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Abstract  The lack of well-controlled studies on treatment efficacy, along with the 
immense costs of education and care for patients with autism spectrum disorder 
(ASD) makes ASD a public health problem. Likewise, the enormous heterogene-
ity of the clinical and behavioral symptoms has made it rather difficult to delineate 
the neural circuitry affiliated with this condition. The objective of this review is 
to provide a summary of recent data on the clinical neurophysiology in patients 
with ASD. Electroencephalographic (EEG) findings with emphasis on quantitative 
EEG (power EEG, coherence EEG) are summarized since EEG studies provide 
evidence of brain functional aspects in this disorder. Besides addressing current 
knowledge of the relationship among EEG abnormalities, epilepsy, and regression 
in ASD, this chapter further highlights the most recent literature on sleep disorders 
and polysomnography (PSG) findings in this pathology. Lastly, we discuss limita-
tions in available research that may contribute to understand the inconsistencies in 
the literature, and offer suggestions for future research in this area for advancing the 
understanding of ASD.
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NF	 Neurofeedback
PSG	 Polysomnography
QEEG	 Quantitative electroencephalography

4.1 � Introduction

Autism spectrum disorder (ASD) is a new Diagnostic and Statistical Manual of 
Mental Disorders, Fifth Edition (DSM-5) disorder encompassing the previous Di-
agnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSMIV) 
autistic disorder (autism), Asperger’s disorder, childhood disintegrative disorder, 
Rett’s disorder, and pervasive developmental disorder not otherwise specified. It is 
characterized by deficits in two core domains: deficits in social communication and 
social interaction and restricted repetitive patterns of behavior, interests, and activi-
ties (Volkmar and McPartland 2014; Kelly 2014). This pathology is a behaviorally 
defined syndrome of early life, with varied symptoms reflecting many biological 
and environmental influences that are unique to each individual’s brain and that 
shape its unique developmental trajectory (Jeste 2011; Toth and Stobbe 2011).

ASD has been associated with disturbance in cerebral organization and function 
(Palau-Baduell et  al. 2013). The goal of neurologic, genetic, electrophysiologic, 
imaging, and other biologic tests performed in this disease is not only to diagnose 
autism but to attempt to define some of its many potential etiologies and understand 
their pathogenic effects on the brain (Silver and Rapin 2012).

The objective of this review is to present research data on the electroencephalog-
raphy (EEG) findings, with emphasis on quantitative EEG (power EEG, coherence 
EEG), epileptiform EEG abnormalities and sleep disorders in patients with ASD. 
Besides addressing current knowledge of the relationship among EEG abnormali-
ties, epilepsy, and regression in ASD this chapter further highlights the most recent 
literature on sleep disorders and PSG findings in this pathology.

4.2 � Electroencephalography (EEG) and Autism Spectrum 
Disorder (ASD)

ASD involving multiple neural system dysfunctions and EEG studies provide evi-
dence of brain functional aspects in this disorder (Palau-Baduell et al. 2011; Palau-
Baduell et al. 2013).

The first EEG study in autism reported EEG abnormalities in 58 % of the autistic 
children studied (White et al. 1964); later research focused on epileptiform activ-
ity. However, other EEG findings have been reported such as: suppression of mu 
waves, reduced alpha power, photic driving on the right, and low levels of coher-
ence and synchronization. Some of these EEG results are discussed below.
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Mu rhythm at 7–12 Hz can be recorded from the central scalp areas and is reac-
tive in the normal population (mu suppression) by movements or thoughts of move-
ment and also when the subject is observing others’ movements. The latter refers 
to the mirror neurons system (MNS) and is normally active when observing others, 
proposed as deficient in autism (Hughes 2010). Mirror neurons active during both 
observation and execution of actions, are thought to play a crucial role in imitation 
and other social-communicative skills that are often impaired in ASD (Oberman 
et al. 2008; Martineau et al. 2008; Hamilton 2013). Subjects with ASD show sig-
nificant mu suppression to self-movements but they fail to react to the movements 
performed by others. These findings support the hypothesis of a dysfunctional MNS 
in individuals with ASD (Palau-Baduell et al. 2011; Southgate and Hamilton 2008; 
Leighton et al. 2008)

Oberman et al. (2008) reported that the MNS responded in individuals with au-
tism, but only when observing a familiar face (Oberman et al. 2008). The same year, 
another author indicated that females showed stronger mu suppression than males, 
supporting the theory that autism represents an “extreme male brain” (Cheng et al. 
2008).

A significant correlation between age and mu suppression in response only to 
the observation of actions (not during execution), for individuals with ASD and 
typical individuals was reported by Oberman et  al. (2013). This result provides 
evidence against the argument that mirror neuron dysfunction improves with age 
in individuals with ASD, and suggests that a diagnosis-independent developmental 
change may be at the root of the correlation of age and mu suppression (Oberman 
et al. 2013).

To examine the integrity of the mirror system in autism Hamilton et al. (2013) 
systematically reviewed 25 suitable papers using neuroscience methods. They 
showed that the only well localized measure of mirror system function was func-
tional magnetic resonance imaging (fMRI; Hamilton 2013).

The study of Ruysschaert et al. (2014) challenged the “broken mirror” hypoth-
esis of ASD, suggesting that impaired neural mirroring is not a distinctive feature of 
ASD (Ruysschaert et al. 2014). Mu suppression was investigated in children with 
ASD during the observation of goal-directed actions and nongoal-directed mim-
icked hand movements, as well as during action execution. No significant correla-
tions between mu suppression, quality of imitation, age, and social communication 
questionnaire scores were found by these authors. Overall, there is little evidence 
for a global dysfunction of the mirror system in autism.

Other available theories of the pathophysiology of ASD have focused on abnor-
mal temporal coordination of neural activity in cortical circuits as a core impair-
ment of the disorder. Synchronous neural oscillatory activity in the gamma range 
(30–80 Hz) has been shown to be abnormal in individuals with ASD and their first-
degree relatives in response to simple auditory and language stimuli (McFadden 
et al. 2012; Milne et al. 2009). Magnetoencephalography (MEG) data also provides 
evidence that gamma-band activity may be involved in abnormal brain functioning 
in ASD. Limin Sun’s findings highlighted the contribution of impaired gamma-



68 L. M. Morales Chacón and M. M. Báez Martin

band activity toward complex visual processing, suggesting atypical modulation of 
high-frequency power in fronto-posterior networks (Sun et al. 2012).

Lastly, an emerging focus of research on autism targets the identification of 
early-developing ASD endophenotypes using infant siblings of the affected chil-
dren. Gabard-Durnam et  al. (2013) demonstrated that low- and high-risk infants 
show different patterns of alpha asymmetry at 6 months of age and opposite growth 
trajectories in asymmetry over the following 12 months. These results support the 
candidacy of alpha asymmetry as an early neural ASD endophenotype (Gabard-
Durnam et al. 2013; Carson et al. 2014).

4.2.1 � Quantitative EEG

Analysis of resting state brain activity, using electrophysiological measures like 
complexity as well as functional connectivity, is of growing interest in the study 
of ASD, in this respect quantitative electroencephalography (QEEG) may help in 
detecting the regions of altered brain function and connectivity abnormalities (Bil-
leci et al. 2013).

Children with ASD exhibit regionally specific elevations in delta, theta, alpha, 
and high-frequency (20–120 Hz) power, supporting an imbalance of neural excita-
tion/inhibition as a neurobiological feature of this disorder. Moreover, increased 
temporal and parietal alpha power has been associated with greater symptom sever-
ity (Cornew et al. 2012).

Resting-state EEG studies of ASD suggest a U-shaped profile of electrophysi-
ological power alterations, with excessive power in low-frequency and high-fre-
quency bands, abnormal functional connectivity, and enhanced power in the left 
hemisphere of the brain. These studies have documented differences associated 
with ASD, particularly in frontal areas functionally linked to cognitive functions 
which are disrupted in individuals with ASD (Billeci et al. 2013; Wang et al. 2013; 
Shimizu et al. 1982).

Neuroimaging technologies and EEG studies have shown that autism is largely 
a disorder of neuronal connectivity (Coben et al. 2014; Palau-Baduell et al. 2012). 
Functional findings revealed that patients with ASD had deficit in long-distance 
connections (under-connectivity), with a most prominent deficit in fronto-posterior 
connections, as well as an excess of local connections (over-connectivity) and of 
long-distance under-connectivity, with some nonuniformities, along with disrup-
tions were also described, more severe in later-developing cortical regions (Wass 
2011; Palau-Baduell et al. 2012). Furthermore, lower synchronization in non-rapid 
eye movement (NREM) sleep stages, and low coherence for most frequency bands 
confirm the validity of the underconnectivity model in autism (Coben et al. 2008; 
Kulisek et al. 2008)

Recently, Barttfeld P. showed a decay in functional connectivity mainly within 
the delta and theta bands (the lower part of the EEG spectrum) associated with 
an increasing number of autistic traits. According to this author, EEG functional 
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connectivity at low frequencies and its associated network properties may be related 
to some autistic features in the general population (Barttfeld et al. 2013). Resting 
state MEG has also revealed band-specific group differences in connectivity mea-
sure that agreed with other functional studies in fMRI and EEG (Ghanbari et al. 
2013).

Cantor et al. (1986), were the first to examine the utility of pairwise coherence 
measures for representing connectivity impairments in autism (Cantor et al. 1986). 
Using phase coherence in multiple frequency EEG bands as a measure of functional 
connectivity, Pineda et al. (2012) have shown evidence for both global hypocon-
nectivity and local hyperconnectivity in individuals with ASD (Pineda et al. 2012). 
Carson et al. (2014) also found decreased interhemispheric connectivity in frontal 
and temporal-parietal regions in these children compared to controls using EEG 
coherence (Carson et al. 2014).

A large case control study conducted by Duffy et al. (2012) found a stable pattern 
of EEG spectral coherence distinguishing children with autism from neurotypical 
controls. They proposed that the predominantly reduced short-distance coherences 
may indicate poor local network function, whereas, the increased long-distance co-
herences might represent compensatory processes or reduced neural pruning (Duffy 
and Als 2012). It has been suggested that preferential attention to detail (perceptual 
domain) is connected with both, lower levels of alpha activity and reduced coher-
ence in posterior regions in the ASD group (Mathewson et al. 2012).

EEG coherence has also been evaluated during the intermittent photic stimu-
lation at fixed frequencies of 3–24 Hz in 14 boys with autism, aged 6–14 years, 
with relatively intact verbal and intellectual functions and without differences in the 
spontaneous EEG. However, the number of interhemispheric coherent connections 
pertaining to the 20 highest connections of each individual was significantly lower 
in autistic patients than in the controls at all the EEG beta frequencies correspond-
ing to those of stimulation (Lazarev et al. 2013).

In this respect, there are a number of extant questions. First, whether aberrant 
connectivity observed in ASD should be seen as part of their primary pathogenesis, 
or whether it disrupted connectivity emerging over time. Second, how the patterns 
of disrupted connectivity found in ASD might relate to those found in a range of 
other disorders.

4.2.2 � EEG Biofeedback as Treatment in ASD

Neurofeedback (NF) training is an intervention based on operant conditioning that 
results in self-regulation of brain electrical oscillations (Kubik 2010). NF exploits 
the brain’s plasticity to normalize aberrant connectivity patterns apparent in the 
autistic brain, by grounding this training in known anatomical (e.g., mirror neuron 
system) and functional markers (e.g., mu rhythms) of autism. So, NF training holds 
promise to support current treatments for this complex disorder. Pineda et al. pro-
posed a hypothesis which states that neurofeedback-induced alpha mu (8–12 Hz) 
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rhythm suppression or desynchronization, a marker of cortical activation, should 
induce neuroplastic changes and lead to the normalization in relevant mirroring 
networks that have been associated with higher-order social cognition(Pineda et al. 
2012).

Holtmann et al. (2011) reviewed available studies on the effectiveness of NF as 
a method of treatment for ASD core symptoms. The existing evidence at that time 
did not support the use of this tool in the treatment of ASD (Holtmann et al. 2011). 
Studies with outcomes in favor of NF might show an improvement in comorbid at-
tention-deficit-hyperactivity disorder symptoms, rather than a true improvement in 
core ASD symptoms (Coben and Myers 2010; Holtmann et al. 2011; Kubik 2010).

Recently, a randomized pretest–posttest control group design showed that EEG 
biofeedback seems to be an applicable tool to regulate EEG activity, with specific 
effects on cognitive flexibility, but it did not result in significant reductions in symp-
toms of ASD (Kouijzer et al. 2013).

Despite conflicting results, literature analysis suggests that QEEG features are 
sensitive to modification in neuronal regulation dysfunction which characterizes 
autistic brain. The use of advanced techniques for the increase of the specificity and 
of spatial localization could allow finding distinctive patterns of QEEG abnormali-
ties in ASD subjects, paving the way for the development of tailored intervention 
strategies.

4.3 � Relationship Between EEG Epileptiform 
Abnormalities, Epilepsy, and Regression in ASD

4.3.1 � EEG Epileptiform Abnormalities

Confounding interpretations of findings related to the co-occurrence of autism and 
epilepsy is that the standards used to determine epileptiform abnormalities (EA) in 
children with ASD have varied among studies (Tuchman et al. 2010). Both nonspe-
cific changes, such as slowing or asymmetry, and epileptiform discharges, consist-
ing of spikes or sharp wave discharges, sharp slow waves, generalized spike-wave, 
and generalized polyspikes are seen in this disorder (Spence and Schneider 2009). 
On the other hand, the term subclinical or nonconvulsive seizure is used to refer 
to electrographic patterns, without clinically recognizable cognitive, behavioral, or 
motor functions or any apparent impairment of consciousness (Chez et al. 2006).

Many authors have reported a prevalence of epileptiform abnormalities in 20–
70 % of the children with autism and of epilepsy in 10–40 % of them (Rutter 1970; 
Tuchman 1997; Tuchman 2004; Rossi et al. 1995; Hashimoto et al. 2001; Hrdlicka 
et al. 2004; Hughes and Melyn 2005; Kawasaki et al. 1997; Ballaban-Gil and Tuch-
man 2000; Lewine et al. 1999). Moreover, high rates of interictal epileptiform EEG 
abnormalities in children with ASD have also been observed in patients with or 
without a history of seizures (Palau-Baduell et al. 2013; Chez et al. 2006; Kim et al. 
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2006; Parmeggiani et al. 2002; Amiet et al. 2008; Bolton et al. 2011; Francis et al. 
2013). EA rates as high as 60 % have been seen even in the absence of epilepsy, so 
their presence should not be considered evidence of epilepsy. This raises questions 
about whether these discharges could be considered a biomarker of cortical dys-
function in this population, and whether these discharges have a causal association 
with any of the autism phenotypes. Some investigators propose that these abnor-
malities may play a causal role in the autism phenotype (Munoz-Yunta et al. 2003; 
Bolton et al. 2011; Dawson et al. 2005; Francis et al. 2013).

Kagan-Kushnir et al. (2005) summarized 13 EEG studies from 1966 to 2003. 
None of the studies received a “good” quality rating, three were rated “fair,” and 
the other ten were rated “poor.” In examining the prevalence of epileptiform ab-
normalities in all patients, irrespective of clinical seizure history, wide variants in 
prevalence rates were obtained, ranging from 10.3 to 72.4 %. When only the “fair” 
studies were considered, the rates ranged from 38.3 to 60.8 %. Out of 13, 8 studies 
examined the prevalence rate of epileptiform abnormalities in patients with no clini-
cal history of seizures and it was found to range from 6.1 to 31 % (Kagan-Kushnir 
et al. 2005).

In the general population the occurrence of EA observed ranges from 2 to 8.7 %, 
and decreases during puberty (Danielsson et al. 2005; Hara 2007; Trevathan 2004), 
while EA occurrence in ASD ranges from 6.7 to 83.0 %, tends to disappear during 
puberty (Parmeggiani et al. 2007), and is present predominantly in female subjects 
(Chez et al. 2006). On the other hand, the prevalence of epilepsy declines with age 
in individuals with static processes like cerebral palsy and intellectual disability, 
nevertheless increases of autism and epilepsy raise the possibility of an ongoing 
degenerative process in these individuals, like the occurrences in Down syndrome 
(Silver and Rapin 2012; Tuchman et al. 2010). Epilepsy generally persists into adult 
life, however a remission of only 16 % has been reported in adults with autism 
(Levisohn 2007). The heterogeneous data reported in the literature are probably due 
to (a) different samples with different ages and clinical features and (b) the method-
ological variability in collecting and interpreting EEGs.

It has also been demonstrated that the occurrence of EA is higher when using 
24- to 48-h EEG recordings than in routine studies; in fact, this may be present 
only during sleep (Parmeggiani et al. 2010; Hrdlicka et al. 2004). According to one 
report EEG sleep study, could be best achieved in patients with autism by using 
dexmedetomidine, (Ray and Tobias 2008).

MEG and sleep EEG are more sensitive for correctly detecting epileptiform 
EEG abnormalities in autism than wake EEGs (Lewine et al. 1999; Hrdlicka 2008). 
Mulligan et al. (2014) completed a retrospective chart review of 101 patients with 
ASD who had overnight EEGs they suggested that increasing severity of autistic 
symptoms may be associated with a higher likelihood of epileptiform abnormalities 
(Mulligan and Trauner 2014). MEG epileptiform activity is frequently documented 
in children with early-onset ASD and subclinical epileptiform activity is present 
especially in the perisylvian regions for many patients with this pathology (Munoz-
Yunta et al. 2008). The focus of spike discharges has been reported to be mainly 
in the centro-temporal or temporal (Olsson et al. 1988; Tuchman and Rapin 1997; 
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Parmeggiani et al. 2010), frontal (Kawasaki et al. 1997; Hashimoto et al. 2001), or 
rarely in the occipital regions (Nass et al. 1998). Kanemura et al. (2013) observed 
that the presence of frontal paroxysms was significantly associated with the later 
development of epilepsy compared with centrotemporal paroxysmus (Kanemura 
et al. 2013).

In a recent study, our team in the International Center for Neurological Restora-
tion in Havana Cuba evaluated 70 ASD patients between the age of 2 and 14 years 
(5.8 ± 2.86) with male predominance (63.3 %), 55 % of the patients were classified 
as primary ASD. Sleep EEGs, wake EEGs, or both were performed in this study. 
Sleep EEGs recording was performed in 41.6 % of the patients. The overall rate of 
epileptiform EEG abnormalities in the whole sample was 71.6 %. These EEG find-
ings were not found to be associated with clinical severity of autism. No significant 
relationship between EA occurrence, and ASD subtypes was observed (Fisher exact 
test p = 0.46). Epilepsy was diagnosed in 11, 6 %, of the study participants. Tempo-
ral lobe localization of the EA was associated with epilepsy diagnosis, (unpublished 
data).

In general, the significance of EA is controversial. Moreover, a clinical diagnosis 
of ASD cannot be confirmed by pathognomic EEG or PSG features but these data 
may help to determine the role of abnormal electrical activity in the development 
of ASD.

4.3.2 � EEG Epileptiform Abnormalities and Epilepsy

Epilepsy is the most common neurological comorbidity in autism. Approximately 
one third of the children with autism develop epilepsy (Giovanardi et  al. 2000; 
Olsson et al. 1988), with prevalence estimates between 8 and 42 % (Volkmar and 
Nelson 1990; Rossi et al. 1995; Spence and Schneider 2009; Tuchman and Rapin 
2002; Hughes and Melyn 2005; Kagan-Kushnir et al. 2005; Danielsson et al. 2005; 
Francis et al. 2013).

The onset of epilepsy in autism has two peaks: one before 5 years of age and 
the other after 10–12 years of age, with most cases presenting after 10 years of 
age (Volkmar et al. 2005). In these cases all types of epilepsy have been observed  
(Volkmar et al. 2005; Gillberg 1991).

The high frequency of autism in some of the early-onset developmental encepha-
lopathic epilepsies, and the high prevalence of interictal EEG discharges in children 
with autism is frequently cited as evidence of the relationship between autism and 
epilepsy (Berg and Plioplys 2012).

Some studies have ascertained that mental retardation, cerebral lesions, and rare 
diseases associated with ASD increase the risk of epilepsy (Spence and Schneider 
2009; Hughes and Melyn 2005). The prevalence of epilepsy reported in autism has 
varied across studies depending on the age distribution of the sample, the degree of 
mental retardation, and the type of language disorder (Volkmar et al. 2005; Kagan-
Kushnir et al. 2005). However, in “idiopathic” ASD seizure the occurrence remains 
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higher than in the general population, suggesting that autism itself is associated with 
an enhanced risk of epilepsy (Spence and Schneider 2009). A paper published by 
Ekinci et al. (2010) examined the possible associations of epilepsy/interictal epi-
leptiform abnormalities with asthma/allergy, hyperactivity, and familial factors in 
ASD. They observed that epilepsy was associated with a family history of epilepsy 
and psychiatric problems in the mother during pregnancy (Ekinci et al. 2010).

It has been reported that some ASD patients with late-onset epilepsy showed 
severe EEG abnormalities, which included continuous spike-waves during slow-
wave sleep (CSWS), generally demonstrate an improvement in EEG and clinical 
symptoms in the long-term follow up (Lee et al. 2011).

The complexity of the relationship of ASD, epilepsy, and epileptiform EEG ac-
tivity is highlighted in tuberous sclerosis complex (TSC). This is a key clinical 
model for at least four reasons. First, 1–5 % of the children with autism have TSC 
(de et  al. 2005). Second, a more careful analysis reveals that TSC is present in 
8–14 % of those with the autism–epilepsy phenotype (Smalley 1998).Third, autism 
or ASD have been reported in up to 50 % of the individuals with TSC (de et al. 
2005). Fourth, approximately 60 % of the children with TSC have epilepsy and 
50 % have infantile spasms (Guerrini and Aicardi 2003). All of these reasons make 
TSC a unique clinical model to study the complex interplay between genetics, sei-
zures onset, and location of epileptiform activity to the development of ASD.

The consensus emerging from studies on ASD and epilepsy is that the same 
brain pathology accounts for the majority of children with co-occurring ASD and 
epilepsy or with an epileptiform EEG. This brain pathology may represent a set of 
uniform underlying genetics as well. The current understanding of the association 
between epilepsy and ASD is still limited, but from a clinical point of view, this as-
sociation should not be overlooked. Controversy also seems to exist regarding the 
rate of seizures and EEG abnormalities.

4.3.3 � EEG Epileptiform Abnormalities and Autistic Regression

Another interesting point emerging from studying the association of epilepsy, EA, 
and autism is the fact of autistic regression (usually occurring between 18 and 24 
months of age) in which the developmental trajectory of approximately 30 % of the 
children with ASD is characterized by a regression of verbal and nonverbal com-
munication skills. This phenomenon is currently well accepted, but poorly under-
stood at a biological level (Werner et al. 2005; Luyster et al. 2005; Lord et al. 2004;  
Goldberg et al. 2003; Meilleur and Fombonne 2009; Baird et al. 2008).

Many studies have addressed the question of the influence of epilepsy and/or EA 
on autistic regression (Tuchman 1997; Kobayashi and Murata 1998; Hrdlicka et al. 
2004; Baird et al. 2006; Deonna and Roulet 2006). However, the relationship be-
tween them continues to be an area of active research interest and controversy with 
studies showing mixed results. Some studies during the past decade have found 
no differences in history of autistic regression in ASD children with epileptiform 
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EEGs and epilepsy versus ASD children with a normal EEG and no epilepsy (Hara 
2007; Canitano et al. 2005; Hrdlicka 2008; Parmeggiani et al. 2010). Contrary to 
results showing no relationship of regression to epilepsy in autism there are other 
case reports linking epilepsy or an epileptiform EEG to autistic regression (Deonna 
and Roulet 2006; Chilosi et al. 2013; Hrdlicka et al. 2004; Giannotti et al. 2008). 
This latter study also found that children with autistic regression had more disrupted 
sleep than those with ASD without regression (Giannotti et al. 2008).

For many years, a number of studies have pointed out the role of EEG abnor-
malities in language and cognitive processes suggesting that interictal epileptiform 
activity could impair brain function (Patry and Naquet 1971; Deonna 1996; Rapin 
1996; Aarts et  al. 1984; Binnie et  al. 1987; Kasteleijn-Nolst Trenite et  al. 1987) 
while, uncontrolled and few randomized controlled trials of antiepileptic treat-
ment of interictal epileptiform discharges have suggested that the suppression of 
discharges is associated with significant improvement in psychosocial function 
(Garcia-Penas 2011).

Furthermore, despite the high prevalence of interictal EEG epileptiform activity 
in children with ASD and the overlap of Landau–Kleffner syndrome (LKS) and 
ASD, little evidence to date has shown that spikes contribute to the pathogenesis 
or to the worsening of language, social, or behavioral dysfunction in children with 
ASD (Tharp 2004). However, there are clear differences between LKS and autistic 
regression (Szatmari et al. 2008).

An attempt to clarify the relationship between regressions or any type of prob-
lematic clinical findings and severity of EEG abnormalities in ASD patients with 
late-onset epilepsy was made by Lee et  al. (2011). They found that severe EEG 
abnormalities tended to be related to the neuropsychological function. Nevertheless 
they were not able to conclude that the treatment of EEG abnormality was related to 
the improved neuropsychological symptoms (Lee et al. 2011).

In summary, although there is no clear understand on the biology of regression 
in autism, we have much information of their phenomenology. The decision to treat 
EA remains controversial, and the treatment of seizures should be pursued utilizing 
drugs generally indicated in international epilepsy guidelines. It is quite evident that 
the results of different studies are argumentative and the relationship of epilepsy 
and EEG abnormalities to developmental regression in autism remains unknown 
and should be clarified and investigated.

4.4 � Sleep Disorders and Polysomnography in ASD

Just as with epileptiform discharges and epilepsy, the prevalence of sleep problems 
in children with ASD is very high, ranging between 40 and 80 % (Thirumalai et al. 
2002; Silver and Rapin 2012; Richdale 1999; Schreck and Mulick 2000; Wiggs and 
Stores 2004; Polimeni et al. 2005; Liu et al. 2006; Malow 2004; Malow et al. 2009; 
Bruni et al. 2007; Goldman et al. 2009). A growing body of literature contains re-
ports of sleep disorders as a third indicator of abnormal neural functioning in autism 
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and, therefore, a characteristic of the ASD phenotype (Anders et al. 2011; Wiggs 
and Stores 2004; Richdale 1999; Cortesi et al. 2010; Baker et al. 2013). Parental 
surveys indicate a 50–80 % prevalence of sleep problems in children with ASD, 
compared with a 9–50 % prevalence rate in age-matched, typically developing sub-
jects (Polimeni et al. 2005; Kotagal and Broomall 2012; Allik et al. 2006; Richdale 
and Schreck 2009).

The degree of cognitive impairment likely does not influence the prevalence 
of sleep problems in ASD because they are observed in those who are severely 
mentally handicapped as well as in those who are high functioning, with intel-
ligence quotients greater than 70 (Richdale and Schreck 2009; Krakowiak et  al. 
2008). Sleep problems also do not seem to be influenced by ASD subtype (Polimeni 
et al. 2005). A positive correlation has also been observed between the number of 
seizures and total scores on the Child Sleep Habits Questionnaire, where higher 
scores denote more sleep problems (Giannotti et al. 2008). Parents of children with 
ASD and epilepsy are more likely to report difficulties with sleep than parents of 
children without epilepsy (Cotton and Richdale 2006; Goldman et al. 2012; Wiggs 
and Stores 2004).

The main problems described in ASD include insomnia, difficulty with sleep 
initiation and sleep maintenance, parasomnias such as rapid eye movement (REM) 
and non-REM arousal disorders, rhythmical movement disorders, and periodic limb 
movements during sleep (Malow et al. 2006; Liu et al. 2006; Krakowiak et al. 2008; 
Hoshino et al. 1984). The multiplicity of sleep problems in children with ASDs was 
confirmed by Wiggs and Stores using sleep diaries from 69 parents, together with 
actigraphy (a device to detect and record muscle activity), to monitor sleep pattern 
(Wiggs and Stores 2004). Although some sleep disorders might be of behavioral 
origin (as in the typically developing children with poor sleep hygiene), circadian 
rhythm disturbances have also been reported in children with ASD (Patzold et al. 
1998; Wiggs and Stores 2004).

The consequences of the difficulties with sleep initiation and maintenance in 
children with ASD may include alterations in daytime behavior, memory, learn-
ing, and also significant stress in caretakers (Kotagal and Broomall 2012). In 2004 
Schreck et al. demonstrated that in children with autism, fewer hours of sleep per 
night were highly correlated with a more severe behavioral phenotype (Schreck 
et al. 2004). Previous studies had also suggested that some symptoms specific to au-
tism may be directly associated with disturbed sleep, and that the improved sleep in 
children with autism is associated with enhancement in daytime behavior (Johnson 
et al. 1996; Patzold et al. 1998; Richdale 1999; Segawa and Nomura 1992).

In an interesting study Giannotti et al. (2006) observed persistent sleep problems 
in children with autism, in over 50 % of the sample (Giannotti et al. 2006), with 
a peak age of onset during the second year of life, similar to what is known for 
regression. Later, this author also reported significantly more severe and persistent 
abnormalities of sleep wake patterns in regressed children (Giannotti et al. 2008; 
Giannotti et al. 2011).

Polysomnography (PSG) consists of monitoring multiple simultaneous, physi-
ologic parameters during sleep Fig. 4.1 and it is indicated when sleep-disordered 
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breathing, restless legs syndrome, parasomnias, or nocturnal seizures are suspected. 
PSG studies have confirmed the presence of disrupted sleep architecture in children 
with ASD. PSG abnormalities include reduction of REM sleep; longer sleep laten-
cy, increased arousals, lower sleep efficiency, increased stage 1 sleep, and decreased 
slow wave sleep as well as decreased density of spindle activity (Palau-Baduell 
et al. 2013).

Relatively few reports of PSG-based sleep studies in children with autism have 
been published. Overall, these have focused on abnormalities in REM sleep, includ-
ing immaturity in the organization of eye movements into discrete bursts (Tanguay 
et al. 1976), increased muscle twitches during REM sleep (Elia et al. 2000), and 
undifferentiated sleep in which features of non-REM and REM sleep are intermixed 
(Diomedi et al. 1999; Limoges et al. 2005). The prolonged sleep times, early wake 
times, and frequent interruptions in sleep noted in the survey literature have not 
been commented on in these PSG studies. Although subjective sleep parameters 
appear to be roughly similar in adults and children with ASD, there are inconsisten-
cies in the objective sleep profiles obtained from actual sleep recordings (Elia et al. 
2000).

The characterization of sleep manifestations by specific ASD subtype (prefer-
ably by using the International Classification of Sleep Disorders) will help gather 
better longitudinal data about diagnosis and responses to specific treatments.

Fig. 4.1   Polysomnography study in a 4-year-old patient with ASD without epileptic seizures. 
Recordings involve complete electroencephalogram (EEG), chin electromyography, eye move-
ments and electrocardiogram. Note EEG epileptiform abnormality in channels containing the right 
centroparietotemporal leads, C4, P4, T4, and T6
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4.5 � Conclusions

EEG and MEG provide evidence of disrupted brain connectivity in ASD and reveal 
that gamma-band activity may be crucially involved in aberrant brain functioning 
in ASD. However, researchers have only recently begun to link patterns of brain 
activity and connectivity to behavior.

Although there have been relatively few reports of PSG-based sleep studies in 
ASD, both non-REM and REM sleep abnormalities have been observed, which sup-
port the multiplicity of sleep problems in this pathology.

One of the best-known associations with central nervous system dysfunction in 
ASD is the high risk of epilepsy; though the relationship among epileptiform abnor-
malities, epilepsy, and regression is not yet well understood. Thus, a greater number 
of controlled studies are required in order to confirm this relationship. That is why, 
identification of the early processes that leads to ASD, and to epileptogenicity, or 
both is a challenge that is worth pursuing.
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