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Abstract
Chromosomal abnormalities are associated with a broad spectrum of clinical 
manifestations, one of the more commonly observed of which is epilepsy. The 
frequency, severity, and type of epileptic seizures vary according to the macro- 
and microrearrangements present. Even within a single chromosomal anomaly, 
we most often deal with a phenotypic spectrum. The aim of the study was to look 
for chromosomal rearrangements with a characteristic electroencephalographic 
pattern. Only a few disorders have peculiar electroclinical abnormalities: 1p36, 
4p16, 6q terminal or trisomy 12p, Angelman syndrome, inv dup 15, 15q13.3 dele-
tions, ring 20, Down syndrome, or Xp11.22–11.23 duplication. We also reviewed 
studies on epileptic seizures and typical electroencephalographic patterns de-
scribed in certain chromosomal rearrangements, focusing on the quest for po-
tential electroclinical biomarkers. The comprehensive review concludes with 
clinical presentations of the most common micro and macro chromosomal rear-
rangements, such as 17q21.31 microdeletion, 6q terminal deletion, 15q inv dup 
syndrome, 2q24.4 deletion, Xp11.22–11.23 duplication, 15q13.3 microdeletion, 
1p36 terminal deletion, 5q14.3 microdeletion, and Xq28 duplication. The papers 
reviewed did not identify any specific interictal electroencephalographic patterns 
that were unique and significant biomarkers for a given chromosomal microre-
arrangement. The types of seizures described varied, with both generalized and 
focal seizures of various morphologies being reported. Patients with chromo-
somal anomalies may also meet the criteria for specific epileptic syndromes such 
as Infantile Epilepsy Spasms Syndrome (IESS, West syndrome): 16p13.11, 15q13.3 
and 17q21.31 microdeletions, 5q inv dup. syndrome; Dravet syndrome (2q24.4 
deletion), Lennox–Gastaut syndrome (15q11 duplication. 1q13.3, 5q inv dup.); or 
Self-Limited Epilepsy with Autonomic Features (SeLEAS, Panayiotopoulos syn-
drome: terminal deletion of 6q.n), Self-Limited Epilepsy with Centrotemporal 
Spikes (SeLECT): fragile X syndrome. It is essential to better characterize groups 
of patients to more accurately define patterns of epilepsy and EEG abnormalities. 
This could lead to new treatment strategies. Future research is required to better 
understand epileptic syndromes and chromosomal rearrangements.
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1  |   INTRODUCTION

Chromosomal abnormalities are often associated with a 
broad spectrum of neurological symptoms, predominantly 
epilepsy. The frequency and severity of epileptic seizures 
observed in different macro- and microrearrangements 
may vary. Singh et al.1 reported more than 400 different 
chromosome aberrations associated with epileptic seizures 
and/or EEG abnormalities. However, only a few chromo-
some anomalies have a characteristic electroclinical pat-
tern, such as 1p36 deletion, 4p16 deletion, 6q terminal 
deletion, trisomy 12p, Angelman syndrome, inv dup 15, 
15q13.3 deletions, ring 20, 21 trisomy, and Xp11.22–11.23 
duplication.2 This review provides an update on recent re-
search on epileptic seizures and electroencephalographic 
patterns reported in selected chromosomal rearrange-
ments, focusing on chromosomal microrearrangements.

2  |   MATERIALS AND METHODS

2.1  |  Search strategy

A systematic search was conducted in the PubMed, 
Medline, and Google Scholar databases to identify the 
literature related to epilepsy, EEG, and chromosomal 
rearrangements. Two authors independently (J.P., E.S.) 
screened the above-mentioned databases. Each database 
was searched individually, and search terms were applied 
line by line and replicated in every source. The following 
terms were used for the search: “EEG,” “electroencepha-
lography,” in combination with terms such as “epilepsy,” 
“seizures,” “chromosomal abnormalities,” and “chromo-
somal rearrangements.” The entire process of searching 
relevant papers by two reviewers (period for establishing 
a database of relevant articles) lasted from September 
2023 to October 2023, with numerous subsequent updates 
based on the latest scientific reports.

2.2  |  Study selection and appraisal

Manuscripts were reviewed for titles, abstracts, and en-
tire texts based on the following criteria: The inclusion 
criteria were as follows: (1) original papers; (2) reviews. 
The exclusion criteria were as follows: (1) methodologi-
cal studies, editorials, commentaries, letters, and hy-
potheses; (2) no available abstract; (3) manuscripts in a 
language other than English. Titles, abstracts, and full-
text articles were screened regarding the inclusion cri-
teria by two reviewers. Next, manual search, reference, 
and citation tracking were undertaken by two review-
ers (J.P. and E.S.), who established the final selection 
of papers.

Plain Language Summary: This paper presents EEG recording abnormalities 
in patients with various gene abnormalities that can cause epilepsy. The authors 
summarize these EEG variations based on a literature review to see if they occur 
frequently enough in other chromosomal abnormalities (in addition to those al-
ready known) to be a clue for further diagnosis.

K E Y W O R D S

children, chromosomal complex rearrangements, chromosomal microrearrangements, EEG, 
epilepsy

Key points

•	 Only a few disorders feature a peculiar elec-
troclinical pattern: 1p36, 4p16, 6q terminal or 
trisomy 12p, Angelman syndrome, inv dup 15, 
15q13.3 deletions, ring 20, Down syndrome, or 
Xp11.22–11.23 duplication.

•	 The authors describe clinical presentations of 
the most common micro and macro chromo-
somal rearrangements, such as 17q21.31 mi-
crodeletion, 6q terminal deletion, 15q inv dup 
syndrome, 2q24.4 deletion, Xp11.22–11.23 du-
plication, 15q13.3 microdeletion, 1p36 termi-
nal deletion, 5q14.3 microdeletion, and Xq28 
duplication.

•	 The papers reviewed did not identify any 
specific interictal electroencephalographic 
patterns that were unique and significant bio-
markers for a given chromosomal m​icr​ore​arr​
ang​eme​nt.​​
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2.3  |  Development of the review

The analysis was conducted in the following steps: The 
first step was related to the analysis of selected papers 
based on titles and abstracts, the second step was con-
nected with the analysis of full-text papers and the last 
step included the analysis of the collected data.

3  |   RESULTS

The preliminary search of the database showed 159 stud-
ies, of which 59 were verified based on the entire manu-
script. A total of 43 studies were finally included in the 
analysis.

3.1  |  Complex chromosomal 
rearrangements

Many seizures are connected with rearrangements on 
macro- and microchromosomal levels. Significant chro-
mosomal abnormalities connected with the epilepsy phe-
notype are well recognized (Table 1), and the EEG pattern 
is precisely characterized.

Febrile seizures are more frequent in Angelman and 
Prader-Willi syndromes than in other chromosomal ab-
normalities and more frequent than the prevalence of 
3%–4% in the general population.3 Also, the prognosis 
of IESS with Down syndrome is better than symptom-
atic IESS in the general population.12 The EEG findings 
in many chromosomal abnormalities, like in Prader-Willi 
syndrome, tend to improve over time, most except for 
subjects with refractory epilepsy.1,2 The disappearance of 
epileptiform discharges seems to be an age-related phe-
nomenon rather than a mutation-dependent fact, likewise 
other neurodevelopmental genetic syndromes.2

Although Rett syndrome (RTT) does not belong to 
complex chromosomal rearrangements, it should be 
considered during a differential diagnosis. More than 80 
genes are related to the RTT-like phenotype, and some 
of them are identified as causative for the aRTT or RTT-
like phenotype in these patients: TCF4, CNTNAP2, and 
NRXN1 genes (Pitt-Hopkins syndrome), SHANK3 gene 
(Phelan-McDermid syndrome), UBE3A gene (Angelman 
syndrome), EHMT1 gene (Kleefstra syndrome), SMC1A 
gene (Cornelia de Lange syndrome), and other genes, 
such as STXBP1, SCN1A, SCN2A, SCN8A, GRIN2A, 
GRIN2B, HCN1, SLC6A1, KCNA2, EEF1A2, KCNB1, and 
SYNGAP1 (related to epileptic encephalopathies).17,18 
Since the number of genes responsible for the Rett-like 
syndrome phenotype is constantly increasing, it is cru-
cial to consider the EEG abnormalities in this disease, 

focusing on different stages of abnormal EEG findings in 
Rett syndrome17,18:

1.	 Stage 1: normal.
2.	 Stage 2: focal spikes in the centrotemporal regions.
3.	 Stage 3: abnormal sleep patterns, bilaterally synchro-

nous bursts of pseudoperiodic delta activity, and gener-
alized rhythmic spike discharges.

4.	 Stage 4: slowing of background activity, theta activity 
in central and frontal regions, multifocal epileptiform 
activity in the awake state, and generalized slow spike–
wave activity in sleep.

3.2  |  Chromosomal 
microrearrangements

Paroxysmal abnormalities in chromosomal microrear-
rangements are mainly focal or multifocal (Tables 2 and 
3). The question is about the localization and pattern of 
EEG changes and the possibility of considering them 
as a potential marker. Until now, no peculiar interictal 
electroencephalographic patterns have been identified. 
Antiseizure medications with mono- or polytherapy 
were adjusted to the semiology of seizures. For example, 
in 15q inv dup syndrome, based on published reports, 
valproate was the most effective against generalized sei-
zures, with the decreased frequency used following CBZ, 
LTG, TPM, and LEV.

Among presented microrearrangements there are sev-
eral with the epilepsy syndrome phenotype, for example:

1.	 IESS: 16p13.11, 15q13.3, and 17q21.31 microdeletions, 
5q inv dup syndrome.

2.	 Lennox-Gastaut syndrome: 15q11.1q13.3 duplication, 
5q inv dup syndrome.

3.	 Dravet syndrome (DS): 2q24.4 deletion.
4.	 SeLEAS (Panayiotopoulos syndrome): 6q terminal 

deletion.

The attempt to connect some chromosomal abnormal-
ities to epilepsy syndrome is challenging.

In IESS, pathogenic mutations have been detected 
in over 30 genes, and cyclin-dependent kinase-like 5 
(CDKL5) (~10%), STXBP1 (~2%), and ARX are among the 
most frequent genes observed.33

Although DS is usually caused by loss-of-function vari-
ants in SCN1A, other genes have also been reported to 
produce the Dravet phenotype, including SCN2A, SCN8A, 
SCN9A, SCN1B, PCDH19, GABRA1, GABRG2, STXBP1, 
HCN1, CHD2, and KCNA.34–36

Refractory epilepsy is associated with sudden, unex-
pected death in epileptic patients (SUDEP). The reported 
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incidence of SUDEP by the American Academy of 
Neurology (AAN) and American Epilepsy Society (AES) 
was 0.22 (95% CI 0.16–0.31) per 1000 patient-years in chil-
dren aged 0–17 years.35,37 Sveinsson et al. reported SUDEP 
incidence under the age of 16 years was 1.11 per 1000 
person-years based on Annegers criteria. A Canadian co-
hort study based on Nashef criteria calculated an overall 
incidence of 1.17 (95% CI 0.68–1.88) per 1000 pediatric 
epilepsy-person-years.35,37 SUDEP had been reported due 
to mutations of the following genes: DEPDC5, TBC1D24, 
FHF1, or 5q14.3 deletion. Although in some channelopa-
thies like Dravet syndrome (SUDEP accounts for 49% of 
deaths in Dravet syndrome; 15.84 per 1000 patient-years), 
SCN8A-DEE (risk ranging from 1% to 10%), and dupli-
cation of chromosome 15q11.2q13 SUDEP is reported 
more frequently.36 In the study of Conant et al. 8% of pa-
tients with 5q inv dup syndrome experienced SUDEP.18 
Chromosomal rearrangements involving the 1p36, 5p15, 
and 7q11 regions have also been reported in association 
with periventricular heterotopia, but the genes implicated 
remain unknown.26

The micro-chromosomal rearrangements with clinical 
features resembling known epileptic syndrome pheno-
types are discussed below.

3.3  |  17q21.31 microdeletion

The literature indicates chromosome 17q21.31 microde-
letion as one of the first genomic disorders identified by 
chromosome microarrays.19 It is associated with epilepsy, 
although the specific seizure phenotype has not been well 
described. Koolen et al. reported 22 patients with 17q21.31 
microdeletion,2,38 all presented with global psychomotor 
developmental delay from an early age. Epilepsy had been 
diagnosed in 11 patients (50% of cases). Generalized sei-
zures were observed in 8 patients (36% of cases). Only 1 
patient presented with focal clonic seizures and hypotonia 
48 h after birth. Wray described a child with 17q21.31 mi-
crodeletion and epileptic spasms not specifically described 
in this syndrome, with the onset at the age of 5 months21 
(Table  4). ACTH treatment allowed for the spasms' ces-
sation. Tan et  al.20 presented another 11 patients with 
17q21.31 microdeletion, and the significant EEG and 
CNS findings are shown in Table  5. Table  6 presents an 
evolution of EEG recordings as a function of age in a male 
patient with 17q21.31 microdeletion.39 That patient experi-
enced epilepsy onset at the age of 11 years with hemiclonic 
seizures preceded by the expression of fear. The treatment 
with valproic acid was partially effective, but since the in-
troduction of oxcarbazepine, he has been seizure-free. A 
brain MRI performed at the age of 11 years showed partial 
corpus callosum agenesis.C
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3.4  |  6q terminal deletion

The first clinical description of patients with 6q termi-
nal deletion was reported in 1975. Lesieur-Sebellin et al. 
presented 22 case series of fetuses diagnosed with a pure 
6q deletion.40 The ultrasound findings showed cerebel-
lar hypoplasia, ventriculomegaly, and corpus callosum 
abnormalities as the most common (70%), while gyration 
abnormalities occurred in 46% of patients. Cerebral heter-
otopia, aqueductal stenosis, vertebral malformations, dys-
morphic features, or kidney abnormalities were described 
as rare. The distinctive EEG patterns are presented below. 
Elia et al.25 reported 5 patients with 6q terminal deletion 
(Table 6).

3.5  |  15q inv dup syndrome

The authors indicate that most children with small inv 
dup(15)s characterize with a normal phenotype, while 
large inv dup(15)s are usually associated with multiple 
abnormalities. Still, little is known about EEG patterns 
and brain MRI findings in 15q inv dup syndrome. Verrotti 
et al. summarized the seizures' semiology in 144 patients 
with 15q inv dup syndrome,6 shown in Table 7.

3.6  |  2q24.4 deletion

The EEG picture is typical of the classical DS with severe 
drug resistance, mild to severe mental retardation (MR), 
autistic behavior, ataxia, and muscle hypotonia.29

3.7  |  Xp11.22–11.23 duplication

Broli et al. summarized the clinical features of Xp11.22–
11.23 duplication patients31 (Table 8).

3.8  |  15q13.3 microdeletion

15q13.3 microdeletions have been associated with vari-
ous neurodevelopmental disorders, such as autism, 
intellectual disability, language disorders, psychiatric 
disorders, or schizophrenia.3,20 The prevalence of this 
mutation in the general population is estimated at 1 in 
40 000, and in samples submitted for array comparative 
genomic hybridization (aCGH), it is as high as 1 in 450–
600. Whitney et al. reported 13 patients with the follow-
ing microdeletion.20 Thirteen children (9 females) were 
included in the study. The median age was 12 years, and 
the ages of children ranged from 3 to 15 years. Absence T
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seizures dominated, and 5 children presented with spike 
and slow wave, and 11 with generalized spike–wave on 
the EEG.

3.9  |  1p36 terminal deletion

1p36 terminal deletion occurs approximately in 1 out of 
5000 to 10 000 live births and is the most common sub-
telomeric microdeletion observed in human.27 Epilepsy 
is an important feature in patients with the following 
deletion syndrome. Greco et al. presented a great review 
of seizure occurrence and EEG findings in patients with 
1p36 terminal deletion.27 Thirty-one cases of focal spikes 

in interictal EEG at the onset, particularly 7 rolandic, 
18 temporal-posterior or temporooccipital, 1 right cen-
trotemporal, 1 bilateral frontal, and 4 no specific focal 
spikes. On the other hand, there were 20 cases of multifo-
cal or generalized spikes or polyspikes, spike, and wave 
discharges in 10 cases: sharp waves in 4, slow waves in 5, 
and theta waves in 1. Abnormal delta-theta wave activity 
mainly on the posterior temporal–parietal-occipital areas 
and asymmetry of slow activities were observed in most 
patients. In 31 epilepsy patients, the EEG was normal, 
whereas 29 showed a hypsarrhythmic EEG pattern. The 
most common neuroimaging findings were enlargement 
of the lateral ventricles in 76 (40.6%) patients (in 41 pa-
tients associated with cortical atrophy) and global cerebral 

T A B L E  6   Epilepsy in 6q terminal deletion (according to Elia et al. 25).

Patient
Epilepsy- age 
at onset Seizure type

Seizure frequency 
at the onset EEG findings

Male 19 11 months Cyanosis, vomiting, and loss of 
consciousness

>1/month SW complexes over the right 
parietotemporooccipital regions

Male 4 4 months Vomiting, head and eye deviation, 
hypertonia, and loss of contact

>1/month High-voltage theta and delta waves 
over the posterior regions

Male 12 18 months Cyanosis, vomiting Daily SW complexes over the posterior 
regions

Female 9 4 years Cyanosis, clonic jerks, vomiting, and 
loss of contact

Daily SW complexes over the posterior 
regions

Female 26 3 years Cyanosis, vomiting, and loss of 
contact

Monthly SW complexes over the 
parietotemporooccipital regions

Abbreviation: SW, spike-and-wave.

T A B L E  7   Epilepsy in 15q inv dup syndrome (according to 
Verrotti et al. 6).

Seizures type
Number of patients 
(out of 144) %

Generalized tonic–clonic 38 40.43

Epileptic spasms 30 31.91

Atypical absences 23 24.47

Status epilepticus 18 19.15

Generalized tonic 4 4.26

Complex partial 2 2.13

Generalized clonic 2 2.13

Axial tonic 1 1.06

Partial with secondary 
generalization

1 1.06

Focal 28 29.79

Tonic 27 28.72

Atonic 26 27.66

Myoclonic 25 26.60

Unconfirmed 4 4.08

Drop attack 2 2.13

T A B L E  8   The clinical features of Xp11.22–11.23 duplication 
(Broli et al. 31).

Seizures type
Number of patients 
(out of 144) %

Generalized tonic–clonic 38 40.43

Epileptic spasms 30 31.91

Atypical absences 23 24.47

Status epilepticus 18 19.15

Generalized tonic 4 4.26

Complex partial 2 2.13

Generalized clonic 2 2.13

Axial tonic 1 1.06

Partial with secondary 
generalization

1 1.06

Focal 28 29.79

Tonic 27 28.72

Atonic 26 27.66

Myoclonic 25 26.60

Unconfirmed 4 4.08

Drop attack 2 2.13
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atrophy in 62 patients (33%). White matter abnormalities 
were observed in 21 patients (11%), and polymicrogyria in 
4 patients (2%). Other abnormalities, such as thin corpus 
callosum, cortical hypoplasia, Chiari malformation, or 
subependymal were also observed.

3.10  |  5q14.3 microdeletion

Brain malformations, intellectual disability, and epi-
lepsy are associated with 5q14.3 microdeletion syn-
drome. Cardoso et al. reported 3 patients with 5q14.3.41 
In patient 1 (7-year-old boy), the seizures occurred at the 
age of 1 year and were described as febrile seizures. At 
6 years, generalized tonic–clonic seizures appeared. The 
EEG showed normal background activity with no epilep-
tiform discharges. Patient 2 (a 5-year-old girl) presented 
with refractory epileptic spasms at 9 months. The EEG 
revealed poorly organized background activity and mul-
tifocal epileptiform discharges. Patient 3 (a 5-year-old 
boy) presented with episodes of unresponsiveness last-
ing 10–20 s, occurring many times a day. Later, at the age 
of 18 months, the mentioned episodes ceased, but iso-
lated myoclonic jerks appeared. EEG recordings showed 
bursts of multifocal and bilaterally synchronous epilepti-
form activity.

3.11  |  Xq28 duplication

Duplication of the Xq28 region, involving MECP2 (dup-
MECP2), has been primarily described in males with se-
vere developmental delay, spasticity, epilepsy, stereotyped 
movements, and recurrent infections. Loss-of-function 
mutations of the MECP2 gene lead to Rett syndrome 
(RTT).

The limitation of the study is the narrative form of a 
review.

4  |   CONCLUSIONS

A unique interictal EEG pattern does not exist in many 
micro chromosomal abnormalities. The authors would like 
to stress the importance of describing novel patients to bet-
ter characterize epilepsy patterns and EEG abnormalities. 
The treatment strategy may be based on clinical findings. 
Too few patients and an incomplete description of the sei-
zure semiology in many reports make it often difficult to 
identify precise genotype–phenotype correlations. Further 
research must be conducted to better understand epileptic 
syndromes and chromosomal rearrangements.
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