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Introduction
Landau-Kleffner Syndrome (LKS) and Regressive Autism
Spectrum Disorder (ASD) are two rare childhood disorders
that present symptoms of regression after a normal period of
development. There is an overlap of symptoms in these
disorders, however, an analysis of each disorder helps to define
the differences.
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Smith and Hoeppner reported only 198 cases of LKS since
Landau and Kleffner first described LKS in 1957 (as cited in
Honbolygo, Csepe, Rekeshazy, Emri, Marian, Sarkozy, &
Kalmanchey, 2006). Language regression is usually noticed
first, with an abrupt or gradual onset of regression between the
ages of 3 and 9 years (Mantovani, 2000; McVicar & Shinnar,
2004; Rapin, 2006). LKS, also known as acquired epileptic
aphasia, is clinically diagnosed based on two conditions (e.g.
Ege & Mouridsen, 1998) :
1. Onset of language regression after a period of normal
development
2. Abnormal epileptic activity as observed on an
ectroencephalogram (EEG).
Epileptiform activity is defined as chaotic and random activity
of numerous neurons (Honbolygo et al., 2006). Rapin (2006)
noticed that symptoms for LKS vary throughout the course of
the disorder.
ASD is considered a neurodevelopmental disorder that is
diagnosed according to the American Psychiatric Association
(2013) on this criteria:
1. Deficits in social communication and interaction
2. Restricted, repetitive patterns of behavior, interests, or
activities (which may include extreme perception of
sensory input; either lack of or overload of input).
Children with Regressive ASD exhibit these characteristics
after a normal period of development. Approximately 30% of
children with ASD experience regression (Mantovani, 2000;
McVicar & Shinnar, 2004). The regression occurs before the
age of 2 (Rapin, 2006; McVicar & Shinnar, 2004).
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EEG abnormalities observed in LKS patients are considered benign and most often occur in slowwave, or delta sleep (Nieuwenhuis & Nicolai, 2006), hence EEG recordings in sleep are a standard for
diagnosis (Fandino, Connolly, Usher, Palm, & Kozak, 2011). Although clinical seizures are not
required for a diagnosis of LKS, seizures are present in 70% of patients (Ege & Mouridsen, 1998;
Fandino et al., 2011; Nieuwenhuis & Nicolai, 2006). The brain activity observed in children with LKS
is characterized by focal and multifocal continuous spikes and waves that are most prominent during
sleep (Ege & Mouridsen, 1998; Fandino et al, 2011; Honbolygo et al., 2006; Nieuwenhuis & Nicolai,
2006). A study from Mantovani (2000) found bilateral, frequent or constant spike and spike-wave
activity in the perisylvian areas on the sleep EEG, in addition to persistent abnormal activity in the left
perisylvian area recorded on the magnetoencephalogram (MEG).
A study by Honbolygo et al. (2006) provides evidence that this spike-wave activity may also be
present in the awake state. The researchers found localization of this activity mainly in the left
superior temporal gyrus (STG). Moreover, the results from a MEG study by Morrell et al. (1995) found
the similar sources of localization including the left posterior STG, the left inferior frontal lobe, and
the right temporo-parietal lobe (as cited in Honbolygo et al., 2006). The left inferior frontal lobe
(Broca’s area) plays a significant role in the auditory-motor integration necessary for the production of
language (Hickok & Poeppel, 2004).
These cortical areas are given a greater significance when considering the research on the neural
anatomy of language processing completed by Hickok and Poeppel (2004), which described that the
bilateral function of the STG is to decode acoustic-phonetic speech. The posterior STG is commonly
known as Wernicke’s area, a critical brain structure unilaterally involved in the comprehension of
language. Further processing continues in the Sylvian-parietal-temporal (Spt) area, a region of neural
integration of auditory speech stimuli and motor programming for speech (Hickok & Poeppel, 2004).
The disruption of neural activity in these language-related brain regions may be associated with the
language deficits seen in children with LKS.

Unlike the independent language regression noted in LKS, Regressive ASD is defined
by a global regression of skills (McVicar & Shinnar, 2004; Rapin, 2006). More
specifically, Mantovani (2000) explains that this population of children undergo a
regression of language, social, and cognitive abilities. Because the onset of regression
occurs at a young age (prior to 2 years of age), one of the most obvious areas of
decline is in imaginative play (Mantovani, 2000; Meilleur & Fombonne, 2009). In a
comparison study from Meilleur and Fombonne (2009), it was found that children
with regressed language skills said their first word around the age of 12 months,
which is significantly earlier than children with ASD who did not regress and said
their first words around 24 months. The same study stated that more severe autistic
symptoms, such as repetitive behaviors, were present in children with ASD who had
regressed.

Language Regression
A review of the literature shows a conclusive agreement that children with LKS experience auditory
processing deficits, described as verbal auditory agnosia (VAA), after a period of normal development
(Rapin, 2006; Mantovani, 2000; Fandino et al., 2011; Honbolygo et al., 2006). Carballo, Cejas,
Chamorro, Kaltenmeier, Fortini, and Soprano (2014) defined VAA as the inability to associate a
semantic component to different sounds. Because this receptive aphasia affects verbal comprehension
skills, expressive language deficits emerge (Honbolygo et al., 2006). Furthermore, Fandino et al.
(2011) stated that 90% of LKS patients present receptive aphasia prior to a rapid and severe decline in
speech production.
In accordance with other researchers, Ege and Mouridsen (1998) claim deficient phonological
skills to be a characteristic of LKS. In their case study, a 7 year old boy with LKS who had received
intensive therapy continued to produce multiple phonological mistakes in his writing, suggesting that
he may have been writing what he heard. Interestingly, the results of Event Related Potential in a case
study by Honbolygo et al. (2006) found automatic phonemic discrimination, an early skill in
phonological development, to be normal. Yet, they found stress pattern discrimination to be deficient,
implying that this type of stimulus may be processed in a separate brain area. Honobolygo et al. also
found deficits in verbal working memory, a function assumed to be processed in the Spt area (Hickok
& Poeppel, 2004). This may be a contributor to the language problems faced by LKS patients.
Another common characteristic is that the visual ability for linguistic development has not been
affected by neural disturbances (Ege & Mouridsen, 1998; Honbolygo et al., 2006). Therefore, the
ability to use visual forms of communication (e.g. sign language, written language, and
communicative gestures) can be utilized (Rapin, 2006). In fact, many children with LKS
independently seek this form of communication because they maintain social responsiveness and a
desire to communicate (Fandino et al., 2011).

Behavioral Characteristics
Behavioral analysis of LKS patients show that attention deficits and hyperactivity are common
features of the disorder (Carballo et al., 2014; Ballaban-Gil & Tuchman, 2000). Some researchers have
also observed frustration in children with LKS because of the communication difficulties the children
encounter. Anxiety in social situations is also observed because of the problems they experience with
understanding spoken language which may lead to social withdrawal (Fandino et al., 2011; BallabanGil & Tuchman, 2000).

Hickok & Poeppel, 2004
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Regressive Autism Spectrum Disorder

In addition to the non-linguistic skills, the findings for linguistic characteristics of
Regressive ASD from Rapin (2006) are:
• Impairments in auditory processing-auditory language and non-linguistic
signals
• Phonological deficits at the lexical and semantic level
• Inadequate pragmatic skills
• Lack of social motivation
• Visual capacity for language development much better than auditory capacity,
however still variable between children with ASD
àCan lead to improvements in child’s behavior
The effects of these linguistic and non-linguistic features observed in regressive ASD
seem to be variable, and are highly dependent on the age of onset. Both Rapin
(2006) and Meilleur & Fombonne (2009), agree that the earlier the onset of
regression occurs, the worse the language outcome will be later in life.
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Both LKS and Regressive ASD patients experience an onset of regression. In LKS,
the regression is specific to language skills. And in Regressive ASD, it is a global
regression that includes language, social, and cognitive skills. Phonological deficits
are prominent in both disorders.
The age of onset of regression for LKS is between the ages of 3 and 9 years, whereas
for Regressive ASD the onset is before 2 years of age. The earlier in development
language regression occurs, the more severe the language deficits that remain into
adulthood. Therefore, children with Regressive ASD have lower language skills later
in life compared to children with LKS.
The epileptiform activity that affects children with LKS is localized primarily in the
left temporal lobe with bilateral involvement in the perisylvian region. As opposed
to Regressive ASD, when epileptic activity is evident, it is localized bilaterally in the
perisylvian regions as well as many other brain areas.
Children with LKS maintain their desire to communicate, unlike children with
Regressive ASD who are socially withdrawn. This may be another reason for the
more severe language deficits observed in Regressive ASD patients later in
development.
The behavioral characteristics of children with LKS include hyperactivity,
frustration, and anxiety. Compared to children with Regressive ASD, who exhibit
more repetitive behaviors and restrictive interests than individuals with primary
ASD, in addition to a decline in imaginative play.
Both disorders include a heterogeneous population of children, that exhibit
overlapping characteristics. It is important to understand the clinical differences of
each for a correct diagnosis.

Table 1. Complete Comparison of Syndromes

Behavioral Characteristics
Along with the social and language skills of the child, the diagnostic process for ASD
is based on the behaviors exhibited by the child. Meilleur and Fombonne (2009)
organized an in-depth analysis of skills that may be lost in children with Regressive
ASD. It was observed that these children exhibit more repetitive behaviors and
restrictive interests.	
  	
  

Autistic Epileptiform Regression
Within the population of children with Regressive ASD, there is a subset of children
that display epileptiform abnormalities on the EEG or MEG (e.g. Deonna & RouletPerez, 2010). The studies that have analyzed this brain activity in children with ASD
who also experience regression have found that unlike LKS, the epileptic discharges
are localized in multiple areas including perisylvian and non perisylvian areas
(Canitano & Zappella, 2006; Lewine et al. , 1999). This may seem like an explanation
for the global regression of skills that occur, and Deonna and Roulet-Perez (2010)
found that regressive ASD had a higher rate of EEG abnormalities. However, both
Rapin (2006) and Ballaban-Gil and Tuchman (2000) found that the proportion of
EEG abnormalities observed in patients with regressive ASD and in those with
primary ASD without regression were the same, thus continuing the debate.
Although it is important to point out that epilepsy and EEG abnormalities is a
common feature in ASD with or without regression, there is not a definite causal
relationship between epileptiform activity in the brain and deficits in skill, and the
appearance of both need to be studied further.
The characteristics of global regression in this population of children is similar to
the skills lost in Regressive ASD without epileptiform activity. Among both
populations, the expression of these regressive characteristics as well as behavioral
characteristics are variable among patients and follows a spectrum of severity
(Rapin, 2006; Deonna & Roulet-Perez, 2010; Meilleur & Fombonne, 2009).

Landau-Kleffner
Syndrome

Age of Onset

Areas of
Regression

Areas of
Epileptiform
Activity

Behavioral
Characteristics

Regressive ASD with
epileptiform activity

• 3-8 years

• <2 years

• Verbal
comprehension
• Phonological
processing
• Expressive language

•
•
•
•

• Bilateral perisylvian
region
• Left STG
• Left inferior frontal lobe
(Broca’s area)
• hyperactivity
• decreased attention
• social withdrawal

• Bilateral perisylvian region
• Bilateral inferior frontal
lobe
• Bilateral parietal lobe

Language
Imaginative play
Communication
Sociability

• loss of interest in toys
• lack of joint attention
• restrictive, repetitive
interests or activities

Regressive ASD
without epileptiform
activity
• <2 years

•
•
•
•

Language
Imaginative play
Communication
Sociability

• loss of interest in toys
• lack of joint attention
• restricted, repetitive
interests or activities

Ballaban-Gil & Tuchman, 2000; Ege & Mouridsen, 1998; Honbolygo et al., 2006; Rapin, 2006;
McVicar & Shinnar, 2004; Meilleur & Fombonne, 2009
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