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ABSTRACT

Introduction: Epilepsy is the most common neurological disorder in the pediatric population, of different etiology.
30% of children have drug-resistant epilepsy affecting their cognitive function, leading to worsening of the prognosis,
serious psychosocial consequences, difficulties in care and quality of life, anxiety in the family, as well as an increase
in the risk of death. Idiopathic ones, have a genetic basis. ANKRD11 genetic mutation is associated with epilepsy.
ANKRD11 is the main gene responsible for KBG syndrome, characterized by seizures, delayed closing of fontanels,
and electroencephalographic (EEG) abnormalities. Up to date a systemic review of epilepsy and EEG abnormalities
with KBG syndrome is not sufficient.

Aim: This case report aims to contribute to identifying a specific electroclinical pattern of KBG syndrome.

Case report: We report a patient presenting with a drug-resistant, monogenic epilepsy syndrome, due to ANKRD11
pathogenic de novo variant found by TES associated with the KGB syndrome. We report the electroclinical pattern of
epilepsy associated with KBG and outline the clinical features of the epileptic seizures and EEG features of this
patient.

Conclusion: The boy suffered from focal to tonic-clonic seizures, treated with various AEDs for seizure control. Even
though our result cannot be conclusive, we hypothesize that the represented EEG pattern may help to characterize

the phenotype of KBG syndrome.

Key Clinical Message: EEG pattern together with the epilepsy and seizure type, dysmorphic facial features, ID, and
behavioral disorders, may help to characterize the phenotype of KBG syndrome.

KEYWORDS:

epilepsy, drug-resistant epilepsy, KBG, EEG, ANKRD11 mutation

INTRODUCTION orderly pattern. The etiology of epilepsy can be different,
including structural, genetic, infectious, metabolic, and
immune causes, but most often the cause is unknown,

Epilepsy is a common neurological disorder affecting more which occurs in 40% of people with epilepsy. Despite the
than 70 million people around the world. It is the most recent introduction of new antiepileptic drugs (AEDs),

common neurological disorder in the pediatric population, about one-third of epilepsy patients have drug-resistant
affecting 1% to 3% of children, and is defined as any (refractory) epilepsy, affecting about 30% of children with
disorder in which spontaneous recurrence of unprovoked epilepsy.

seizures is the main symptom. A seizure is usually defined

as a sudden alteration of behavior due to a temporary Refractory epilepsy, which is the most severe form of
change in the electrical functioning of the brain, that epilepsy, according to the international league against

continuously generates tiny electrical impulses in an epilepsy (ILAE), is defined as failure to control seizures
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when using two or more appropriately chosen and
tolerated antiepileptic drugs (as monotherapy or in
combination) during an appropriate period. Severe and
refractory epilepsies in children affect their cognitive
function, leading to worsening of the prognosis, serious
psychosocial consequences, difficulties in care and quality
of life, anxiety in the family, as well as an increase in the
risk of death, including unexpected death in epilepsy
(SUDEP).

The expansion of genetic research and technologies in
recent years and the advances in next-generation
sequencing (NGS) have shown that a large proportion of
unexplained epilepsies, especially idiopathic ones, have a
genetic basis. Numerous epilepsy genes helped the
understanding of mechanisms underlying epileptogenesis
and guided the development of treatments.

ANKRD11 gene encodes the protein ankyrin repeat domain
11 (ANKRD11), which is found in the neurons in the brain.
The ANKRD11 protein functions as a co-regulator in the
developing brain, playing a critical role for the neural
proliferation, for the genesis and positioning of newborn
neurons, for neuronal plasticity (ability of neurons to
change and adapt over time), which is important for
learning and memory.

The role of the ANKRD11 gene in neurodevelopment was
suggested by subsequent reports of individuals with
intellectual disability, facial dysmorphism, and ASD. In
1975, Herrman et al, first described the KBG syndrome, a
neurodevelopmental autosomal dominant disorder,
caused by the haploinsufficiency of the ANKRD11 at
16q24.3 locus due to heterozygous pathogenic variants or
chromosomal imbalances/rearrangement such as point
mutations, duplications or microdeletions involving this
gene.

KBGS is characterized by global developmental delay (DD),
disability ~ (ID), learning difficulties,
neurobehavioral problems, short stature, macrodontia,
facial dysmorphism, skeletal anomalies, and multiple

intellectual
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congenital anomalies, sometimes associated with seizures,
delayed closing of fontanels and electroencephalographic

(EEG) abnormalities. So far, there have been reported more
than 200 cases of KBG syndrome.

The diagnosis of KBG syndrome is established, by the most
commonly used criteria of Skjei et al. and Low et al. A
diagnosis of epilepsy, a major criterion, according to Skjei
etal, and a minor criterion according to Low et al. has been
reported in approximately 30% of patients in a systematic
review of 140 patients with KBG syndrome. The onset of
epilepsy is predominantly between infancy and mid-teens
and seizure remission occurred in the majority after
adolescence with good response to AEDs. Heterogeneous
seizure types have been reported, with tonic-clonic
seizures, absences, myoclonic seizures, and unclassified
sleep-related seizures with motor symptoms being most
common, but no specific epilepsy syndrome has been
identified.

Detailed classification of the seizures, epilepsy type, or
syndrome was only made in 26 patients from 12 studies.
Only two patients had an epilepsy syndrome classification.
No genotype-phenotype correlation studies have been
performed for the presence and type of epilepsy in patients
with KBG syndrome. Generalized epilepsy with febrile
seizures plus (GEFS+) is reported in a de novo mutation of
the ANKRD11 gene, with a clinical phenotype compatible
with KBG syndrome.

A systemic review of epilepsy and EEG anomalies in
subjects with KBG syndrome is deficient. Samanta first
described in a patient an intermittent bisynchronous
temporo-occipital rhythmic delta activity and episodes of
staring spells with no EEG changes suggesting that these
findings may be specific to KBG syndrome. Here, we report
a patient with a severe neurological phenotype of KBG
syndrome associated with a novel heterozygous frame-
shift de novo variant in the ANKRD11 gene, to contribute to
identifying a specific electroclinical pattern of KBG
syndrome.
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CASE REPORT

We report on a 16-year-old boy, referred to our
department for afebrile unprovoked seizures. He was born
at term by spontaneous vaginal delivery, of healthy
unrelated parents, and with uneventful perinatal and
postnatal clinical course. He did not experience febrile
convulsions, traumatic brain injury, or central nervous
system infections. Over time he was found to have a mild
global learning difficulty that improved over time with
occupational therapy. He was reported by the parents to be
a very shy, quite timid, reticent, and solitary person. Also,
stereotype and behavioral changes were noted. Emotional
and social difficulties were reported by the family. During
clinical assessment, craniofacial dysmorphic features of
KBG syndrome were noted. Regarding the neurologic and
behavioral aspects, the patient had mild intellectual
disability, learning difficulties, and neurobehavioral
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problems such as attention deficit hyperactivity disorder
(ADHD) since childhood. However, he was able to
participate in normal school life without any help.

Targeted exome sequencing (TES) of 4800 clinically
significant genes was performed and a pathogenic
heterozygous variant, NM_001256183.2: c.4407dupgG,
frameshift, was identified in ANKRD11, c.4407dupG, (p.
Arg1470GlufsTer84). As the parental genetic tests
revealed that the parents did not have this frameshift, the
variation was identified as a de novo variant. This variant
was categorized as pathogenic by the American College of
Medical Genetics and Genomics (ACMG) guideline (PVS1,
PS1, PS2, and PM2) and has not been reported earlier. The
variant is absent from control sequences (Genome
Aggregation Database (gnomAD) and no alternative
plausible variants or known mutations were identified as
competing possibilities in this patient.

Seizure type EEG abnormalities Age AEDs Seizure frequency
GTCS Multifocal discharges 8 yo VPA First seizure
GTCS + Focal/ multifocal bursts 9yo VPA+ LTG (ex, ar) 1-2 /month
FS + ACZ
Stabilization No abnormalities 9-11yo VPA + ACZ
GTCS Focal bursts 11yo VPA+ ACZ + LEV 1-2 /week
One FS
GTCS Focal /multifocal bursts 12 yo VPA + ACZ + LEV 1/month
FS Multifocal paroxysmal 13-15yo VPA + ACZ + LEV 1/week
discharges LEV - ex
GTCS Multifocal bursts 15yo 0XC (ex,ar)+ TPM 1/week
VPA -ex
ACZ - ex
GTCS Multifocal bursts 16 yo TPM - ex 2-3/month
+ LTG
GTCS Multifocal bursts nowadays LTG 2-3/year

Table 1: Electroclinical characteristics of epilepsy

Abbreviations: Generalized tonic-clonic seizures= GTCS, focal seizures= FS
Sodium valproate/valproic acid=VPA, Lamotrigine=LTG, Acetazolamide=ACZ, Topiramate=TPM, Levetiracetam=LEV, Oxcarbazepine=

0XC
Allergic reaction=ar, years old=yo, excluded=ex
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His first seizure was a generalized tonic-clonic seizure by
description and occurred at the age of 8 years, when he was
admitted in our clinic, department of neurology. The first
wakefulness interictal EEG showed regular alpha activity,
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associated with occasional multifocal paroxysmal bursts of
high voltage spike-wave complexes (see picture 1).
Treatment with sodium valproate was started. Initially,
there were 1-2 generalized tonic-clonic seizures per month
on average, by the age of 9.
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Figure 1. Wakefulness interictal EEG showing occasional multifocal paroxysmal bursts of high voltage spike-wave coniplexes.

Stabilization of seizures was not achieved, there were also
focal seizures. Therefore, a second AED, lamotrigine, was
added to the treatment. Regarding the allergic reaction due
to lamotrigine, it was discontinued, and the treatment
included acetazolamide. During this period the EEG

findings in wakefulness and post-hyperventilation, showed
occasional multifocal mainly bitemporal bursts of spike-
and-waves, while on sleep EEG revealed occasional
multifocal left-sided frontotemporal and parietooccipital
spike-and-waves bursts (see pictures 2, 3, 4).
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Figure 2. Wakefulness EEG is showing occasional focal bitemporal bursts of spike-and-waves.
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Figure 3. Sleep EEG showing occasional multifocal left-sided frontotemporal and parietooccipital spike-and-waves bursts.

Alili Ademi L, Duma F, and Ademi B (2025), Electro-Clinical Pattern of Epilepsy in A Child with ANKRD11 Mutation
Associated with KBG Syndrome: Case Report of Drug-Resistant Epilepsy; J. Neurology and Neurological Research, 2(1):
DOI: SH-NNR-CR-006. Alili Ademi L


https://sciencehoodpublishing.org/journals/neurology-and-neurological-research-
https://creativecommons.org/licenses/by/4.0/

71

i

.F&.;L"" e '\r"u-"‘ww"“--whw'wvwa- ...-\._n--rq.r-\'_,.,,-\,.,-qll

Neurology and Neurological Research

e B e

Fa-cie’ *’-”-1‘.%““‘«%-*\-%#*.‘-4“*\,»- B N e Nﬁh-“,ﬂ“ﬂ"ﬁ"mww eyt

aj}.‘_%,‘m_hﬁ_ﬁu,‘»_wﬁﬂ P e g LA s P PRI A A ar Ww'l |l it iy g W, MH{\‘#.—.'.J.\H.J
F0 At o el A e Sy g A oy i o M P A P sig 2ApAf

')
il Y
Y T
v
g Nongu Ty
FiLTd» Vs,

)

W*Www%.ml
1 - iy g™
4.*.‘-"1-\..1}'-\-4-\,‘,#-'-3“ PP #m,\mh)ux.mﬁuh_wmmqﬁ’.wwv“ et N

,--"‘J_"'I 1‘\'-%"'-"‘”"“‘*“,. et T | I A L S e

[} ! Y RA A i [
é“w}'ﬁ' Ly r\'l'.'-h":‘rr*:_ -'-l..-""."'*-,, A T e AT .\r;'-_-"""*,l‘l'-\.r'-' I,u_lll“fr-..rl‘_.n‘_‘f-_.l 'r""'m'.- - _,',.,\.J-I-, R POy e ..'",-._.m‘ ,.,’__
-m—'u:;'.'.,,‘.- U ’_r.'I'.'T'-',"-,.'\'l."‘.l""ﬂ"?h*.|'-'.-"""r‘ﬂ.l'r'."-""“...l.l'm("‘P-'” Vi "l“‘rlf. ww'w.""""“""*‘f"'u""'*""*“‘"'""ﬁ-,-""--'u,'r‘r"'-'-'l"'l'a""i.r'"-"-'l-“"‘"'.“"'ﬂ"‘ﬁ"-'-'-f-"" j1lL'JM'""Li\."""“-Jf-"-"""'-'“""'\r"""""\""'-'-'

i
Fr T I, SR Ak ahand “"..'-f»,«.-.-r"m"‘-'-“-"‘*'vwW-,J.»'-’r"'*—u’“'\fu’“"ﬁ"l_,.f'"\'“h T e T A it el
et

CEPT B, ~redy? TN, M-"mp-_,“x--nm*“mff'h_f'ﬂvm’wm'hvw'ﬁr’\‘\m“'wf’ﬂ"pre‘.-ﬂ’ P ¥ I i it o et

At

A 3

g P ¥ e T N
FplFa @ e r,-'- f = "'F\\...p,"-;.n‘-v' I i

5

i o MR

- H { M g . Py
L . N V iy s . P pim S _\_,-—"\.!,r| P «.,—l-M-q.\_m-..u.ﬂaq,_—\.u-\_nq.-\.ﬂ-. WA, e B
FRCie ._,wu-uf.--ﬁ.ﬂf‘_;v-“,..- ™ N S e g ¥ M-l'.i"_-v-f s "

2ol . A
CHPR e FA W P VW o Wi B T L | ;"4' R i L Lt LT R RN

Y

" .--"l. Wl = ] M, e A | L 1 A [T A g "1---'-"" AN 5 B
A lq:!'."‘_#'\;r'_.l‘bu""ﬂ i fpull |i fﬁ’u'l-,'.‘" .I'b -’_'M-'"“-" Il__-..lr'|il'r:| 1':\-'!"1\] r,'l"lll'lr"""fljll"‘l "'l'rl o W e W W e "\,\!L,- A 'I"AJJ L"l'll' H-'WY"‘.'\__. ,,fdall-__f Wy "l",,'-' W 'er,-_

P\
f ey

L " et A
l;-.r.m‘h- M/

i

F:-::'i.F;.l'i."‘I:rr\:.%*H

—a“-.-_.-'-,n'ﬂf"l-m-’-“'n-“\w»"m
TRl A M .‘\m‘rr"r-.‘\' -nr".h"'"ll""‘"- ‘_,,,_-1-\1 H"... ey “II,,I‘I\- l“l-‘h'-“": m_ﬂ{i rr",-'\,l"h W'I,Ji 1‘.,.'\-9-.*,-\% J""‘rﬂwlwm‘.--,n» J_,_q-\.-lh‘h- 'd-w\.-_-",l. P N
Al ] K

q-\,'-.-.*-ll"-"‘""'-LA",.M-“"'F""'-""M'yr'r"h'mﬂﬂwli‘*w" P P e e S “W\hq-_-WU-\.LW._ﬂﬂ._

J,_hﬁfv""-"x,_«“w_.&-. R W L B

U ;

| " Mol . sl A M s LT v
T'sqr.'-,:.-;r,m.w’.“" Ve egestiliphpontnagnf el 1”"|““'H“.1'1“"h “"rw.n-}'lﬁr'" T e N e
= ¥ . -

Figure 4. Post-hyperventilation EEG shows occasional multifocal mainly bitemporal bursts of spike-and-waves

A period of seizure freedom occurred from age 9 to 11
occurred after commencing acetazolamide. There was no
history of absence seizures or myoclonic seizures,
meanwhile, episodes of staring spells with no EEG changes
were noted. The follow-up wakefulness EEG findings
showed stabilization, meaning a regular brain activity of
alpha rhythm with isolated right-sided spike-and-wave
bursts.

Thereafter, followed a period of frequent twice-a-week
generalized tonic-clonic seizures and one focal epileptic
seizure. Levetiracetam was included in the antiepileptic
treatment. Repeat wakefulness EEG findings showed focal
bursts of left-sided parieto-occipital and temporal spike-
wave discharges. (see picture 5). Epilepsy protocol
magnetic resonance imaging of the brain was normal.
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Figure 5. Wakefulness EEG findings showing focal bursts of left-sided parieto-occipital and temporal spike-wave discharges.

A round two-year period of focal seizures followed, and the
wakefulness EEG findings showed regular alpha activity
with multifocal bilateral paroxysmal discharges of spike-
and-wave 2 ¢/s, lasting 3-4 seconds (see picture 6).

During a period of a year, the boy had one tonic-clonic
generalized seizure per month, and no focal seizures were
noted. The wakefulness EEG findings revealed basic brain
activity of regular alpha rhythm with intermittent photic
stimulation and hyperventilation activation of focal bursts
of frontal and temporal spike-and-waves.
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_Figure 6. Wakefulness EEG findings show multifocal bilateral paroxysmal discharges of spike-and-wave 2 c/s, lasting 3-4 seconds.

The patient was not seizure-free for a long period of time.
He had tonic-clonic generalized epileptic seizures once a
week in the following years. In the epileptic treatment
another AED, oxcarbazepine, was added. The EEG findings
during this period showed focal bursts of right-sided spike-
and-wave. After a short period of time, exactly a two-week
period, oxcarbazepine was excluded, due to allergic
reaction regarding the drug, and topiramate was added.
Valproate was excluded from the treatment.

The period that followed was characterized by 2-3 tonic-
epileptic month.
Topiramate was excluded and lamotrigine was added. No

clonic generalized seizures per
allergic reaction was noted. For a short period of a few
months, he was seizure-free. Now the patient is on
treatment with lamotrigine, he is not seizure-free
completely, but stabilized and has only a few seizures per
year. The follow-up wakefulness EEG findings showed
regular beta rhythm with right-sided multifocal bursts of

spike-and-slow waves.

His seizures proved difficult to control from age 12 when
generalized tonic-clonic seizures recurred reaching a
frequency of up to 2-3 seizures per month, despite trials of
lamotrigine, levetiracetam, and topiramate. A trial of
topiramate in combination with lamotrigine led to a
marked reduction in seizure frequency, reducing to three
generalized tonic-clonic seizures in the year following
treatment initiation.

DISCUSSION

Epilepsy and EEG abnormalities are frequently reported in
KBG patients. Most often present with generalized or
combined generalized and focal epilepsy with onset in
childhood. Literature data are limited, incomplete, and
inconclusive to identify a specific electroclinical pattern.
Various seizure types have been reported in the literature,
with tonic-clonic generalized seizures being the most
frequent seizure types. Focal seizures are also rarely noted.
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Moreover, many cases of generalized and focal EEG
abnormalities without clinically evident seizures have
been reported. In most of the KBG syndrome patients with
epilepsy, seizures are drug-resistant. Moreover, epilepsy in
patients with KBG syndrome is associated with poorer
developmental outcomes.

We report a boy presenting with a drug-resistant,
monogenic epilepsy syndrome, due to ANKRD11
pathogenic de novo variant found by TES associated with
the KGB syndrome. This variant has never been reported
so far in the literature. The reassessment of phenotypic
features confirmed that he fulfilled the proposed
diagnostic criteria for KBG syndrome.

CONCLUSION

We outline the electroclinical pattern of epilepsy in KBGs,
types of the epileptic seizures and EEG features of this
patient. He suffered from focal to tonic-clonic seizures,
treated with various AEDs, making a drug-resistant
epilepsy diagnosis. Even though our result cannot be
conclusive, we hypothesize that the represented EEG
pattern together with the epilepsy and seizure type,
dysmorphic facial features, ID, and behavioral disorders,
may help to characterize the phenotype of KBG syndrome.
Future studies regarding these issues may outline the
electroclinical pattern in a larger series of patients with
KBG syndrome. Moreover, further research on genotype-
phenotype correlations in large number of patients with
KBG syndrome is encouraging.
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