview Survey. Natl Health Stat Rep 87:1–21

 3. Dreyer B (2016) AAP statement on U.S. preventive services task 
force final recommendation statement on autism screening. https 
://www.aap.org/en-us/about -the-aap/aap-press -room/pages /AAP-
State ment-on-US-Preve ntive -Servi ces-Task-Force -Final -Recom 
menda tion-State ment-on-Autis m-Scree ning.aspx. Accessed 22 
Mar 2017

 4. Gubbay SS, Lobascher M, Kingerlee P (1970) A neurologic 
appraisal of autistic children: results of a western Australian sur-
vey. Dev Med Child Neurol 12:422–429

 5. Amiet C, Gourfinkel-An I, Bouzamondo A, Tordjman S, Baulac 
M, Lechat P, Mottron L, Cohen D (2008) Epilepsy in Autism is 
associated with intellectual disability and gender: evidence from 
a meta-analysis. Biol Psychiat 64(7):577–582

 6. Canitano R (2007) Epilepsy in autism spectrum disorders. Eur 
Child Adolesc Psychiatry 16:61–66

 7. Spence SJ, Schneider MT (2009) The role of epilepsy and epi-
leptiform EEGs in autism spectrum disorders. Pediatr Res 
65(6):599–606

 8. Kobau R, Luo Y, Zack M, Helmers S, Thurman D (2012) Epilepsy 
in adults and access to care—United States, 2012. MMWR Morb 
Mortal Wkly Rep 61(45):909–913

 9. Russ S, Larson K, Halfon N (2012) A national profile of childhood 
epilepsy and seizure disorder. Pediatrics 129(2):256–264

 10. Rossi PG, Posar A, Parmeggiani A (2000) Epilepsy in adolescents 
and young adults with autistic disorder. Brain Dev 22(2):102–106

 11. Valvo G, Baldini S, Brachini F, Apicella F, Cosenza A, Ferrari 
AR, Guerrini R, Muratori F, Romano MF, Santorelli FM, Tancredi 
R, Sicca F (2013) Somatic overgrowth predisposes to seizures in 
autism spectrum disorders. PLoS One 8(9):e75015

 12. Oslejskova H, Dusek L, Makovska Z, Pejcochova J, Autrata R, 
Slapak I (2008) Complicated relationship between autism with 
regression and epilepsy. Neuro Endocrinol Lett 29(4):558–570

 13. Shelley BP, Trimble MR, Boutros NN (2008) Electroencephalo-
graphic cerebral dysrhythmic abnormalities in the trinity of none-
pileptic general population, neuropsychiatric, and neurobehavioral 
disorders. J Neuropsychiatry Clin Neurosci 20(1):7–22

 14. Zimmerman EM, Konopka LM (2014) Preliminary findings of 
single- and multifocused epileptiform discharges in nonepileptic 
psychiatric patients. Clin EEG Neurosci 45(4):285–292

Author's personal copy

https://www.aap.org/en-us/about-the-aap/aap-press-room/pages/AAP-Statement-on-US-Preventive-Services-Task-Force-Final-Recommendation-Statement-on-Autism-Screening.aspx
https://www.aap.org/en-us/about-the-aap/aap-press-room/pages/AAP-Statement-on-US-Preventive-Services-Task-Force-Final-Recommendation-Statement-on-Autism-Screening.aspx
https://www.aap.org/en-us/about-the-aap/aap-press-room/pages/AAP-Statement-on-US-Preventive-Services-Task-Force-Final-Recommendation-Statement-on-Autism-Screening.aspx
https://www.aap.org/en-us/about-the-aap/aap-press-room/pages/AAP-Statement-on-US-Preventive-Services-Task-Force-Final-Recommendation-Statement-on-Autism-Screening.aspx


 European Child & Adolescent Psychiatry

1 3

 15. Deonna T (1995) Cognitive and behavioral disturbances as epilep-
tic manifestations in children: an overview. Semin Pediatr Neurol 
2(4):254–260

 16. Kim HL, Donnelly JH, Tournay AE, Book TM, Filipek P (2006) 
Absence of seizures despite high prevalence of epileptiform EEG 
abnormalities in children with autism monitored in a tertiary care 
center. Epilepsia 47(2):394–398

 17. Hartley-McAndrew M, Weinstock A (2010) Autism spectrum dis-
order: correlation between aberrant behaviors, EEG abnormalities 
and seizures. Neurol Int 2(1):1–10

 18. Mulligan CK, Trauner DA (2014) Incidence and behavioral cor-
relates of epileptiform abnormalities in autism spectrum disorders. 
J Autism Dev Disord 44(2):452–458

 19. Trauner DA (2015) Behavioral correlates of epileptiform abnor-
malities in autism. Epilepsy Behav 47:163–166

 20. Coben R (2009) The importance of electroencephalogram assess-
ment for autistic disorders. Biofeedback 37:71–80

 21. Kagan-Kushnir T, Roberts SW, Snead OC 3rd (2005) Screening 
electroencephalograms in autism spectrum disorders: evidence-
based guideline. J Child Neurol 20(3):197–206

 22. Wang J, Barstein J, Ethridge LE, Mosconi MW, Takarae Y, 
Sweeney JA (2013) Resting state EEG abnormalities in autism 
spectrum disorders. J Neurodev Disord 5(1):24

 23. Eking O, Arman AR, Isik U, Bez Y, Bertem M (2010) EEG abnor-
malities and epilepsy in autistic spectrum disorders: Clinical and 
familial correlates. Epilepsy Behav 17:178–182

 24. Reinhold JA, Molloy C A, Manning-Courtney P (2005) Electro-
encephalogram abnormalities in children with autism spectrum 
disorders. J Neurosci Nurs 37(3):136–138

 25. Parmeggiani A, Barcia G, Posar A, Raimondi E, Santucci M, 
Scaduto MC (2010) Epilepsy and EEG paroxysmal abnormali-
ties in autism spectrum disorders. Brain Dev 32(9):783–789

 26. Hara H (2007) Autism and epilepsy: a retrospective follow-up 
study. Brain Dev 29(8):486–490

 27. Chez MG, Chang M, Krasne V, Coughlan C, Kominsky M, 
Schwartz A (2006) Frequency of epileptiform EEG abnormali-
ties in a sequential screening of autistic patients with no known 
clinical epilepsy from 1996 to 2005. Epilepsy Behav 8:267–271

 28. So EL (2010) Interictal epileptiform discharges in persons without 
a history of seizures: what do they mean? J Clin Neurophysiol 
27:229–238

 29. Ghacibeh GA, Fields C (2015) Review: interictal epileptiform 
activity and autism. Epilepsy Behav 47:158–162

 30. Akshoomoff N, Farid N, Courchesne E, Haas R (2007) Abnormal-
ities on the neurological examination and EEG in young children 
with pervasive developmental disorders. J Autism Dev Disord 
37(5):887–893

 31. Gabis L, Pomeroy J, Andriola MR (2005) Autism and epilepsy: 
cause, consequence, comorbidity, or coincidence? Epilepsy Behav 
7(4):652–656

 32. Hrdlicka M, Komarek V, Propper L, Kulisek R, Zumrova A, Fala-
dova L, Havlovicova M, Sedlacek Z, Blatny M, Urbanek T (2004) 
Not EEG abnormalities but epilepsy is associated with autistic 
regression and mental functioning in childhood autism. Eur Child 
Adolesc Psychiatry 13(4):209–213

 33. Hughes JR, Melyn M (2005) EEG and seizures in autistic children 
and adolescents: further findings with therapeutic implications. 
Clin EEG Neurosci 36(1):15–20

 34. Giannotti F, Cortesi F, Cerquiglini A, Miraglia D, Vagnoni C, 
Sebastiani T, Bernabei P (2008) An investigation of sleep char-
acteristics, EEG abnormalities and epilepsy in developmentally 
regressed and non-regressed children with autism. J Autism Dev 
Disord 38(10):1888–1897

 35. Mũnoz-Yunta JA, Ortiz T, Palau-Baduell M, Martín-Muñoz 
L, Salvadó-Salvadó B, Valls-Santasusana A, Perich-Alsina 
J, Cristóbal I, Fernández A, Maestú F, Dürsteler C (2008) 

Magnetoencephalographic pattern of epileptiform activity in 
children with early-onset autism spectrum disorders. Clin Neu-
rophysiol 119(3):626–634

 36. Frye RE, Rossignol DA (2016) Identification and treatment of 
pathophysiological comorbidities of autism spectrum disorder to 
achieve optimal outcomes. Clin Med Insights Pediatr 10:43–56

 37. Boutros NN, Bowyer S, Wang J, Urfy MZ, Loeb JA (2015) Epi-
lepsy spectrum disorders: a concept in need of validation or refu-
tation. Med Hypotheses 85(5):656–663

 38. Boutros NN, Lajiness-O’Neill R, Zillgitt A, Richard AE, Bowyer 
SM (2015) EEG changes associated with autistic spectrum disor-
ders: a review. Neuropsychiatr Electrophysiol 1(3):1–20

 39. Parmeggiani A, Barcia G, Posar A, Raimondi E, Santucci M, 
Scaduto MC (2010) Epilepsy and EEG paroxysmal abnormali-
ties in autism spectrum disorders. Brain Dev 32(9):783–789

 40. Lajiness-O’Neill RR, Bowyer SM, Moran JE, Zillgitt A, Richard 
AE, Boutros NN (2014) Neurophysiological findings from magne-
toencephalography in autism spectrum disorder: a comprehensive 
review. Future Neurol 9(3):355–384

 41. Otsubo H, Snead OC 3rd (2001) Magnetoencephalography and 
magnetic source imaging in children: a review. J Child Neurol 
16(4):227–235

 42. Lewine JD, Andrews R, Chez M, Patil AA, Devinsky O, Smith M, 
Kanner A, Davis JT, Funke M, Jones G, Chong B, Provencal S, 
Weisend M, Lee RR, Orrison WW Jr (1999) Magnetoencephalo-
graphic patterns of epileptiform activity in children with regres-
sive autism spectrum disorders. Pediatrics 104(3 Pt 1):405–418

 43. Burkholder DB, Britton JW, Rajasekaran V, Fabris RR, Cherian 
PJ, Kelly-Williams KM, So EL, Nickels KC, Wong-Kisiel LC, 
Lagerlund TD, Cascino GD, Worrell GA, Wirrell EC (2016) Rou-
tine vs extended outpatient EEG for the detection of interictal 
epileptiform discharges. Neurology 86(16):1524–1530

 44. Lantz G, Grave de Peralta R, Spinelli L, Seeck M, Michel CM 
(2003) Epileptic source localization with high density EEG: how 
many electrodes are needed? Clin Neurophysiol 114(1):63–69

 45. Baird G, Robinson RO, Boyd S, Charman T (2006) Sleep electro-
encephalograms in young children with autism with and without 
regression. Dev Med Child Neurol 48(7):604–608

 46. Hashimoto T, Sasaki M, Sugai K, Hanaoka S, Fukumizu M, Kato 
T (2001) Paroxysmal discharges on EEG in young autistic patients 
are frequent in frontal regions. J Med Invest 48(3–4):175–180

 47. Yasuhara A (2010) Correlation between EEG abnormalities 
and symptoms of autism spectrum disorder (ASD). Brain Dev 
32(10):791–798

 48. Opp J, Wenzel D, Brandl U (1992) Visuo-motor coordination dur-
ing focal and generalized EEG discharges. Epilepsia 33:836–840

 49. Binnie CD, Kasteleijn-Nolst Trenite DG, Smit AM, Wilkins AJ 
(1987) Interactions of epileptiform EEG discharges and cognition. 
Epilepsy Res 1:239–245

 50. Sarco DP, Boyer K, Lundy-Krigbaum SM, Takeoka M, Jensen 
F, Gregas M, Waber DP (2011) Benign rolandic epileptiform 
discharges are associated with mood and behavioral problems. 
Epilepsy Behav 22(2):298–303

 51. Galliant J, Hagerl U (1999) Limbic ictus as a condition for anxiety 
attacks. Der Nervenartzt 70:206–215

 52. Bach-Y-Rita G, Lion JR, Climent CE, Ervin FR (2006) Epi-
sodic dyscontrol: a study 130 violent patients. Am J Psychiatry 
127(11):1473–1478

 53. Williams D (1969) Neural factors related to habitual aggression. 
Considerations of differences between those habitual aggres-
sives and others who have committed crimes or violence. Brain 
92:503–520

 54. Howard RC (1984) The clinical EEG and personality in mentally 
abnormal offenders. Psychol Med 14:569–580

 55. Hughes JR (1989) The significance of the interictalo spike dis-
charge: a review. J Clin Neurophysiol 6(3):207–226

Author's personal copy



European Child & Adolescent Psychiatry 

1 3

 56. Trojaborg W (1966) Focal spike discharges in children, a lon-
gitudinal study. Acta Paediatr Scand (Supp) 55:1–13

 57. Tuchman RF, Rapin I (1997) Regression in pervasive develop-
mental disorders: seizures and epileptiform electroencephalo-
gram correlates. Pediatrics 99:560–566

 58. Lee BH, Smith T, Paciorkowski AR (2015) Autism spectrum 
disorder and epilepsy: disorders with a shared biology. Epilepsy 
Behav 47:191–201

 59. Blackmon K (2015) Structural MRI biomarkers of shared patho-
genesis in autism spectrum disorder and epilepsy. Epilepsy 
Behav 47:172–182

 60. Sasaki M (2015) SPECT findings in autism spectrum disorders 
and medically refractory seizures. Epilepsy Behav 47:167–171

 61. Jeste SS, Tuchman R (2015) Autism spectrum disorder 
and epilepsy: two sides of the same coin? J Child Neurol 
30(14):1963–1971

 62. Casanova MF, Buxhovenden D, Gomez J (2003) Disruption in 
the inhibitory architecture of the cell minicolumn: implications 
for autism. Neuroscientist 9(6):496–507

 63. Jeste SS, Wu JY, Senturk D, Varcin K, Ko J, McCarthy B, 
Shimizu C, Dies K, Vogel-Farley V, Sahin M, Nelson CA 3rd 
(2014) Early developmental trajectories associated with ASD in 
infants with tuberous sclerosis complex. Neurology 83:160–168

 64. Brooks-Kayal A (2010) Epilepsy and autism spectrum disor-
ders: are there common developmental mechanisms? BrainDev 
32:731–738

 65. Brooks-Kayal AR, Bath KG, Berg AT, Galanopoulou AS, Hol-
mes GL, Jensen FE, Kanner AM, O’Brien TJ, Whittemore VH, 
Winawer MR, Patel M, Scharfman HE (2013) Issues related to 
symptomatic and disease-modifying treatments affecting cogni-
tive and neuropsychiatric comorbidities of epilepsy. Epilepsia 
54(suppl4):44–60

 66. Tuchman RF (1994) Epilepsy, language, and behavior: clinical 
models in childhood. J Child Neurol 9(1):95–102

 67. Neville BG, Harkness WF, Cross JH, Cass HC, Burch VC, 
Lees JA, Taylor DC (1997) Surgical treatment of severe autistic 
regression in childhood epilepsy. Pediatr Neurol 16:137–140

 68. Nass R, Gross A, Wisdoff J, Devinski O (1999) Outcome of 
multiple subpial transections for autistic epileptiform regres-
sion. Pediatr Neurol 21:464–470

 69. Saemundsen E, Ludvigsson P, Hilmarsdottir I, Rafnsson V 
(2007) Autism spectrum disorders in children with seizures 
in the first year of life: a population-based study. Epilepsia 
48(9):1724–1730

 70. Kayaalp L, Dervent A, Satik S, Uluduz D, Kayaalp IV, Demir-
bilek V, Ghaziuddin M (2007) EEG abnormalities in West 
syndrome: correlation with the emergence of autistic features. 
Brain Dev 29(6):336–345

 71. Rossi PG, Parmeggaini A, Posar A et al (1999) Landau-Kleffner 
syndrome (LKS): long-term follow-up and links with electrical 
status epilepticus during sleep (ESES). Brain Dev 21(2):90–99

 72. Volkmar FR, Nelson DS (1990) Seizure disorders in autism. J 
Am Acad Child Adolesc Psychiatry 29(1):127–129

 73. Cuccaro ML, Tuchman RF, Hamilton KL, Wright HH, Abram-
son RK, Haines JL, Gilbert JR, Pericak-Vance M (2012) Explor-
ing the relationship between autism spectrum disorder and epi-
lepsy using latent class cluster analysis. J Autism Dev Disord 
42:1630–1641

 74. Rossi PG, Parmeggiani A, Bach V, Santucci M, Visconti P (1995) 
EEG features and epilepsy in patients with autism. Brain Develop 
17(3):169–174

 75. Tuchman RF, Rapin I, Shinnar S (1991) Autistic and dysphasic 
children: clinical characteristics. Pediatrics 88(6):1211–1218

 76. Mouridsen SE, Rich B, Isager T (1999) Epilepsy in disintegrative 
psychosis and infantile autism: a long-term validation study. Dev 
Med Child Neurol 41(2):110–114

 77. Canitano R, Luchetti A, Zappella M (2005) Epilepsy, electroen-
cephalographic abnormalities, and regression in children with 
autism. J Child Neurol 20(1):27–31

 78. Kawasaki Y, Yokota K, Shinomiya M, Shimizu Y, Niwa S 
(1997) Brief report: electroencephalographic paroxysmal activi-
ties in the frontal area emerged in middle childhood and dur-
ing adolescence in a follow-up study of autism. J Autism Dev 
Disord 27(5):605–620

 79. Svalheim S, Taubøll E, Bjørnenak T, Røste L, Mørland T, Sætre 
E, Gjerstad L (2006) Onset of epilepsy and menarche—Is there 
any relationship? Seizure 15(8):571–575

 80. Klein P, van Passel-Clark LM, Pezzullo JC (2003) Onset of 
epilepsy at the time of menarche. Neurology 60(3):495–497

 81. Morrell MJ, Hamdy SF, Seale CG, Springer EA (1998) Self-
reported reproductive history in women with epilepsy: puberty 
onset and effects of menarche and menstrual cycle on seizures. 
Neurology 50(Suppl4):A448

 82. Viscidi EW, Triche EW, Pescosolido MF, McLean RL, Joseph 
RM, Spence SJ, Morrow EM (2013) Clinical characteristics of 
children with autism spectrum disorder and co-occurring epi-
lepsy. PLoS One 8(7):1–11

 83. Kanemura H, Sano F, Tando T, Sugita K, Aihara M (2013) Can 
EEG characteristics predict development of epilepsy in autistic 
children? Eur J Paediatr Neurol 17(3):232–237

 84. Gilmore R, Morris H 3rd, Van Ness PC, Gilmorn-Pollak W, 
Estes M (1994) Mirror focus of seizure frequency and influence 
on outcome after surgery. Epilepsia 35(2):258–263

 85. Barkmeier DT, Senador D, Leclercq K, Pai D, Hua J, Boutros 
NN, Kaminski RM, Loeb JA (2012) Electrical, molecular and 
behavioral effects of interictal spiking in the rat. Neurobiol Dis 
47(1):92–101

 86. Filipek PA, Accardo PJ, Ashwal S, Baranek GT, Cook EH Jr, 
Dawson G, Gordon B, Gravel JS, Johnson CP, Kallen RJ, Levy 
SE, Minshew NJ, Ozonoff S, Prizant BM, Rapin I, Rogers SJ, 
Stone WL, Teplin SW, Tuchman RF, Volkmar FR (2000) Prac-
tice parameter: screening and diagnosis of autism. Neurology 
55:468–479

 87. National Institute for Health and Clinical Excellence (NICE). 
Autism. Recognition, referral and diagnosis of children and 
young people on the autism spectrum. London (UK): National 
Institute for Health and Clinical Excellence (NICE); 2011 Sep. 
51 p. (Clinical guideline; no. 128). https ://www.nice.org.uk/
guida nce/cg128 /resou rces/autis m-spect rum-disor der-in-under 
-19s-recog nitio n-refer ral-and-diagn osis-pdf-35109 45662 1253. 
Accessed 14 Apr 2017

 88. Volkmar F, Siegel M, Woodbury-Smith M, King B, McCracken 
J, State M, American Academy of Child and Adolescent Psychi-
atry Committee on Quality Issues (2014) Practice parameter for 
the assessment and treatment of children and adolescents with 
autism spectrum disorder. J Am Acad Child Adolesc Psychiatry 
53(2):237–257

 89. Swatzyna RJ, Tarnow JD, Proler ML, Roark AJ, MacInerney 
EK, Kozlowski GP (2017) Retrospective Analysis of Nonepi-
leptic Patients with Isolated Epileptiform Discharges Treated 
with Anticonvulsants. Clin EEG Neurosci 48(5):322–326. https 
://doi.org/10.1177/15500 59417 69589 6

 90. Braun KP (2017) Preventing cognitive impairment in children 
with epilepsy. Curr Opin Neurol 30(2):140–147

 91. El Achkar CM, Spence SJ (2015) Clinical characteristics of 
children and young adults with co-occurring autism spectrum 
disorder and epilepsy. Epilepsy Behav 47:183–190

 92. Hirota T, Veenstra-Vanderweele J, Hollander E, Kishi T 
(2014) Antiepileptic medications in autism spectrum disorder: 
a systematic review and meta-analysis. J Autism Dev Disord 
44(4):948–957. https ://doi.org/10.1007/s1080 3-013-1952-2

Author's personal copy

https://www.nice.org.uk/guidance/cg128/resources/autism-spectrum-disorder-in-under-19s-recognition-referral-and-diagnosis-pdf-35109456621253
https://www.nice.org.uk/guidance/cg128/resources/autism-spectrum-disorder-in-under-19s-recognition-referral-and-diagnosis-pdf-35109456621253
https://www.nice.org.uk/guidance/cg128/resources/autism-spectrum-disorder-in-under-19s-recognition-referral-and-diagnosis-pdf-35109456621253
https://doi.org/10.1177/1550059417695896
https://doi.org/10.1177/1550059417695896
https://doi.org/10.1007/s10803-013-1952-2


 European Child & Adolescent Psychiatry

1 3

 93. Jobski K, Höfer J, Hoffmann F, Bachmann C (2016) Use of psy-
chotropic drugs in patients with autism spectrum disorders: a sys-
tematic review. Acta Psychiatr Scand 135(1):8–28

 94. Regan D (1989) Human Brain Electrophysiology: Evoked Poten-
tials and Evoked Magnetic Fields in Science and Medicine. 
McGraw-Hill, New York

 95. Swatzyna RJ, Tarnow JD, Turner RP, Roark AJ, MacInerney 
EK, Kozlowski GP (2016) Integration of EEG into psychiatric 
practice: a step toward precision medicine for autism spectrum 
disorder. J Clin Neurophysiol 34(3):230–233

Author's personal copy


	Electroencephalogram (EEG) for children with autism spectrum disorder: evidential considerations for routine screening
	Abstract
	Introduction
	Methods
	Results
	Detection of epileptiform discharges
	Correlates of epileptiform discharges to location of foci
	ASD and epilepsy shared etiology
	Epileptogenesis, puberty, and behavior
	Clinical practice guidelines

	Discussion
	Conclusion
	Acknowledgements 
	References




