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ARTICLE INFO ABSTRACT

Keywords: Objectives: This study aimed to evaluate seizure semiology, electroencephalogram (EEG), magnetic resonance
Child' ) imaging (MRI), and genetic findings, as well as treatment choices in Rett syndrome (RTT).

Genetic variants Methods: A retrospective analysis was conducted on one hundred and twenty cases diagnosed with RTT with a

Rett syndrome

Enil genetic mutation. Data were obtained from nine participating centers.
pilepsy

Results: In this study, 93.3 % of patients were female, with typical RTT found in 70 % of cases. Genetic etiology
revealed MECP2, FoxG1, and CDKLS5 in 93.8 %, 2.7 %, and 1.8 % of cases, respectively. Atypical RTT clinics were
observed in 50 % of male cases, with the first EEG being normal in atypical RTT cases (p = 0.01). Generalized
tonic-clonic and myoclonic epilepsy were the most common seizure semiologies, while absence and focal
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epilepsy were less prevalent. Valproate, levetiracetam, lamotrigine, and clobazam were the most commonly used
antiepileptic drugs, affecting the severity and frequency of seizures (p = 0.015, p=<0.001, p = 0.022, and
p=<0.001, respectively). No significant differences were observed in EEG findings. The initiation of anti-seizure
medications significantly altered seizure characteristics (Table 4). A ketogenic diet and vagal nerve stimulation
(VNS) correlated with a 50 % improvement in cognitive function, while steroid treatment showed a 60 %
improvement. Remarkably, seizures were substantially reduced after VNS application.

Conclusion: This study underscores the importance of genetic diagnosis in RTT cases with a clinical diagnosis.
These preliminary results will be further validated with the inclusion of clinically diagnosed RTT cases in our

ongoing study.

1. Introduction

Rett syndrome (RTT), first described by Andreas Rett in 1966, stands
as a complex neurodevelopmental genetic disorder (Bianco and Rota,
2018). The incidence of RTT was approximately 1 in 10.000, primarily
affecting females (Lucariello et al., 2016) The identification of mutations
in the X-linked methyl-CpG binding protein gene 2 (MECP2) by Amir
et al. in 1999 marked a pivotal moment in understanding the underlying
genetic basis of RTT (Amir et al., 1999). It has been observed that the
clinical manifestations of genes detected other than MECP2 are
different. In patients with cyclin-dependent kinase-like 5 (CDKL5) mu-
tations, early-onset seizures (usually around 3-5 months), severe intel-
lectual disability, and marked motor developmental delay have been
identified (Evans et al., 2005). The definition of the congenital variant of
RTT has been associated with mutations in the Forkhead box protein G1
(FOXG1) gene in the literature, and agenesis or hypoplasia of the corpus
callosum are common features observed (Ariani et al.,2008)

In 1985, Hanefeld classified the progression of the disease from Stage
I to Stage IV (Gold et al., 2018). Initially, patients exhibit apparently
normal development, but between 6 and 18 months of age, they undergo
a period of developmental stagnation (Stage I), failing to meet mental,
cognitive, and motor milestones. During this phase, head circumference
growth decelerates. Stage II is characterized by rapid developmental
regression, leading to the loss of purposeful hand movements and verbal
skills. Microcephaly worsens, and breathing irregularities and seizures
may arise. Stage III represents a pseudo-stationary plateau, with mild
cognitive interest recovery but severe diminishment of purposeful hand
and body movements. In Stage IV, motor deterioration occurs, often
lasting for decades, rendering many patients dependent on wheelchairs
and/or gastrostomy tubes (Dolce et al., 2013; Kyle et al., 2018).

Typical RTT features include the loss of spoken language and hand
skills, including distinctive hand stereotypies, and ambulation problems
(Bianco and Rota, 2018; Neul, 2019). A period of stabilization often
follows regression, and in some cases, improvement may even occur.
The diagnostic criteria for atypical RTT necessitate the presence of
regression along with 2 of the 4 primary criteria, in addition to meeting
5 out of the 11 supportive criteria (Neul et al., 2010). For understanding
the classification of RTT, figure has been presented below including the
mentioned criteria for diagnosis (Neul et al., 2010; Chahil and Bollu,
2023). Beyond its core symptoms, RTT is frequently accompanied by
comorbidities such as epilepsy, necessitating a comprehensive approach
to its management (Dolce et al., 2013).

As pharmacological and genetic treatments emerge, rehabilitation
research becomes crucial to optimize functional abilities, especially with
the advent of gene therapies and disease-modifying treatments for RTT
(Fabio et al., 2014; Lim et al., 2020).

This study, conducted across nine centers, seeks to delve into the
multifaceted dimensions of RTT, particularly focusing on seizure semi-
ology, electroencephalogram (EEG) patterns, magnetic resonance im-
aging (MRI) findings, and genetic mutations. We anticipate that this
research will significantly contribute to the Rett syndrome database in
our country, shedding light on the frequency of genetic diversity and its
correlation with the clinical stage, seizure.

2. Materials and methods

Patient files from nine selected centers, approved by the ethics
committee, were retrospectively examined between December 2021 and
February 2022. This study aimed to collect information on various as-
pects of patient management, including treatment modalities (antiepi-
leptic medication, steroids, vagus nerve stimulation, ketogenic diet,
resective surgery), clinical findings, identified genetic mutations, elec-
troencephalography (EEG), magnetic resonance imaging (MRI), seizure
semiology, frequency, and other relevant data.

Approval for the study was obtained from the ethics committee of
Karadeniz Technical University Faculty of Medicine (approval number:
2021/382) prior to initiation.

In this study, the classification of statistical data based on genetic
mutation type is planned. The MECP2 gene mutation will constitute one
group, while other gene mutations (FOXG1, CDKL5) will be planned as
the second group. The comparison of clinical data, clinical stages, EEG,
and MRI findings is aimed according to mutation groups.

All data of cases followed with the diagnosis of RTT syndrome will be
collected from centers in a standardized form by conducting a literature
review. A detailed clinical classification and staging are indicated in the
form.

The data were classified according to age as 0-2, 2-4, 4-10 and over
10 years old.

In the study, EEG findings and changes in seizure frequency and
intensity are also classified according to the criteria defined in the form.
Pathological epileptiform activities (EA) recorded every 10 seconds in
the EEG trace taken for twenty minutes will be collected retrospectively
from centers, and the average of these identified EAs will be calculated.
Comparison of these data before and after treatment is planned.

Seizure durations and frequencies will be obtained from file infor-
mation recorded in all centers, and data before and after treatment will
be compared. Seizure frequency will be classified as weekly, monthly, or
cases with no seizures.

Cognitive assessment is planned to be conducted by comparing the
results of cognitive tests administered to patients before and after
treatment. It is planned not to include the data of patients who do not
have these test results in their files in the study.

Statistical analysis was performed using SPSS 26.0. Descriptive sta-
tistics were applied to evaluate the results, presenting numbers, per-
centages, mean, standard deviation, median, and minimum-maximum
values for categorical variables. For numerical variables, mean, standard
deviation, median, and minimum-maximum values were provided. The
normal distribution of data was assessed using the Kolmogorov-Smirnov
and Shapiro-Wilk tests.

For measures conforming to a normal distribution, the independent
t-test or ANOVA was utilized, while the Mann-Whitney U test, Wilcoxon
test, or Kruskal-Wallis Analysis of Variance was applied for measures
deviating from normal distribution. The McNemar test was employed to
compare parameters before and after antiepileptic drug use. Pearson and
Spearman correlation tests were conducted to identify correlations be-
tween measurement variables. The significance level for all statistical
analyses was set at p<0.05.
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3. Results

This study included 120 cases diagnosed with Rett syndrome
genetically and followed up at 9 centers in Turkey, with 93.3 % of them
being female. The most common identified mutation was MECP2
(n:111). The other identified genetic mutations were FOXG1 (n:6) and
CDKL5 (n:3). In 75 % of the 8 male RTT cases, MECP2 mutation was
detected, while FOXG1 mutation was found in 25 %, and no case with
CDKL5 mutation was identified among males. MECP2 mutation was
detected in 72 % of 84 cases with typical RTT, and 71.4 % of these cases
were female. While 50 % of males had atypical RTT, 28.6 % of females
had atypical RTT, but the difference was not statistically significant (p=
0.239). The incidence of RTT clinical stages is as follows: stage 1 is
12.5 %, stage 2 is 42.5 %, stage 3 is 29.2 %, and stage 4 was found to be
15.8 %.

The average age of the patients participating in the study group was
36.56 months (ranging from 0 to 192 months). While 42.5 % of the
patients were 2—4 years old, 12.5 % of the cases were under 2 years of
age (p=0.209). It was found that 35.7 % of patients over the age of four
were admitted to the hospital with generalized tonic-clonic seizures
(p=0.06). While the seizure frequency of patients between the ages of 2
and 4 was once a year, it was determined that the seizure frequency of
patients over the age of 4 was at least once a month. When the cases with
normal initial EEG findings were classified according to age, it was seen
that 40 % of the cases were between the ages of 2-10.

Analyzing the seizure semiology in the cases, generalized tonic-
clonic (23.4 %), myoclonic (13.5 %), and focal onset aware (14 %)
seizures were the most frequently observed types, while behavior arrest
(7.2 %) and generalized atonic seizures (1.8 %) were the least common.
The median age at the onset of the initial seizure was 24. Upon analyzing
the seizure frequency in patients prior to drug treatment, it was observed
that 27.5 % of individuals experienced no seizures, whereas 19.2 % had
seizures on a daily basis.

The most common clinical symptoms and findings in the study are
pervasive developmental delay (96.7 %), decreased interest in the
environment (93.3 %), mental retardation (91.7 %), language loss
(90 %), autistic symptoms (85 %).,8), stereotyped movements (81.7 %)
and microcephaly (77.5 %), while hepatosplenomegaly and prolonged
QTc were the least detected manifestations. Change in sweating, hep-
atosplenomegaly, gastroesophageal reflux, prolonged QTc were among
the findings seen only in cases with MECP2 mutation. Comparing to
genetic mutations, none of the clinical manifestations showed a statis-
tically significant difference. The clinical features identified in patients
diagnosed with RTT are extensively detailed in Table 1.

The specified features of typical RTT, including speech regression,
stereotypical hand movements, disturbances in gait and posture while
walking, and loss of manual skills, were observed in over 80 % of pa-
tients and were these were the reasons for referrals to the centers. The
clinical features specified for the typical RTT cases have been detailed in
Table 2 with no significant differences according to genetic mutations.
Gender, clinical type, clinical stage, consanguinity, mutation type, and
changes in EEG were compared according to the presence of seizures,
and no statistically significant differences were found. The data is pre-
sented in Table 3.

The first EEG finding was normal in 52.2 % of cases, with atypical
RTT, while 24.7 % of cases with abnormal findings had atypical RTT,
and the difference was found to be statistically significant (p=0.010). Of
the 6 cases with burst-suppression detected in EEG, 66.7 % were typical
RTT. MECP mutations were present in 87 % of cases with normal initial
EEG findings. In cases with identified FOX mutations, all had normal
initial EEG findings, while in cases with CDKL5 mutations, all had
pathological initial EEG results. Among cases with EEG findings, burst
suppression was observed in 5 %, and 69.2 % showed epileptiform ac-
tivity (46 cases generalized, 37 cases multifocal, 15 cases focal), while
31.7 % of cases exhibited a slow background EEG rhythm.

Detailed examination of the MRI findings revealed that the most
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Table 1
The clinical manifestations identified in patients diagnosed with RTT based on
identified genetic mutations.

Clinical manifestation Cases with Cases with Total case  p-
MECP2 the other value
mutation genetic

mutations
(CDKLS5,
FOXG1)

Microcephaly 85 (76.6) 8 (88.9) 93 (77.5) ,682

Dysmorphic face 32 (28.8.) 3(33.3) 35 (29.2) ,719

Pervasive 108 (97.3) 8(88.9) 116 (96.7) ,271

developmental
delay

Mental retardation 102 (91.9) 8 (88.9) 110 (91.7) ,556

Decreased interest 103 (92.8) 9 (100) 112 (93.3) 1000

Loss of language 100 (90.1) 8(88.9) 108 (90.0) 1000

Autonomic 32(28.8) 1(11.1) 33(27.5) ,441

dysfunction

Change in sweating 21 (18.9) 21 (17.5) ,357

Difficulty swallowing 36 (32.4) 4 (44.49) 40 (33.3) ,479

and chewing

Malnutrition 54 (48.6) 4 (44.49) 58 (48.3) 1000

increased salivation 49 (44.1) 4(44.9) 53 (44.2) 1000

Hepatosplenomegaly 3(2.7) 3(2.5) 1000

Constipation 48 (43.2) 4 (44.49) 52 (43.3) 1000

Gastroesophageal 19 (17.1) 19 (15.8) ,352

reflux

Tachypnea 33(29.7) 4 (44.4) 37 (30.8) ,455

Apnea 34 (30.6) 5(55.6) 39 (32.5) ,148

Hyperventilation 31 (27.9) 5 (55.6) 36 (30) ,126

Prolonged qtc 1(0.9) 1(0.8) 1000

Sleep disorders 77 (69.4) 4 (44.4) 81 (67.5) ,148

Meaningless screams 59 (53.2) 5 (55.6) 64 (53.3) 1000

Autistic symptoms 95 (85.6) 8 (88.9) 103 (85.8) 1000

Hypotonia 56 (50.5) 4 (44.9) 60 (50) 1000

Spasticity 61 (55) 3(33.3) 64 (53.3) ,301

Ataxic walking 59 (53.2) 4 (44.4) 63 (52.5) ,734

Myoclonus 66 (59.5) 5(55.6) 71 (59.2) 1000

Choreiform 72 (64.9) 5 (55.6) 77 (64.2) ,720

movements

Steriotype 92 (82.9) 6 (66.7) 98 (81.7) ,363

Table 2
The clinical features specified for the typical RTT.
Clinical Feature specified for typical RTT Total number (%) p-value
e MECP2: n (%)
e Other genes: n
(%)
Speech regression 113 (94.2) p =,087
e 106 (93.8)
o 7(6.2)
Loss of manual skills 100 (83.3) p =,644
e 93 (93)
o 7(7)
Stereotypical hand movements 107 (89.2) p =252
e 100 (93.5)
e 7(6.5)

e Hand clenching 73 (60.8)

e Hand washing 39 (32.5)

e Hand flapping 51 (42.5)

Disturbances in gait and posture while 106 (88.3) p=1000

walking e 98 (92.5)
e 8(7.5)

frequently encountered pathological findings were cerebral atrophy
(17.1 %), mesial temporal sclerosis (6.3 %), thinning of the corpus
callosum (3.6 %), cerebellar atrophy (3.6 %), regression in myelination
(2.7 %), and perviventricular enlargament (2.7 %), in that order. The
thinning of the corpus callosum (n:1 in CDKL5, n:2 in FOXG1) and
regression on myelination (n:1 in CDKL5, n:2 in FOXG1 were common in
other genetic mutations than in MECP2 mutations, and the difference
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Table 3
A comparison of the data findings according to the presence and absence of
seizures is given.

Presence of seizures ~ Absence of seizures P value
n (%) n (%)

Gender

Male 4(13,3) 4(13,3) 0106
Female 86 (95,6) 26 (86,7)

Consanguinity between parents

Yes 77 (85,6) 26 (86,7) 1000
No 13 (14,4) 4(13,3)

Clinical type

Atypical 27 (30,0) 9 (30,0) 1000
Typical 63 (70,0) 21 (70,0)

Clinical stage

Stage 1 10 (11,1) 5(16,7) NA
Stage 2 36 (40,0) 15 (50,0)
Stage 3 27 (30,0) 8(26,7)
Stage 4 17 (18,9) 2(6,7)

Mutation

MECP2 83(92,2) 28 (93,3) 1000
Other mutations 7 (7,8) 2(6,7)

Changes in EEG* (n=89)

No change/Deterioration 38 (46,3) 6 (85,7) 0058
Improvement 44 (53,7) 1(14,3)

Cognitive improvement

No 81 (90,0) 28 (93,3) 0729
Yes 9(10,0) 2(6,7)

Total 90 (100) 30 (100) 120

* Missing data exist.

was statistically significant (p=0.009, p=0.005; respectively). Differ-
ences between clinical classification based on identified genetic muta-
tions and stage, MRI, and EEG findings, as well as seizure semiology, are
thoroughly presented in Table 4.

The average age at the initiation of the first medication was 37.42
(range: 0-192). Among the applied treatments, the most commonly
preferred antiepileptic drugs (AED) were valproate, levetiracetam,
lamotrigine, and clobazam, with statistically significant differences (p =
0.015, p < 0.001, p = 0.022, and p < 0.001, respectively). The other
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AEDs used were carbamazepine, topiramate, vigabatrin, ACTH, sultiam,
rufinamide, oxcarbazepine, clonazepam, phenytoin, ethosuximide,
cannabidiol, and zonisamide, respectively. Changes in cognitive func-
tions, EEG findings, seizure frequency, and duration were noted based
on the selected treatment methods. Before the initiation of drug treat-
ment, the seizure frequency, which was once a weekly occurrence in 25
cases, decreased to one case after medication (p=0.021). When the
changes in EEG were examined following the use of medication, it was
observed that there was no EEG alteration in 39.3 % of cases, deterio-
ration in EEG in 10.1 % of cases, and improvement in EEG in 50.6 % of
cases.

In the cases undergoing ketogenic diet therapy, medication was
initiated at an average age of 5.75 months (range: 2-12 months) for 8
(6.7 %) cases. Out of these, 5 (62.5 %) showed improvement with
treatment, and 50 % exhibited cognitive enhancement. Epileptiform
activity was observed in the EEG of six cases (75 %), while 50 % showed
no changes in their EEG. Vagus nerve stimulation (VNS) was applied in
only 2 (1.7 %) cases for seizures, and all cases benefited from the
treatment, with more than 50 % improvement in EEG and cognitive
enhancement. Resective surgery was performed in only 1 (0.8 %) case.
Five cases received steroid treatment at an average of 4 months, with
80 % of cases benefiting from steroids. Among them, three cases ach-
ieved complete seizure freedom, 60 % showed cognitive improvement,
and more than 50 % improvement in EEG was observed, although
complete normalization was not detected. The initiation of anti-seizure
medications significantly altered seizure characteristics showed in
Table 5.

4. Discussion

Rett syndrome (RTT) is a complex neurodevelopmental disorder
primarily affecting females, characterized by a range of clinical features
including motor impairments, seizures, and cognitive decline. This study
delved into the genetic, clinical, and therapeutic aspects of RTT in a
cohort of 120 cases in Turkey. The findings contribute valuable insights
into the multifaceted nature of RTT, shedding light on its genetic

Table 4
The relation between the genetic mutation and the clinical, laboratuary, EEG, MRI findings of the patients.
Mutation type Cases with MECP2 mutation Cases with the other genetic mutations p-value
(CDKL5, FOXG1)
Frequency n (%) 111 (92.5) 9 (7.5) NA
RTT clinic Atypical n (%) 31 (27.9) 5 (55.6) ,126%
Typical n (%) 80 (72.1) 4 (44.9) ,126*
First EEG Finding Normal n (%) 20 (87) 3(13) ,371%
Burst-supression n (%) 5(83.3) 1(16.7) ,380*
Abnormal epileptiform activity n (%) 78 (94) 5(6) ,455*
Multifocal 33(29.7) 4 (44.4) NA
Focal 15 (13.5)
Generalized 44 (39.6) 2(22.2)
Clinical stage Stage 1 n (%) 13 (86.7) 2(13.3) NA
Stage 2 n (%) 46 (90.2) 5(9.8)
Stage 3 n (%) 33 (94.3) 2(5.7)
Stage 4 n (%) 19 (100.0)
Consanguinity n (%) 14 (82.4) 3(17.6) ,116*
MRI finding Mesial temporal sclerosis 7 (6.3) 1000*
Periventricular enlargement 3(2.7) 1000*
Thinning of the corpus callosum 4(3.6) 3(33.3) ,009
Cerebral atrophy 19 (17.1) 3(33.3) ,363%
Cerebellar atrophy 4 (3.6) 1000*
Regression in myelination 3(2.7) 3(33.3) ,005
Seizure semiology Focal onset aware 16 (14.4) 1(11.1) 1000*
Focal onset impaired awareness 6 (5.4) 1000*
Generalized tonic clonic 26 (23.4) 2(22.2) 1000*
Generalized tonic 14 (12.6) 1(11.1) 1000~
Generalized myoclonic 15 (13.5) 2(22.2) ,613
Generalized atonic 2(1.8) 1000~
Behavior arrest 8(7.2) 1000*

" Fisher’s Exact Test and p<0.05 Significance level, NA:not available
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Table 5
A comparison of the data before and after the initiation of anti-seizure medications is given.
EEG findings change P Seizure frequency before drug therapy P Seizure frequency after drug therapy p-
- value A value . value
No change/ The improvement No seizure/ One or One or No seizure/ One or One or
or between % or single moreina moreina or single moreina moreina
deterrence 50-100 seizure month week/ seizure month week/
every day every day
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Clinical stage
Stage 1 4 (40,0) 6 (60,0) 0301 8(53,3) 1(6,7) 6 (40,0) 0005 10 (66,7) 2 (13,3) 3(20,0) NA
Stage 2 13 (39,4) 20 (60,6) 27 (52,9) 15 (29,4) 9(17,6) 31 (60,8) 16 (31,4) 4(7,8)
Stage 3 16 (55,2) 13 (44,8) 14 (40,0) 8(22,9) 13 (37,1) 19 (54,3) 6 (17,1) 10 (28,6)
Stage 4 11 (64,7) 6 (35,3) 4(21,1) 2 (10,5) 13 (68,4) 4(21,1) 3 (15,8) 12 (63,2)
Clinical type
Atypical 14 (56,0) 11 (44,0) 0439 19 (52,8) 6 (16,7) 11 (30,6) 0438 22 (61,1) 6 (16,7) 8(22,2) 0486
Typical 30 (46,9) 34 (53,1) 34 (40,5) 20 (23,8) 30(35,7) 42 (50,0) 21 (25,0) 21 (25,0)
Genetic mutation type
MECP2 39 (47,6) 43 (52,4) 0266 49 (44,1) 24 (21,6) 38 (34,2) NA 60 (54,1) 24 (21,6) 27 (24,3) NA
Other mutation 5(71,4) 2 (28,6) 4 (44,4) 2(22,2) 3(33,3) 4 (44,4) 3(33,3) 2(22,2)
types
First EEG
Normal 8(57,1) 6 (42,9) 0530 14 (60,9) 1(4,3) 8(34,8) 0057 48 (49,5) 24 (24,7) 25 (25,8) 0215
Epileptic activity 36 (48,0) 39 (52,0) 39 (40,2) 25 (25,8) 33(34,0) 16 (69,6) 3(13,0) 4(17,4)
(Focal/
Generalize/
Multifocal)
Seizure duration after drug therapy
Yes 23 (40,4) 34 (59,6) 0022 15 (24,2) 21 (33,9) 26 (41,9) <0001 25 (40,3) 20 (32,3) 17 (27,4) 0007
No 21 (65,6) 11 (34,4) 38 (65,5) 5 (8,6) 15 (25,9) 39 867,2) 7 (12,1) 12 (20,7)
Change in seizure semiology after drug therapy
Yes 12 (54,5) 10 (45,5) 0581 14,3) 5(21,7) 17 (73,9) <0001 2(8,7) 7 (30,4) 14 (60,9) <0001
No 32(47,8) 35 (52,2) 52 (53,6) 21 (21,6) 24 (24,7) 62 (63,9) 20 (20,6) 15 (15,5)
Cognitive impairment after medication
Yes 5 (45,5) 6 (54,6) 0778 5 (45,5) 1(9,1) 5 (45,5) NA 6 (54,5) 0 (0,0) 5 (45,5) NA
No 39 (50,0) 39 (50,0) 48 (44,0) 25 (22,9) 36 (33,0) 58 (53,2) 27 (24,8) 24 (22,0)

*Fisher’s Exact Test and p<0.05 Significance level, NA: not available

underpinnings, clinical manifestations, and the impact of various
treatment modalities.

The prevalence of MECP2 gene mutations in the studied cohort
aligns with previous research, underscoring the pivotal role of MECP2 in
the pathogenesis of RTT (Amir et al., 1999). When considering clinical
manifestations indicative of RTT, a whole-genome sequencing analysis
can be performed to identify other genetic mutations playing a role in
the etiology (Lucariello et al., 2016). According to the 2019 report, cases
with over 1200 MECP2 mutations were examined. The clinical details of
30 males (diagnosis age: 0.6-20.4 years) were reported (n:2 somatic
MECP2 mutation, classic RTT; n:16 RTT-associated MECP2; n:9 patho-
genic but not found in females; n:3 variants; 4, neonatal encephalopa-
thy; 10, cognitive impairment or progressive encephalopathy; 2, classic
RTT; 14, atypical RTT (clinically more severe). Nine male cases resulted
in exitus (death age: 3.2-29.8). It has been emphasized that the
assumption that MECP2 mutations in males always lead to embryonic or
early postnatal death is incorrect (Neul et al., 2019). A systematic review
from 2015 has identified 36 studies covering 57 cases of Rett Syndrome
in males. In these cases, with an average diagnosis age of 7.7, the most
commonly observed symptoms include abnormal gait/body movements,
partial or complete loss of speech, deceleration in head growth, and
epilepsy. However, MECP2 mutations were reported in only 65 % of the
cases (Reichow et al., 2015). Fabio and colleagues evaluated the
genotype-phenotype relationship based on subgroups of MECP2 muta-
tions for RTT in their study (Fabio et al., 2014). In a study evaluating
girls with CDKL5 mutations, eight patients with encephalopathy
exhibiting RTT-like features were assessed (Nadia et al., 2008). The
study was conducted by collecting data from nine different centers. Due
to the incomplete establishment of genetic pools as an active system in
our country and the conduct of genetic mutation studies in various
centers, the sub-classifications of the MECP2 mutation mentioned in the
literature could not be individually determined in each case. Therefore,
statistical data on the phenotype-genotype relationship of clinical data

according to the sub-classification of the MECP2 mutation could not be
conducted in our study. In our country, the most frequently detected
genetic mutation is MECP2, similar to what is reported in the literature.
In 75 % of the 8 male RTT cases, MECP2 mutation was detected, while
FOXG1 mutation was found in 25 %, and no case with CDKL5 mutation
was identified among males in this study. None of the males have died.

In a study comprising 53 female cases, the median age at seizure
onset was 4 years (range 0.2-26.2) (Steffenburg et al., 2001). When
examining a compilation of studies investigating the age groups of RTT
cases, it was noted that the included studies encompassed patients aged
3-21 years, 5-24 years, or 5-32 years. One study also observed patients
younger than 35 years, while the age of the study population was not
reported in another (Petriti et al., 2023). The average age of the cases
comprising our study was 36.56, with 12.5 % being below 2 years old,
and 42.5 % falling within the 2-4 age range.

Notably, the higher occurrence of gene mutations in cases with
typical clinical features compared to those with atypical presentations
emphasizes the heterogeneous nature of RTT. This aligns with the notion
that RTT represents a spectrum disorder with varying clinical pheno-
types (Gold et al., 2018). Our findings were identified to be similar to the
studies in our investigation.

The predominance of generalized tonic-clonic, myoclonic, and focal
onset aware seizures in the seizure semiology corresponds to previous
literature highlighting the diversity of seizure types in RTT (Dolce et al.,
2013). The frequency of seizure semiologies in our study was similar to
those reported in the literature (n:28,n:17,n:17; respectively).

Epilepsy and epileptiform activity frequently coexist with RTT, re-
ported in 50-90 % of cases. RTT patients exhibit diverse forms of
epileptiform activity, predominantly of centrotemporal origin, and
other multifocal patterns, including a general slowing of background
EEG, among other commonly reported EEG abnormalities (Portnova
et al., 2022). In our study, among cases with EEG findings, 69.2 %
showed epileptiform activity, with 46 being generalized, 37 multifocal,
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and 15 focal; while 31.7 % of cases exhibited a slow background EEG
rhythm.

MRI findings corroborate the neuroanatomical complexity of RTT,
with cerebral atrophy, corpus callosum thinning, and mesial temporal
sclerosis being the most frequently observed pathological features.
These findings are consistent with the literature (Kyle et al., 2018),
further emphasizing the importance of neuroimaging in the compre-
hensive evaluation of RTT patients. In studies, it has been reported that
reduced cerebellum size is associated with some of the observed
neurological signs in RTT, contributing to impairments in cognition and
motor coordination. Additionally, significant thinning of specific struc-
tures, such as the motor cortex and the corpus callosum, has been
documented in the data (Ariani et al., 2008; Kong et al.,2022). In the
study, cases with two FOXG1 mutations and one CDKL5 mutation were
found to have thinning of the corpus callosum and decreased myelina-
tion in MRI, similar to the literature.

In a study comprising 53 female cases, the median age at seizure
onset was 4 years (range 0.2-26.2), with a higher prevalence of partial
complex seizures (54 % vs. 23 %). Among females, 6 % (3/50) used no
AEDs, 54 % (27/50) used one AED, 30 % (15/50) used 2 AEDs, and 10 %
(5/50) used 3 AEDs. The most frequently prescribed AEDs were carba-
mazepine in 16 cases, lamotrigine in 16, and valproate in 12 (Steffen-
burg et al.,2001).

The initiation of anti-seizure medications, particularly the preference
for valproate, levetiracetam, lamotrigine, and clobazam, reflects the
challenging task of managing seizures in RTT. The observed alterations
in seizure characteristics post-treatment underscore the need for indi-
vidualized therapeutic approaches in RTT. It is noteworthy that the
ketogenic diet, VNS, and steroid treatments demonstrated efficacy in
specific cases, supporting the exploration of diverse therapeutic mo-
dalities tailored to the unique needs of RTT patients (Neul, 2019; Lim
et al., 2020; Vilvarajan et al., 2023). Long-chain polyunsaturated fatty
acid supplementation (LCPUFA) was also attempted in Rett Syndrome
(RTT), but no meaningful effect was found in neuropsychological and
behavioral parameters (Fabio et al., 2018). There was no patient taking
(LCPUFA) in our study.

In cases of RTT, difficulty in expressing themselves arises from the
loss of language from a young age. Therefore, it is important for patients
to receive early supportive treatment for their pain without neglect, thus
potentially improving their quality of life. For this purpose, scales are
used to assess pain (Fabio et al., 2022). The diverse clinical features
detailed in Tables 1 and 2 further underscore the complexity of RTT and
the necessity for a multidisciplinary approach in its management.
Interestingly, no statistically significant differences were found in
symptoms when examined based on gender, clinical type, and family
relatedness, emphasizing the need for personalized care plans that
consider the individual variability in RTT presentation. In our country,
working groups initiated by the Pediatric Neurology Association have
been identified and are beginning to be organized. This aims to enhance
the quality of life for both patients and their families through rehabili-
tation services, as stated in the literature. Additionally, the standardized
assessment of pain in RTT patients can be ensured by using the scales
mentioned in the literature.

Our findings underscore the necessity of a multidisciplinary
approach in managing RTT, as evidenced by the correlation between
steroid treatment and cognitive improvement. The observed reduction
in seizures after VNS application holds promise for improving the overall
quality of life for RTT patients. In recent times, Transcranial Direct
Current Stimulation (tDCS) methods aimed at improving both seizures
and cognitive functions are among the alternative treatment approaches
used in RTT (Fabio et al., 2020). In our country, the use of tDCS, which is
employed in resistant epilepsies, is not yet widespread, resulting in rare
applications. The centers participating in the study have not utilized this
non-invasive method in the treatment of RTT, preventing an assessment
from being conducted.

This study serves as a preliminary exploration, and future research
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should focus on expanding the sample size, incorporating clinically
diagnosed RTT cases, and exploring the long-term effects of various
interventions. Additionally, investigating the relationship between ge-
netic mutations and specific clinical manifestations may offer person-
alized therapeutic approaches for RTT patients.

In conclusion, this study contributes valuable data to the growing
body of knowledge on Rett syndrome. The genetic, clinical, and thera-
peutic insights presented here provide a foundation for further research
and underscore the necessity for comprehensive and individualized
management strategies in RTT. The findings also highlight the impor-
tance of collaborative efforts across disciplines to address the multifac-
eted nature of this challenging disorder.
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