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Angelman syndrome: is there a characteristic EEG?q
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Abstract
Angelman syndrome (AS) is a genetic disorder characterised by severe mental retardation, subtle dysmorphic facial features, a
characteristic behavioural phenotype, epileptic seizures and EEG abnormalities. AS can be caused by various genetic mechanisms involving
the chromosome 15q11– 13 region. Neurophysiological studies report a variety of EEG abnormalities seen in AS patients. The objective of
this article was to analyse whether there are characteristic EEG changes in AS, whether this varies with age and what the differential
diagnosis is. Most of the authors agree about the existence of three main EEG patterns in AS which may appear in isolation or in various
combinations in the same patient. The pattern most frequently observed both in children and in adults has prolonged runs of high amplitude
rhythmic 2 – 3 Hz activity predominantly over the frontal regions with superimposed interictal epileptiform discharges. High amplitude
rhythmic 4 – 6 Hz activity, prominent in the occipital regions, with spikes, which can be facilitated by eye closure, is often seen in children
under the age of 12 years. There is no difference in EEG findings in AS patients with or without epileptic seizures. AS patients with a deletion
of chromosome 15q11– 13 have more prominent EEG abnormalities than patients with other genetic disturbances of the chromosome 15
region. The EEG findings are characteristic of AS when seen in the appropriate clinical context and can help to identify AS patients at an
early age when genetic counselling may be particularly important.
q 2004 Elsevier B.V. All rights reserved.
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1. Introduction
In 1965, the first description of Angelman syndrome (AS)
was reported by Harry Angelman, an English paediatrician
[1]. He described three severely mentally retarded children
with similar facial features, absence of speech, paroxysms of
laughter, abnormal puppet-like gait, epileptic seizures, and
an abnormal EEG. For more than 20 years, AS was
considered to be a rare disorder but now it is clear that the
clinical spectrum is much broader than was originally
thought [2,3]. AS is caused by different genetic mechanisms
involving the chromosome 15q11 –13 region varying from
maternal deletion, paternal uniparental disomy, imprinting
defects and point mutations or small deletions within the
UBE3A gene, which lies within this region [3]. To date, AS
can be genetically confirmed in 85 – 90% of patients
clinically diagnosed as having this disorder. The incidence
of AS is estimated to be between 1 in 10,000 and 1 in 40,000
q
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[3]. Neurophysiological studies report a variety of EEG
abnormalities in AS patients [4 – 8]. It is fascinating to note
that EEGs of AS patients (in contrast to many other epilepsies
with infantile onset such as West syndrome, Lennox-Gastaut
syndrome, and others) do not have a standard paradigm of
abnormalities with regard to both the background activity
and the epileptiform discharges in the same patient [4,9].
Moreover, changes in EEG abnormalities with age mean that
one unified neurophysiological pattern for AS patients
cannot be found [9]. Nevertheless, epileptic seizures in
combination with suggestive EEG abnormalities are indispensable for reaching an early diagnosis of AS and providing
appropriate genetic counselling.
In this article, we want to discuss three topics. Is there a
characteristic AS EEG? Is there variability with age and
what is the differential diagnosis?

2. Is there a characteristic Angelman EEG?
The EEG abnormalities of AS children were originally
described by Boyd et al. and later confirmed and worked out
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by other authors [4 –11]. An abnormal EEG is often seen in
AS patients from at least 1 year of age [4]. The prevalence of
EEG abnormalities seen in AS children and adults is about
80% [4,9]. All EEG abnormalities seen in AS patients can
be divided into three main EEG patterns:
1. Persistent rhythmic 4 –6 Hz activity, exceeding 200 mV,
often generalised, not associated with drowsiness and
persisting for a large part of the recording (Fig. 1). There
is no blocking effect due to eye closure, something,
which could be fairly specific for AS, because rhythmic
theta activity seen in other syndromes happens to
disappear on eye closure. This pattern can be seen in
AS patients under the age of 12 years [4,6,9].
2. This is described as the most frequently occurring pattern
in the known series of AS patients both in children and
adults [4,6,7,9– 11]. It is characterised by rhythmic delta
activity of 2– 3 Hz (200 –500 mV) often more prominent
in the anterior regions with the superimposed interictal
epileptiform discharges in the form of spikes and sharp
waves, sometimes reminiscent of spike –wave complexes (Fig. 2). The epileptiform activity has a moderate
amplitude and a multifocal distribution. Slow activity
tends to be generalised and to be predominant over the
epileptiform activity [6]. Laan et al. have described a
variation in this pattern as an intermittent or sometimes
continuous run of rhythmic triphasic 2– 3 Hz activity of
high amplitude (200 – 500 mV), mixed with spikes or
sharp waves with a maximum over the frontal regions
[9]. This pattern was found in almost 50% of AS patients
before the clinical diagnosis AS was made. The triphasic
waves in AS differ from the ‘typical’ triphasic waves
observed in metabolic diseases. Although triphasic
waves are fairly recurrent EEG features in adulthood,
they have not been reported in children [12]. Most of the
observed patients with triphasic waves had an altered
consciousness including coma, while the runs of the
triphasic waves in AS are for the most part seen in alert
and responsive patients [9]. Another peculiarity of the
triphasic waves in AS patients is a lack of reactivity, not
the same as the triphasic activity known to disappear
during sleep [13].
3. The third EEG pattern consists of spikes and sharp waves
mixed with 3 –4 Hz components of high amplitude,
usually exceeding 200 mV, mainly posteriorly and
facilitated by, or only seen on eye closure [4] (Fig. 3).
The EEG abnormalities in the posterior regions were the
most frequent findings in the series of young children
reported by Casara et al. [7]. This observation could not
be confirmed by Laan et al. because it was very difficult
to perform the eye-closure test in these hyperactive and
severely retarded children [9]. We know that AS patients
have severe sleep problems with frequent waking. The
EEG abnormalities are reported not only in the awake but
also in the sleeping state.
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Polysomnography during spontaneous sleep showed no
phasic sleep organisation in children [4,14]. The runs of
slow and sharp waves become continuous during stage 2
sleep and disappear or reduce during rapid eye movement
sleep [10]. On the whole sleep disturbances are frequently
reported in AS, and they are often associated with increased
motor activity during sleep, arousals, awakenings and
reduced total sleep time [15].
There is no difference in EEG findings in AS patients
with or without epileptic seizures [8,9,14]. No correlation
was found between any particular EEG pattern and the
paroxysms of laughter although one author has mentioned diffuse 2– 3 Hz high voltage slow wave bursts
without spike discharges [4,11]. There is a constellation
of EEG features in AS which may appear in isolation
or in various combinations either on the same occasion
or at different times in the same patient [4,9]. Guerrini
et al. studied the rhythmic myoclonus in AS, mainly
involving hands and face, and found that this was
accompanied by short bursts of rhythmic 5– 10 Hz EEG
activity [16].
2.1. EEG phenotype and genotype correlation
The correlations between the genetic disorders and EEG
abnormalities were analysed. There are only few publications on this subject. EEG abnormalities are much more
prominent in AS patients with a deletion (97 – 100%) and
not so pronounced in those with other genetic disturbances
(UBE3A mutation, uniparental disomy, methylation disturbances [9,10] [Table 1]). In the studies of Matsumoto
et al. [6] and Minassian et al. [10] all patients with large
chromosome 15q11 –13 deletions had distinct EEG abnormalities of slow and a disorganised background rhythm in
combination with bursts of slow (2 – 3 Hz) triphasic waves
or spike waves. On the other hand, a normal awake EEG
background rhythm was reported in 72.2% of AS patients
with uniparental disomy, methylation imprinting abnormalities and UBE3A mutations [10]. Laan et al. found EEG
abnormalities in 35 of 36 AS patients with a chromosome
15q11 – 13 deletion in which the child without EEG
abnormalities was only 10 weeks old. Abnormal EEG
patterns were found in 6 of 8 patients with UBE3A
mutations [17,18].
The EEG abnormalities found in AS patients are not
themselves pathognomonic of AS and have to be seen in the
appropriate clinical context. There are, however, some
characteristic EEG abnormalities that are mainly seen in
AS. First of all, the pattern with prolonged runs of high
amplitude rhythmic 2 – 3 Hz activity spread predominantly
over the anterior regions with the superimposed interictal
epileptiform discharges. This is rarely reported in other
disorders, while other patterns can be observed in a broad
spectrum of infantile disorders. Secondly, the EEG
abnormalities in AS are persistent, relatively independent
of the waking-sleep cycle and do not disappear on a simple

82
L.A.E.M. Laan, A.A. Vein / Brain & Development 27 (2005) 80–87

Fig. 1. Persistent rhythmic 3–4 Hz activity in a 16-month-old boy with AS and a proven deletion of chromosome 15q11–13.
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Fig. 2. Rhythmic 2 Hz activity (triphasic activity) most prominent over the frontal regions, mixed with spikes and sharp waves, in a 4-year-old boy with AS and a proven deletion of chromosome 15q11–13.
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Fig. 3. Spikes and sharp waves mixed with 3–4 Hz components of high amplitude, mainly posteriorly and facilitated on eye closure, in the same AS patient as in Fig. 1.
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Table 1
EEG abnormalities and genetic disorders in Angelman syndrome patients
Deletion

UBE3A mutation

Uniparental disomy

Methylation imprinting abnormalities

Minassian et al. [10]

9 patients: 9/9 EEG
abnormalities as
described by AS

4 patients: 3/4 normal EEG
background and 3/4 bursts
of slow spike waves

5 patients: 3/5 normal EEG
background and 4/5 bursts of
slow spike waves

Laan et al. [9,17,18]

36 patients: 35/36 EEG
abnormalities as
described by ASa
8 patients: 8/8 EEG
abnormalities as
described by AS

2 patients: 2/2 normal
EEG background
and 2/2 slow spike
waves, one of them
in sleep
8 patients: 6/8 EEG
abnormalities as
described by AS

Matsumoto et al. [6]

a

The AS patient without EEG abnormalities was age 10 weeks.

stimulus such as eye closure. These features might be
helpful in differentiating AS EEG from other EEGs in
severely retarded patients with or without epileptic seizures.
The EEG features of AS appear to be sufficiently
characteristic to help identify AS patients at an early age
before clinical features become obvious and at a time when
genetic counselling may be particularly important.

high amplitude and a maximum over the frontal regions
mixed with spikes or sharp waves, although this often
changes to intermittent runs of this type of activity in
adulthood. This EEG activity was found in 8 of 14 (57%)
adult patients [9] (Fig. 4).

4. Differential diagnosis of as EEG
3. Is there a variability with age?
Evolution of EEGs in AS in childhood has been
examined by several authors [6 –9,14]. The EEG abnormalities occur very early, usually in the first 2 years of life,
and often precede the clinical manifestations of AS [4,9]. In
some cases, these EEG patterns are not found. In practice, it
may be necessary to carry out more EEG examinations
before one finds this pattern, but there are patients who
do not demonstrate these EEG abnormalities, although
the clinician might be considering the possibility of
this syndrome. Exact data about this item are not
available although it is the personal experience of several
experts [4,9].
The younger the AS child, the more florid the EEG
abnormalities are, with at least two of the above-mentioned
EEG patterns [4,6,9]. The EEG abnormalities gradually
change from (1) high voltage, slow burst activity (1 –3 Hz),
mixed with 4– 6 Hz activity of high amplitude in the very
young children (more evident in children under the age of
4 years) to (2) 4– 6 Hz activity over the posterior regions,
mixed with spikes and spike– wave activity in children up to
puberty, to (3) a background rhythm which is too slow for
age, sometimes mixed with focal or multifocal spikes, in the
adult patients [6 – 10,14]. There was a perception that the
characteristic EEG pattern of rhythmic 2– 3 Hz activity of
high amplitude over the frontal regions, often continuously
present in childhood, did not occur in adults [3,4]. Laan et al.
reported that most AS patients, irrespective of their age,
demonstrated EEG abnormalities in the form of prolonged
runs in childhood of rhythmic triphasic 2– 3 Hz activity with

Since none of the EEG abnormalities in AS are in
themselves pathognomonic for the syndrome, they may
resemble abnormalities seen in other severely retarded
patients with or without epileptic seizures. When the AS
EEG is seen in the appropriate clinical context, 4p2
syndrome can be excluded on the basis of the clinical
symptoms. EEG findings in 4p2 syndrome patients are
distinct from those in AS patients and show high amplitude
spike– wave complexes at 2– 3.5 Hz, usually diffuse in
bursts and activated by sleep and, 4 –6 Hz polyspike –wave
complexes in parieto-occipitotemporal regions, often seen
only when the eyes are closed [19]. Rett syndrome (RS) is
an important differential diagnosis because there can be a
phenotypic overlap between AS and RS [20]. In practice,
every child with a possible clinical diagnosis of AS and an
EEG which is comparable for AS, without genetic
abnormalities on genetic testing, should be tested for an
MECP2 mutation. The difference between hypsarrhythmia
and AS in a very young child might be difficult to
distinguish, although in West syndrome periods of suppression are seen in a much more chaotic EEG. Also important
is the fact that in AS there are no changes in EEG from the
awake to the sleeping state, thus differing from West
syndrome. The clinical context of West syndrome with
clusters of tonic seizures might be different from that in AS
although there have been descriptions of AS patients with a
hypsarrhythmic EEG at a young age [6]. The runs of slow
waves mixed with epileptiform discharges with anterior
predominance may resemble the petit mal variant seen in the
Lennox-Gastaut syndrome, a syndrome with a peak age
between 3 and 5 years [6,11]. But as mentioned above, EEG
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Fig. 4. Rhythmic 1.5–2 Hz activity (triphasic activity) over the frontal regions in a 38-year-old man with AS and a UBE3A mutation.
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findings in AS patients may include predominance of slow
activity with superimposed epileptiform discharges, which
have no well defined features of the slower spike and wave
complexes characteristic of Lennox-Gastaut syndrome.
Furthermore, there is no evidence of enhancement of
epileptiform activity during sleep, which is well defined in
Lennox-Gastaut syndrome [4,14].

5. Conclusions
We believe that there is a characteristic AS EEG but one
has to see the EEG in the appropriate clinical context. Being
aware of such EEG patterns can significantly contribute to
the possible diagnosis of AS, especially at a young age, and
this is important for genetic counselling. There are,
however, still patients with typical clinical features of AS
but in whom these EEG patterns are not found, although the
clinician is suspecting the possibility of this syndrome.
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