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Abstract 

In 2003 disruption of the Cyclin-dependent Kinase-like 5 (CDKL5) gene was identified as 

the underlying genetic defect in two deceased females who had early-onset seizures 

and severe intellectual disability. The following year mutations were identified in 

individuals who had previously been diagnosed with the early onset-seizure variant of 

Rett syndrome, West syndrome, or X-linked Infantile Spasms syndrome. The majority 

of literature on these individuals had consisted of case studies or small case series and 

little was known about the natural history of those affected with a CDKL5 mutation. 

Key clinical features appear to include early-onset intractable seizures, severe 

intellectual disability and severe gross motor impairment. But a few individuals were 

described as having a milder phenotype including the ability to walk, use of spoken 

language and absence of seizures. Therefore it appears that variability exists in the 

clinical presentation of those with a CDKL5 mutation, but larger studies were needed 

to fully investigate this variability.  

 

One of the aims of this thesis was to investigate the relationship between the clinical 

features of individuals with a CDKL5 mutation and those with Rett syndrome who have 

a MECP2 mutation and investigate whether CDKL5 mutations account for the 

presentation of the early-onset seizure variant of Rett syndrome. This thesis also 

aimed to establish an international data collection to better inform the clinical 

presentation and natural history of the CDKL5 disorder. In doing so, this thesis 

examined the attainment of developmental milestones, investigated the current gross 

motor, hand function and communication abilities, and described the onset, burden 

and management of seizures in affected children and adults. 

 

The first study in this thesis focused on examining how the clinical features of 

individuals with a CDKL5 mutation could be differentiated from those with a MECP2 

mutation and a clinical diagnosis of Rett syndrome. It also provided a description of the 

common clinical features, including the presence of dysmorphic features of the face, 

hands and feet. Information on the clinical presentation of females with Rett 

syndrome and a MECP2 mutation (n=920) and individuals with a CDKL5 mutation 

(n=86) was sourced from the International Rett syndrome Database (InterRett). This 
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study found that most individuals with a CDKL5 mutation had severe developmental 

delay and seizure onset before the age of three months and many had subtle 

dysmorphic features. Less than a quarter met the diagnostic criteria for the early-onset 

seizure variant Rett syndrome and there was a higher occurrence of seizures and sleep 

disturbances in those with a CDKL5 mutation compared to those with Rett syndrome. 

It was concluded that the CDKL5 disorder should be considered as its own clinical 

entity because affected cases do not meet the diagnostic criteria for the early-onset 

seizure variant Rett syndrome. The information gained from this study was used to 

develop the data collection tool for a new CDKL5 disorder specific database. 

 

One of the main aims of this thesis was to develop an international database specific 

to the CDKL5 disorder. This database was designed to collect information from 

caregivers through an online or paper-based questionnaire. The questionnaire was 

developed in collaboration with the International Foundation for CDKL5 Research and 

in consultation with a Consumer Reference Group. The questionnaire was divided into 

two parts and contains a total of 23 different sections including sections on the period 

surrounding the pregnancy and birth of their child, the events surrounding diagnosis, 

attainment of developmental milestones, current functional abilities, regression, 

epilepsy and other comorbidities such as gastrointestinal issues and vision impairment. 

Information collected through this database was used for the remainder of this thesis. 

 

The second study in this thesis used information on 127 cases collected through the 

international database to investigate the attainment of developmental milestones. 

This study found that by five years of age 75% of the females had learnt to sit 

independently and 25% to walk independently. Fewer males attained independent 

sitting (25% by 15 months), and only one boy learned to walk independently. Language 

abilities were also severely impaired with less than half of the females able to babble 

at six years, and under a quarter using single words at seven years. The males were 

again more impaired then the females with a quarter attaining babble by seven 

months of age and one male learning to use single words at three years of age. A 

similar pattern was present for hand function with over half of the females using a 

raking grasp at five years and only 10% a pincer grasp at three years of age. Fewer 
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males attained a raking grasp (10% by one year ten months) and only one male 

attained a pincer. Overall, development was severely impaired and, if attained, 

milestones were delayed although there was variability in clinical presentation of this 

disorder. The impact that genotype may have on this variability, was also investigated, 

however no clear relationships were observed, suggesting that even larger case 

numbers are needed.  

 

The third study in this thesis further examined the functional abilities of 124 individuals 

with the CDKL5 disorder at the time of questionnaire completion. Over half of the 

females could sit on the floor and nearly a quarter could walk 10 steps independently. 

Most males were unable to perform most gross motor tasks, but four could sit on the 

floor independently and one boy was able to walk and run. Half the females were able 

to pick up and grasp a large object, while 40% could also pick up a small object. Hand 

grasping ability was more impaired for the males with half unable to grasp an object 

and three boys able to pick up a large object (two could also pick up a small object). 

The highest level of communication used by most females was complex gestures and 

vocalizations (39%), whilst 75% of the males used simple communication methods 

such as facial expressions and body language.  When the relationships between 

genotype and current functional abilities were investigated, individuals with a 

truncation occurring more towards the 3’ end of the gene had better functional 

abilities compared to those who had no functional protein. Although functional 

abilities were impaired for the majority, the proportion with better functional abilities 

was greater than previously described in the literature.  

 

The fourth and final study of this thesis examined the onset, burden and management 

of seizures in 113 children and adults with the CDKL5 disorder of whom nearly all 

(96%) had developed seizures. The median age of seizure onset was five weeks and for 

most these seizures occurred on a daily bases. Multiple seizure types were reported by 

caregivers at onset, with clonic seizures being the most common. Between two and 

eleven anti-epileptic drugs (AEDs) were being used in during the first 12 months with 

the most common first line AED being phenobarbital. Compared to onset, fewer 

individuals had daily seizures (75%) at the time of the questionnaire completion, and 
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15% were seizure free. Multiple seizure types were still reported at time of 

questionnaire completion, with tonic and clonic seizures being the most common. 

Most (84%) individuals were classified as having drug resistant epilepsy and a third of 

individuals were on three or more AEDs. Clobazam, topiramate and valproic acid were 

the most frequently used. Over half had commenced the ketogenic diet and 75% 

experienced some improvement in seizures whilst 20% had vagus nerve stimulation 

(VNS) and half experienced improvement in seizures. Less than a third maintained the 

ketogenic diet, mainly ceasing due to concerns regarding seizure control and diet 

intolerance. Overall it was found that seizures are extremely difficult to control in the 

CDKL5 disorder, however the frequency of seizures does appear to decrease after 

onset. There were some individuals who were seizure free, including one female who 

had been seizure free and off medication for more than 10 years. Alternative 

treatments, such as the ketogenic diet and VNS, appear warranted in the CDKL5 

disorder and should be considered. 

 

Overall this thesis has shown the variability within the CDKL5 disorder and highlighted 

the importance of defining a neurodevelopmental disorder by its underlying aetiology 

rather than its clinical ‘phenotype’. It has also provided the infrastructure, the 

International CDKL5 Disorder Database, which will provide data for future studies and 

foster continued international collaborations. 
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Chapter One: Introduction and Background 

 

In this chapter an overview of what has been published in the literature, prior to the 

publication of chapter two (March 2013), on the clinical presentation and 

neuropathological consequences associated with mutations on the CDKL5 gene will be 

described. The aims of this thesis will be presented and the rationale for this study 

summarised. 

 

1.1. The CDKL5 Disorder 

Mutations of the Cyclin-dependent Kinase-like 5 (CDKL5) gene were originally 

identified in children and adults who have been diagnosed clinically with infantile 

spasms and epileptic encephalopathy (West syndrome, X-linked Infantile Spasms 

syndrome) or the early-onset seizure variant of Rett syndrome.1-3 The most common 

clinical features were 1) early-onset intractable seizures, 2) severe intellectual 

disability and 3) gross motor impairment. Since the first description of human disease 

caused by CDKL5 mutations in 2003,1 there have been over 180 individuals reported in 

the literature, the majority being part of case studies or small case series (n<10).1-51 In 

the absence of adequately powered representative studies, the full spectrum of clinical 

features associated with a CDKL5 mutation remains unknown. The authors of the 

largest study to date, containing only 20 cases, proposed a set of key clinical features 

to help identify female patients with CDKL5 mutations.3 Much larger studies are 

required to further define and capture the variability in clinical presentation of those 

who have a mutation involving the CDKL5 gene, including males and females and those 

of different ages. This is the major focus of this thesis and the following review will 

summarize the literature to date and highlight the need for larger and well powered 

natural history studies. 

 

1.2. CDKL5 and its link to human disease 

When the CDKL5 gene was first identified in 1998 during a transcriptional mapping 

project of the Xp22 region and named Serine-Threonine Kinase 9 (STK9)52 it was 

speculated that mutations within this gene may cause human disease. Within five 

years  truncation or complete loss of this gene due to balanced X: autosome 
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translocations was found to be the underlying genetic defect in  two deceased females 

with West syndrome.1 Both girls presented with infantile spasms and hypsarrhythmia 

within the first three months of life and were extremely delayed in all areas of 

development. They later developed either tonic or tonic/clonic seizures that were 

unresponsive to medications and died at the ages of three and 17 years.  

 

Within the next year, two further studies would identify intragenic mutations within 

the CDKL5 gene in females previously thought to have Rett syndrome but who were 

without a mutation in the MECP2 (Methyl-CpG Binding Protein 2) gene.2,4 These two 

studies were both published in the same issue of the Journal of Human Genetics. The 

first study, by Weaving and colleagues, was an Australian and UK collaboration.2 The 

authors identified the same intragenic CDKL5 mutation within an Australian family 

which included a girl with clinical features similar to Rett syndrome, her monozygotic 

twin sister who had an autistic disorder and their elder deceased brother who had 

severe epileptic encephalopathy. The first girl developed infantile spasms at nine 

weeks of age, but learned to sit by six months, pull to stand by 12 months, crawl and 

babble. Between 10 and 15 months her development regressed, she lost her ability to 

babble and her pincer grasp and she became socially withdrawn. Her eye contact was 

limited, responding to bright objects and lights only.  

 

Her twin was much less developmentally delayed, learning to sit at nine months, walk 

at 17 months and spoke her first words at 18 months. By four years of age she was 

able to speak in four to five word sentences, although at five years her speech was 

repetitive with echolalia. She never developed epilepsy and did not have any other 

Rett-like features therefore not meeting the clinical criteria for Rett syndrome. 53 In 

contrast, the clinical features of her twin were consistent with the criteria for atypical 

Rett syndrome, as she developed hand stereotypies and breathing dysfunction shortly 

after regression. At 19 years of age both girls remained clinically different with the first 

girl having severe cognitive and physical impairment, a mixed seizure disorder 

including tonic clonic, myoclonic and absence seizures. She also had scoliosis, was 

wheelchair-dependent and had severe constipation and other Rett-like features. Her 

twin on the other hand was still mobile, had mild intellectual disability and maintained 

her verbal skills.  
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The twins’ elder brother also presented differently to his younger sisters, developing 

seizures very early in life, with infantile spasms worsening at nine weeks of age.2 His 

development initially appeared normal for the first four months but by 12 months he 

was presenting with severe developmental delay. His seizures were uncontrolled by 

medications and his development appeared to regress, as he became unresponsive at 

two years of age. He was described as having had a mixed seizure disorder including 

“Lennox-Gastaut type seizures”, severe intellectual disability, cortical vision 

impairment (CVI) and kyphoscoliosis. At 14 years he had myoclonic jerks, gastro-

oesophageal reflux and constipation, and suffered from episodes of pneumonia. He 

died at the age of 16 years as a result of respiratory failure. The same CDKL5 mutation 

was present in all three siblings from this family, but the reason for the variable clinical 

presentation between the twin girls was not identified, as X-inactivation studies 

although not skewed according to the accepted definition, appeared to favour the 

same X-chromosome.2  

 

The second family reported in the 2004 UK/Australian study included a female aged 28 

years and her younger half-sister.2 At six weeks of age the elder sister developed 

infantile spasms and then other seizure types (tonic clonic, myoclonic and absence) 

during childhood, worsening in adolescence but then improving into adulthood. She 

had hypotonia and delayed motor development, sitting at 17 months and standing at 

four years. She was able to use single words, build with blocks, turn a page of a book 

and use a spoon with help. Between two and five years of age she regressed and lost 

many skills. She subsequently learned to walk unsupported at seven years and 

developed a fine pincer grasp. At 28 years of age she had no verbal communication 

skills, had hand stereotypies, dystonia, and scoliosis. She experienced sleep problems, 

hyperventilated, and had other autonomic disturbances. Her younger half-sister never 

developed seizures but had developmental delay, learning to sit at 19 months and 

stand at four years. She also regressed between three and five years of age and 

developed hand stereotypies, hyperventilation and breath-holding. Subsequently she 

learned to walk at seven years and achieved a palmar grasp. At 13 years she was able 

to babble and interact socially, she understood basic commands, had mild scoliosis, 

sleep problems, vasomotor disturbances, mood swings and mild constipation. 
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Interestingly, a splice site mutation in the CDKL5 gene was found in the elder sister, but 

not in her younger sister. Further molecular investigation using haplotype mapping 

found that the sisters had inherited different maternal X-chromosomes, leading the 

authors to suggest that their clinical phenotypes resulted from different causes.  

Indeed, the younger sister was subsequently found to have a TCF4 mutation.54 

 

The second paper by Tao and colleagues4 was published by the same group of 

researchers who had first described the link between CDKL5 mutations and human 

disease.4 They screened for the presence of intragenic CDKL5 mutations in 32 female 

patients with a clinical diagnosis of classical or atypical Rett syndrome. Pathogenic 

CDKL5 mutations were identified in three of these individuals, two of whom were 

monozygotic twins. At five weeks of age the first female singleton developed infantile 

spasms, which did not respond to AEDs. At five years she was hypotonic, unable to sit 

unsupported, crawl, or speak, but was able to respond appropriately to simple verbal 

commands. At two months of age, the first of the twins developed infantile spasms 

which disappeared by six months. Later on in life she experienced absence seizures. 

Her twin sister developed infantile spasms at 10 weeks of age and these also remitted 

at six months. The first twin’s development was severely delayed, learning to sit 

unsupported at three years and walk with support at 10 years. Her twin sister’s 

walking ability was better, walking independently with an ataxic gait at eight years of 

age. Both twins exhibited abdominal distension due to excessive air swallowing, 

hyperventilated, had hand stereotypies, experienced mood swings, had little eye 

contact or interaction with their environment and developed either kyphoscoliosis or 

scoliosis. On follow-up the first twin had hypotonia and mild ataxia, whilst her twin 

sister had hypertonia and flexion contractures. At 41 years of age the first twin was 

wheelchair bound whilst the second twin was able to take a few steps with support 

only.  

 

The individuals identified in these two studies highlight the variability in the clinical 

presentation of those with a CDKL5 mutation. They show how clinical presentation not 

only varies between mutation types but also within the same mutation, with both sets 

of monozygotic twins displaying differing levels of clinical severity. This reinforced the 
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need for larger data collections to fully understand the clinical spectrum of those with 

a CDLK5 mutation. 

 

1.3. Clinical characteristics of individuals with CDKL5 mutations: ten 

years of case studies and small case series 

Since the first description of human disease caused by mutations in the CDKL5 gene in 

2003 there have been around 186 individuals (aged between six months and 41 years, 

median approximately five years) mentioned in 51 articles.1-51 The majority of these 

individuals were described in case studies or small case series (n<20) (Appendix A and 

Appendix B). There have been two studies that have attempted to highlight the key 

clinical features associated with a CDKL5 mutation in females.3,26 The first study was 

published by Bahi-Bussion and colleagues from France in 20083 and included the 

largest series of females with the CDKL5 disorder (n=20). The authors suggested that 

prior to two years of age, global developmental delay, early onset epilepsy, hypotonia 

and poor eye contact were the main clinical features. At this age there were no 

apparent Rett-like features present. In the majority an epileptic encephalopathy 

subsequently developed with infantile spasms. From two to three years, epilepsy 

persisted in 14/20 cases, either being refractory or partially controlled. Other 

characteristics reported, that are also commonly observed in Rett syndrome, were 

hand stereotypies (usually a mixture of types), deceleration of head growth, hand 

apraxia and sleep disturbances. Gastrointestinal and breathing disturbances were not 

common in this series, as were non-epileptic vacant spells, motor twitches and 

episodes of staring and laughing. The authors found that gross motor impairment was 

strongly evident, and that those who learned to walk (~35%, only one could walk 

independently) also had better hand use and eye contact, and were less likely to have 

sleep disturbances and bruxism than those who were not ambulatory. They suggested 

that two different groups seem to emerge dependent on gross motor ability, although 

refractory epilepsy and hand stereotypies are consistent in both. The classical Rett 

syndrome picture of normal development followed by regression was not noted.3 The 

authors acknowledged that there were heterogeneity present in the clinical spectrum 

of their patients and suggested that the underlying gene mutation or other genetic 

factors may be responsible. 
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The second study, published by Artuso and colleagues from Italy in 2010, was based on 

only nine females.26 The authors identified six necessary criteria that included 1) 

normal prenatal history; 2) irritability, drowsiness and poor sucking during the 

neonatal period (referred to as perinatal by authors); 3) early epilepsy, with onset 

between the first week and five months; 4) hand stereotypies; 5) severely impaired 

psychomotor development; and 6) severe hypotonia. They also suggested eight 

supportive criteria, which included 1) infantile spasms at onset or during the course of 

epilepsy; 2) poor eye contact and absence of response to social interactions; 3) 

absence of speech; 4) absence of hand skills; 5) absence of scoliosis; 6) normal head 

circumference at birth that remains normal or has a slight deceleration of growth; 7) 

normal weight and height; and 8) rare autonomic dysfunctions (the authors term these 

neurovegetative dysfunctions and included gastrointestinal disturbances, breathing 

irregularities and cold extremities). They also concluded that the classical period of 

regression was rarely present in females with a CDKL5 mutation, that autonomic, 

breathing and spinal problems were rare, and that lack of eye contact, hypotonia, and 

epilepsy were common features.  

 

The methodology of both these articles was based on a comparison of the presenting 

clinical features with those anticipated for Rett syndrome.3,26 The first study paid 

particular attention to the 1994 Hageberg Rett syndrome criteria.55 To increase their 

studies power they combined their 20 patients with 24 who were previously described 

in the literature. They then determined the overall frequency of various features and 

from these determined what the key clinical features were. The second study 

simplified the methodology previously used by them to determine the clinical criteria 

for the ‘Zapella’ variant of Rett syndrome56 and used that in this study.26 They assigned 

each patient with a CDKL5 mutation a severity score and compared these scores to 128 

classical Rett syndrome patients and 25 Zapella variant Rett syndrome patients. The 

used severity score contains 22 items scored from 0 to 2 and was designed specifically 

for Rett syndrome.56 The aspects of the severity score that were scored highly were 

the features that they concluded to be present in the CDKL5 disorder, whilst those that 

were scored as a zero were considered to be absent. Although the first study3 included 

a larger sample of CDKL5 disorder patients there is still insufficient power to accurately 

determine whether a particular feature is present or not. There are also significant 
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limitations due to restriction to only females and inappropriate study design.  It is 

therefore possible that features that may be present specifically in the CDKL5 disorder, 

but not in Rett syndrome, were overlooked. It is also likely that certain features that 

develop with age may not have been identified e.g. scoliosis as the sample mainly 

consisting of younger children. To gain a better understanding of the clinical features 

of individuals with the CDKL5 disorder all the cases thus far described in literature 

were pooled together (Appendix B). 

 

There are approximately 186 “unique” individuals (15 males, 171 females) with a 

CDKL5 mutation described in the literature.1-51 The level of information provided for 

each individual varied and the pathogenicity of some mutations were unclear. Clinical 

details are summarised in Appendix B. There were some characteristics that were 

often not reported and thus recorded as Not Available (N/A). For each individual who 

was included it was important to determine that they were “unique” to avoid overlap. 

If the individual had been described before, then the information on that individual 

from every source was pooled. This involved some challenges and limitations as many 

articles did not report if the individual had been previously described. In one 

circumstance we made the assumption that four individuals had been previously 

described after the authors were unable to clarify this information. By combining data 

on a larger set of individual cases, we were able to gain a better picture clinical picture 

of CDKL5 disorder including early life, developmental history, functional abilities, 

epilepsy, other comorbidities and Rett-like features and dysmorphic features. 

 

1.3.1. Early life, developmental history and functional abilities 

The literature suggests that the neonatal period and the early months of life were 

abnormal for the majority of individuals with the CDKL5 disorder. For those who were 

reported to have had near normal development this was only prior to the occurrence 

of seizures.1,2,5,7,18,19,28,33,39 Gross motor milestones, when reported, were delayed, or 

not achieved in the majority. There was a small minority who did acquire independent 

walking (one was able to run) (n=29/130, 22.3%)2-4,7,11,19,22,28,34,41,42,44,47,51 and an 

additional 16 who were able to walk with support.3-6,17,26,27,38,42,47 Hand function was 

often not reported, however in 36/94 there were functional hand skills present.2-
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4,6,7,11,20,25-27,36,41,44,47,48,51,57 The best level of communication was use of phrases 

(reported in four),11,57 however for most (43/155) expression was restricted to babble 

or single words2,3,5-7,15,17,19,20,22,24-27,34,36,41,48,51 or absent language skill (108/155).  

Overall, those with the CDKL5 disorder had absent or impaired gross motor abilities, 

hand function and language skills. A small minority of females had greater functional 

abilities. Early-onset epilepsy is associated with a poorer developmental outcome58,59 

and therefore it appears as those these functional abilities are most greatly impacted 

by the development of early-onset seizures, resulting in the majority not having any 

normal development. 

 

1.3.2. Epilepsy 

The most frequently described feature of the CDKL5 disorder is epilepsy, with only two 

cases in the literature never having seizures.2,57 The first is the Australian twin already 

described2 and the second a recently reported Spanish case57 where the pathogenicity 

of the mutation is unclear.60 For most, early-onset seizures developed within the first 

few months of life, with the earliest described onset being at birth and the latest being 

two years. Multiple seizure types have been described, including spasms, generalised 

tonic-clonic, tonic, absence, myoclonic, eyelid myoclonia, and focal (especially complex 

partial seizures). Often more than one seizure type was described and the 

Electroencephalography (EEG) varied from being normal to hypsarrrhythmic.  In nearly 

all individuals epilepsy was refractory, with only 31/154 being described as not having 

refractory epilepsy4,7,9,15,17,19,20,25,30,40,42,44,45,47 and 19/186 no longer having any 

seizures.2-4,9,13,17,19,28,44,47,57 Multiple seizure types were also described in those who 

still had active seizures, including generalised tonic, tonic-clonic, myoclonic, atonic, 

absence, clonic, spasms, focal and infantile spasms.  

 

There have been four specific studies relating to epilepsy in the CDKL5 disorder 

conducted since 2003. The first, conducted in France in 2008, involved a case series of 

12 females (2.5 to 19 years old), identified from a pool of 210 females suspected of 

having atypical Rett syndrome, epileptic encephalopathy or X-linked infantile spasms.14 

The authors conducted retrospective chart reviews on all cases, EEG’s and Video EEG’s. 

For eight cases video EEG’s were available from when their epilepsy first occurred. 
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Chart reviews were used to obtain EEG data from other institutions. The authors 

concluded from this information that in the CDKL5 disorder three stages of epilepsy 

were present. These were: stage one early epilepsy; stage two epileptic 

encephalopathy; and stage three late multifocal and myoclonic epilepsy. Epilepsy was 

the presenting symptom in all cases with the median age of onset being four weeks. 

Seizures were brief yet frequent, and all were generalized. The EEG was often normal 

at seizure onset and after treatment with antiepileptic medication, seizures either 

progressively decreased (n=2) or completely ceased (n=10) within one month. Whilst 

four cases remained seizure free for the remainder of the follow-up period, seizures 

returned in eight cases after one to 30 months. EEGs during this ‘seizure-free’ period 

were available for five of the eight cases and were initially normal and then 

progressively deteriorated. After relapse, the eight patients showed epileptic 

encephalopathy, with infantile spasms and intermixed brief tonic seizures with 

hypsarrhythmia (often typical (n=2) or modified (n=6)). All eight cases were treated 

with corticosteroids and in five, seizures were not controlled but behaviour was 

improved. In the remaining three, seizures improved one month after treatment and 

the individuals remained seizure free. In all eight cases hypsarrhythmia disappeared 

after three months of treatment. The five cases, in which seizures were non-responsive 

to corticosteroids, developed severe refractory epilepsy. Seizures were frequent and 

varied in type including myoclonic seizures, myoclonus, tonic seizures and spasms. All 

EEGs were abnormal and neither multiple antiepileptic medications nor the ketogenic 

diet were successful in controlling seizures.14 There was information provided on the 

number of records that were available for each child and the ages that these EEG’s 

were taken. Because the patients in the study were seen at various institutions prior to 

being included in this study and were not seen by the authors until later during the 

course of their disorder it is possible that not the whole picture was represented. 

These results do show however the complexity of the seizures in the CDKL5 disorder 

and the need for longitudinal follow-up and consistent EEG monitoring.  

 

The early stage of epilepsy was further examined in Italy by investigating the video-

EEGs of six infants (five females and one male) aged between 45 days and 12 months 

(age at publication between 14 months and five years).35 EEGs were performed either 

monthly or two monthly for the first year of life. In comparison to the previous study 
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by Bahi-Bussion and colleagues14 the authors found that the background EEG was 

somewhat abnormal in five of the six patients. Although the authors concluded that a 

variety of electroclinical characteristics were present rather than a unique picture, a 

particular ictal pattern which they called ‘prolonged’ generalized tonic-clonic seizures 

was observed in four of the six cases. This consisted of a tonic-tonic/vibratory 

contraction, followed by a clonic phase and then a series of spasms which gradually 

turned into rhythmic distal myoclonic jerks. These seizures also lasted longer than 

those typically described in adults. Another Australian study investigated the types of 

seizures presenting in five females (aged between six months and four years at 

recording) who had undergone video-EEG monitoring39 (there is no information 

provided on the number of records available per child). The authors noted that a 

particular seizure type, which they named ‘hypermotor-tonic-spasms syndrome’, was 

present in four of five girls. This consisted of a hypermotor phase within 70 seconds of 

awakening from sleep and lasted 10 to 60 seconds. This was followed by a tonic phase, 

and then by extension of all limbs or extension of upper limbs and flexion of lower 

limbs, lasting 20 to 45 seconds. Finally, extensor spasms evolved lasting one to 15 

minutes. This type of seizure was considered to be age-dependent and thought to 

occur during the previously proposed second stage of epilepsy.14 These two studies 

both provide a different description of the seizure types occurring within the first 12 

months. This may be due to these seizure types being a subjective description of 

seizure semiology or the variability of seizure types that do occur in the CDKL5 

disorder. Either way it highlights the importance of larger collaborative data 

collections. 

 

More recently a German study reported on the long-term clinical and 

electroencephalographic course of four patients who were aged three, 12, 15 and 22 

years at last consultation (table 1).45 The authors do not provide information on when 

these patients were first seen by them or the number of records per child. Seizure 

types at onset included focal motor (n=2), generalised tonic-clonic (n=2) and myoclonic 

seizures (n=1). In most, the EEG was normal (one had rare epileptiform activity). In the 

first few years following the onset of epilepsy, the patients’ EEGs remained relatively 

normal. Their epilepsy then evolved to include myoclonic (n=1), generalised tonic-

clonic (n=1), focal motor (n=1), dyscognitive seizures (n=3), tonic (n=4) and spasms 
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(n=4). Between four and 24 months all patients developed epileptic spasms that 

persisted for six to 24 months. Two had observable hypssarrhythmia develop on EEG at 

around five years of age that persisted until seven and nine years respectively. In three 

patients the epilepsy was resistant to therapy, whilst in the fourth patient epilepsy was 

controlled at six years by carbamazepine. The authors concluded that in these four 

patients the previously reported three stages of epilepsy14 were not present and also 

suggested that the lack of observable epileptiform activity on EEG at onset and the 

delayed onset hypsarrhythmia may be CDKL5-specific. The findings from these authors 

again validate the variability that is found within the CDKL5 disorder and between the 

various published articles in the area.  

 

Table 1. Summary of seizure types seen over a 22 year follow-up period in four 

children. Information obtained from Jahn et al45 

Feature Patient 1 Patient 2 Patient 3 Patient 4 
Age seizure onset 10w 10w 8w 6w 

Current age 22y 12y 3y 15y 

Focal motor Onset to 

4m 

4m to 2y Onset to 4m Never 

GTCS 3m to 

Current 

Never Onset - 4m Onset - 4y 

Myoclonic 

seizures 

Never Onset to 4y 4m - current Never 

Dyscognitive 

seizures 

18m - 3y 2y to 4y 18m - current Never 

Tonic seizures 3y - current 4y - current 18m - 2y 4 - 6y 

Epileptic spasms 18m - 3y 2 - 4y 4 - 12m 18m - 2y 

Therapy resistant Yes Yes Yes Controlled with 

carbamazepine at 

6y 

GTSC: Generalised tonic clonic seizures, Y: years, M: months, W: weeks 
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Epilepsy is the most consistent feature of the CDKL5 disorder, yet our knowledge is 

based on small case series. Although we have pooled a sample of 186 individuals from 

the literature we are unable to draw any firm conclusions due to the variability in 

methodology and information that was provided. Three stages of epilepsy have been 

described in a small case series of females with the CDKL5 disorder.14 Whether or not 

these three stages of epilepsy are present in a larger sample of individuals with the 

CDKL5 disorder is yet to be determined. This is especially important since findings from 

the most recent study45 did not corroborate the findings from earlier research 

outlining the stages.  

 

1.3.3. Rett-related features 

Rett syndrome is a clinically diagnosed neurodevelopmental disorder that is 

characterised by several key clinical features.53 These include regression of previously 

learned skills (mainly hand function and speech), hand stereotypies, behavioural 

problems involving crying and screaming spells, impaired sleep pattern, breathing 

dysfunction, abnormal muscle tone and spinal abnormalities such as scoliosis and 

kyphosis. 

 

There have been variable Rett-like features described in the literature in individuals 

with the CDKL5 disorder.2,4 Regression, which is the key feature of Rett syndrome and 

is required as mandatory for the most current53 version, although not the penultimate 

version of the Rett syndrome clinical criteria,61 was reported inconsistently. When 

reported, it appears to be more common than previously described3 (n=34/81, 42%), 

although still less common than in Rett syndrome. Unfortunately the current 

recommendations for Rett syndrome diagnosis53 both classify CDKL5 mutations as the 

cause of early onset-seizure variant of Rett syndrome whilst including “regression” as a 

mandatory criterion, thus providing a conflict. In CDKL5 disorder the period of 

regression is often associated with increased seizure severity, therefore raising the 

question of whether it has a different pathophysiology from that seen in Rett 

syndrome.  
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The most common Rett-like feature described has been hand stereotypies, which 

occur almost universally (Appendix B). The most common types of hand stereotypies 

described have been mouthing, hand washing, wringing and clapping. Typical Rett-like 

behaviours such as inappropriate screaming, crying and laughing were rarely 

described,4,5,9,24 but other behavioural problems, such as autistic features were 

described more frequently.2,3,7,11,17,25,28,35,40-42,44,45,47 These included autistic features 

(most frequent), mood swings or lability, perseverative, self-centred and sensory issues 

including tactile sensitivity and hyperexcitiability.  The reliability of such behavioural 

descriptions is questionable especially in such severely affected individuals. 

 

Sleep disturbances occurred frequently in the two previously described studies3,26 and 

also the pooled literature. A recent Dutch study used the Sleep Disturbance Scale for 

Children (SDSC), an overnight sleep study and day-time polysomnography recordings 

to investigate sleep disturbances in four children with the CDKL5 disorder.51 Using the 

SDSC three out of four children were reported to have clinically significant sleep 

disturbance with problems relating to initiation and maintenance of sleep most 

frequently reported. The authors found that all children had reduced or absent rapid 

eye movement sleep and frequent night waking (median range 7 and 52 times) 

resulting in low sleep efficiency. Of interest was that this was not found to be related 

to seizure activity.  

 

The previously mentioned study also investigated breathing disturbances in the four 

children with the CDKL5 disorder.51 They found that during the night and day only one 

girl, out of four, had some sleep apnoea, whilst two other children experienced central 

apnoea during the day.51 The older of the two experienced the longest lasting apnoea 

whilst the youngest experienced them more frequently. The authors also noticed that 

the central apnoea was preceded by periods of agitation, hand stereotypies and 

hyperventilation51. A second study by Pini and Colleague, which included authors from 

multiple European countries, investigated autonomic features in a group of ten 

females with the CDKL5 disorder that were seen at Rett syndrome Centres in Italy and 

Sweden.44 The authors used a NeuroscopeTM (Medifit Instruments Ltd, London, UK)62 

to investigate autonomic and cardiorespiratory function. Previous research in Rett 

syndrome had suggested that there were 13 different cardiorespiratory phenotypes 
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that occur and that these can be subdivided into three groups: Feeble, Forceful, and 

Apneustic.62  Using this classification system the authors reported that eight of the ten 

females with CDKL5 disorder were forceful breathers and two were apneustic. 

Cardiorespiratory dysrhythmia was present in 37.9%, with tachypnoea, deep breathing 

and breath holding being the most common disturbances.44 Elsewhere in the 

literature, breathing disturbances such as apnoea and hyperventilation have been 

mentioned infrequently.2,4-6,26,28,41,42,46,47,57 Other Rett syndrome criteria such as 

vasomotor problems3,5,7,11,19 and an abnormal pain response21,25 have also been 

reported infrequently. There is still much variability regarding autonomic dysfunction 

and breathing disturbances in the CDKL5 disorder, with the two largest studies and the 

pooled literature considering them to be rare. Although this may not in fact be the 

case with the recent article by Pini and colleagues suggesting that at least within their 

group that these breathing problems are occurring.44 More in-depth studies of this 

nature may identify autonomic disturbances that have not been clinically obvious.  

 

For the majority muscle tone was described as hypotonic, with only a few having 

hypertonia, spasticity or dystonia (Appendix B). The high prevalence of hypotonia 

could be related to the relatively young age distribution of the reported cases (mean 

age approximately 7.5 years, median age approximately 5 years), with those who had 

spasticity or dystonia being mostly older and less likely to be included. However, this 

was not always the case as some younger children had increased tone.26 A spinal 

curvature was reported infrequently in those with the CDKL5 disorder 

(n=19)2,4,5,11,13,17,19,42,57 but again may relate to the age distribution of the reported 

cases. Scoliosis is a condition usually occurring only in later age.  In a population based 

sample of 242 females with Rett syndrome it was found that 50% would develop 

scoliosis by 9.8 years and this increased to 75% by 13 years of age.63 Therefore it would 

be necessary to collect more information on older individuals with the CDKL5 disorder 

as scoliosis may become more prevalent with increased age. 

 

Overall it would appear that there are only specific Rett-like features that occur often 

in the CDKL5 disorder, most commonly hand stereotypes and sleep disturbances. 

However due to the frequency of missing information no definite conclusions can be 

made on their prevalence. 
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1.3.4. Gastrointestinal problems 

Overall, there were 22 individuals with reported gastrointestinal and/or feeding 

problems.2,5,7,11,21,26,27,37,50,51,57  The majority of these were associated with gastro-

oesophageal reflux disease. Feeding problems causing aspiration were the major 

reason for gastrostomy insertions (n=10). The two studies who defined clinical criteria 

for the CDKL5 disorder concluded that gastrointestinal problems were rare in the 

CDKL5 disorder.3,26 These conclusions are unexpected as gastrointestinal problems, 

especially constipation, is almost inevitable in those with reduced mobility and a 

limited diet due to feeding difficulties.64 Neurodevelopmental disorders are also often 

associated with abnormal and impaired neurological innervation of the gastrointestinal 

system resulting in dysmotility and oral-motor dysfunction. 

 

1.3.5. Other described conditions 

Both of the studies that defined the clinical criteria for the CDKL5 disorder have 

described individuals with the CDKL5 disorder as having poor or limited eye-contact.3,26 

This was also a common feature amongst the pooled literature. In relation to eye and 

functional vision abnormalities, some individuals had strabismus, exotropia, 

nystagmus, hyperopia or a squint and quite a few had cortical vision impairment.2,19,26-

28,37,42,44,46,50,51 In one male with a large deletion10 tetralogy of Fallot, bilateral 

microphthalmia with microcornea and congenital nucleocortical cataract were present. 

Two girls had precocious puberty21,27 and glomerular sclerosis, hyperthyroidism, 

cataracts and retinoschisis were reported in a few.24,27,45 

 

1.3.6. Dysmorphic features 

Some mild dysmorphic features have been noted in cases with the CDKL5 

disorder,1,5,10,11,15,19,22,23,26-30,33,41 and many parents believe that their children look 

similar (personal communication). In one of the first case studies one girl had 

hypertelorism, a high nasal bridge, a low posterior hair line and a single palmar crease 

(simian crease).1 In a later case study by a UK group two of the three girls showed 

dysmorphic features.5 The first girl had “large simple ears, wide spaced teeth with 

cusps on her incisors and delayed dentition, a divergent squint of her left eye, bilateral 

fifth finger clinodactyly and hyperconvex nails in both antero-posterior and lateral 
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dimension” (p 1118). The second girl had a flexed and dorsally displaced second toe 

and wide-spaced teeth5.  Figure 1 relates to a further study by the UK group and shows 

clinical photographs of five girls with “deep set eyes, straight eyebrows, a slightly short 

upturned nose, relatively large ears with large earlobes, and a high forehead” (p 

731).11 One of the first articles published on boys with the CDKL5 disorder found that 

all three boys described had some dysmorphic features.15 These included a broad nasal 

bridge (2/3), high palate (3/3), plagiocephaly, bilateral supernumerary nipples, high 

frontal hairline, high and sloping forehead, hypotelorism, epicanthus, anteverted 

nares, long philtrum, large and anteverted ears, and a bilateral membranous 

syndactyly between the second and third toe. Brachycephaly, progressive prognathism 

and a wide mouth with widely spaced teeth has been described in one individual.19 

Another girl had an ‘amimic’ face, with open mouth, widely spaced teeth, protruding 

tongue, full cheeks and long tapering fingers.41 Other described facial and non-facial 

dysmorphisms are described in table 2. Only a few studies have described dysmorphic 

features within the CDKL5 disorder and therefore it is unclear whether these are 

limited to these individuals or whether it can be extrapolated to the entire CDKL5 

disorder population. 

 

Figure 1. Retrieved from Archer et al.11 Clinical photographs showing examples of the 

dysmorphic features identified in five patients.  

 

Patient 1 (A-D), Patient 2 (E-F), Patient 3 (G-H), Patient 4 (I-J) and Patient 5 (K-L). 
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Table 2. Dysmorphic features described in the literature in the CDKL5 disorder. 

Dysmorphic features References 

Facial features 

Coarse 22 

Asymmetry 33 

Hypertelorism 30, 33 

Low hair line 30 

Triangular with a prominent forehead  30 

Synophrys 23, 29 

Large ears and a pointy chin 23 

Full lips 22, 27 

Full lower lip only 27 

Eversion of the lower lip 26, 27 

Thin upper lip 30 

High palate 33 

Gingival hypertrophy 33 

Long philtrum 30 

Carp-like mouth 30 

Large mouth and wide-spaced teeth 30 

Open mouth 26 

Upslanted palpebral fissures 29 

Down slanting palpebral fissures 33 

Horizontal palpebral fissures 27 

Occipital asymmetry 33 

Bilateral epicanthic folds 27 

Deep-set eyes 27, 33 

Straight eyebrows 27 

Non facial features 

Wide-spaced nipples 33 

Café au lait macules and small feet  27 
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In summary research reporting on patients with the CDKL5 disorder over the last 

decade has mostly been restricted to small case series. Despite this, conclusions have 

been drawn about the apparent clinical picture and seizure profile of individuals with 

this disorder. Pooling of the available information has highlighted discrepancies and 

gaps that exist in our understanding of the clinical presentation of the CDKL5 disorder. 

Therefore there is a major need for large scale and comprehensive studies to be 

conducted to further examine and describe the clinical phenotype and seizure profile 

of this disorder, and particularly its presentation in males. In doing so, we will be able 

to determine whether or not the findings from previous small series of patients reflect 

the overall picture. 

 

1.4. Molecular and neurological consequences of CDKL5 mutations 

Since the discovery of causative mutations within the CDKL5 gene and the link with 

human disease, most research has been focused on defining the functional role of 

CDKL5 to better understand the underlying aetiology and therefore potential 

treatment and cure of the associated disorder. The following section of this literature 

review will focus on critically examining the research undertaken in this area. 

 

1.4.1. Identification and structure of the CDKL5 gene 

The CDKL5 gene was first identified, by Montini and colleagues, in 1998 as part of a 

transcriptional mapping effort in the Xp22 region, it was then named STK9.52 These 

authors found that the gene consisted of 20 coding exons and encoded a protein of 

1030 amino acids (aa). They also found the gene contained two protein kinase 

signatures in the N-terminal catalytic domain. The first was thought to be an ATP-

binding domain (aa 14-47) and the second a catalytic active domain which contained a 

conserved aspartic acid (aa 127-144). A conserved Thr-Xaa-Tyr motif in subdomain VII 

was also identified and the authors speculated that dual-phosphorylation may have a 

role in activation. It was later found, by Kalscheuer and colleagues, that the STK9 gene 

was actually composed of 23 exons, the first three being untranslated and therefore 

named exons 1, 1a and 1b.1 It was suggested that these most likely represented 

alternative transcription start sites and that translation started in exon 2. These 

authors were also responsible for the renaming of STK9 to CDKL5 as they found that 
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the kinase domain of the protein was closely related to human KKIAMRE and KKIARLE, 

members of a mitogen-activated protein kinase family that is related to the cell-

division cycle 2 proteins. Continued research into the expression of CDKL5 in various 

tissues identified three important localisation sequences in the CDKL5 gene.65 Two 

were located in the C-terminal portion of the protein and believed to be involved in 

localisation into and export from the cell nucleus. The third sequence was thought to 

be within the catalytic portion of the protein and also be involved in localisation into 

the cell nucleus. Rat specific isoforms were discovered in 2010, named Cdkl5a and 

Cdkl5b (lacks exon 17).66 In 2011 an additional exon was discovered between exon 16 

and 17, and therefore named exon 16b.42,67 More recently an Australian/Italian study68 

identified three novel C-terminal splice variants, one that is conserved across most 

species, one that is conserved in primates and the other in the mouse. The authors 

named these CDKL5107 (exon 1a-intron 18), CDKL5115 (original CDKL5 product exon 1-

21) and Cdkl5105 (mouse exon 19). Figures 2 and 3 show schematic representations of 

the most up-to-date gene and protein structure of CDKL5.69 

 

In summary, the CDKL5 gene contains 24 exons and spans approximately 240kb of the 

Xp22 region. The first three exons are untranslated with translation starting in exon 2. 

There are two main isoforms found in humans, CDKL5107 (exon 1a-intron 18) and 

CDKL5115 (original CDKL5 product exon 1-21) which are determined by alternative C-

terminal splicing. CDKL5 contains a kinase domain (aa 13-297) that has three important 

portions the ATP-binding domain (aa 19 – 43), S/T kinase active site (aa 131 – 143) and 

TEY motif (aa 169 – 171). The C-terminal region (aa 297 – 905) contains three 

important domains, the NLS 1 (nuclear localisation sequence one) (aa 312 – 315), NLS2 

(nuclear localisation sequence two) (aa 784 - 789) and NES (nuclear export sequence) 

(aa 836 – 845). 
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Figure 2. The genomic structure and splice variants of CDKL5 

a). The entire CDKL5 gene highlighting individual regions. Grey exons indicate non-translated exons, blue 

indicated kinase domain, white C-terminal region and the other colours indicate isoform-specific exons. 

b) Human specific isoforms, c) murine specific isoforms. Retrieved from “What We Know and Would Like 

to Know about CDKL5 and Its Involvement in Epileptic Encephalopathy”. 69 

 

 

 

 

Figure 3. Schematic representation of the CDKL5107 isoform. 

 

 

 

 

 

 

 

The kinase domain is shown in pink, the C-terminal region in white. Other functional domains (NLS: 

Nuclear localisation sequence, NES: Nuclear export sequence) and signatures are shown in other 

colours. Modified from “What We Know and Would Like to Know about CDKL5 and Its Involvement in 

Epileptic Encephalopathy”. 69 
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1.4.2. Profiling the expression of CDKL5 

Early expression data identified CDKL5 transcription within the human brain, placenta, 

lung kidney, pancreas, prostate and ovary.52 A smaller transcript was also detected in 

the human testis. The RNA isoform containing exon 1a and 1b (named isoform II) was 

found in low levels in the human foetal brain and testes, whilst Isoform I (containing 

exon 1) was found in high levels in a wide variety of cells including human fibroblast 

and lymphoidblastoid cells.1 The expression of CDKL5 was further examined using rat 

tissue.70 Cdkl5 was found to be expressed throughout various tissue types and during 

embryo development. Lin and colleagues went on to determine the cellular 

localisation of CDKL5 and found that it is predominantly localised in the nucleus, but 

some cytoplasmic expression was also noted.70  

 

Further investigation of the role of CDKL5 during mouse embryogenesis was 

determined by measuring the expression levels of CDKL5 at embryonic day 16.5, 

newborn mice, and postnatal days 12.5 and 120.65 It was found that Cdkl5 expression 

levels were minimal at embryonic day 16.5, but increased in maturing neurons during 

the perinatal period, and were even higher in the cerebral cortex and hippocampus 

during postnatal development. They then used western blotting on total brain extracts 

to show that Cdkl5 expression is highest at P14 and that it then decreases into 

adulthood, whereas in the cerebellum it continues to increase through to adulthood.  

 

Expression levels in the human brain were then investigated using 

immunohistochemistry65 and similar CDKL5 levels were found in the human and adult 

mouse brains. CDKL5 was detected in the majority of cells in the cerebellum, with 

greater levels detected in Purkinje cells compared to granular or stellate cells. In the 

dentate gyrus, greater levels were detected in the GABAergic cortical interneurons 

within the hilus compared to the granular neurons. There was no expression detected 

in the glia.65 Interestingly, the rat isoform Cdkl5b was found to be expressed in glia.66  

 

Finally further investigation of the endogenous distribution of Cdkl5 in the primary 

cortical neurons found that Cdkl5 was located in the nucleus and in dendrites (within 

the cytoplasm).65 During embryogenesis cdkl5 was equally distributed between the 
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nucleus and dendrites in some areas. However in hippocampus, cortex, hypothalamus 

and thalamus approximately 40% was found in the nucleus, as opposed to in the 

striatum and cerebellum, where approximately 80% was in cytoplasm. In late 

embryonic and early postnatal stages, there was more Cdkl5 in the cytoplasm, and less 

than 20% in nucleus. At P14 this proportion increases to 40% and remains stable until 

the adult stages.65 Another study also investigated the cellular distribution of Cdkl5 in 

the mouse embryo, had similar findings, however also finding that cdkl5 is almost 

exclusively located in the excitatory synapses.71  

 

More recently, after the identification of exon 16b, studies found that the isoform 

containing this exon was highly expressed in the mouse brain67 and was also detected 

in the human brain and embryonic kidney, however is undetectable in lymphoblastoid 

cells.42 The latest splice variants was shown to have tissue-specific expression, with 

CDKL5107 expressed in all tissue types and cell lines, whilst CDKL5115 was only found in 

testis.68 These authors also found that the levels of CDKL5107  were 10-100 fold higher 

than CDKL5115 in all tissues, 37 fold more in the whole brain and only 2.5 fold more in 

the testis. The mouse variants Cdkl5105 and Cdkl5107 were also found to have variable 

expression levels.68 Cdkl5105 was found in all tissues, whilst Cdkl5107 was higher in the 

testis and lower in the brain, kidney, heart, liver and lung.68 The authors then 

attempted to amplify the two different transcripts from various cell lines. They found 

that they were only able to amplify the smaller transcript. They then used western 

blotting to investigate the tissue distribution at the protein level. They concluded that 

Cdkl5105 was the main isoform expressed in human cells.68 

 

As intragenic mutations began to be identified in individuals with the early-onset 

seizure variant of Rett syndrome, further investigation of CDKL5 expression, especially 

in relation to MECP2 expression was undertaken.2,7 In 2004 Cdkl5 and Mecp2 were 

found to have significant overlap in activity within the mouse brain, however loss of 

Mecp2 did not impact the level of Cdkl5, leading the authors to suggest that Cdkl5 

works independently of Mecp2 either in parallel or upstream.2 This finding was further 

examined in 2005 using real-time qPCR to investigate whether CDKL5 and MECP2 

interacted at the transcription level.7 No significant difference in expression levels in 

the control vs. mutated samples was found. The authors then investigated the 
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expression patterns of CDKL5 and MeCP2 during neuronal maturation. They found 

significant overlap between MeCP2 and CDKL5 expression but, variable expression in 

specific tissue types, suggesting independent gene regulatory mechanisms. Further 

investigations of Mecp2 and Cdkl5 co-expression using immunohistochemistry found 

that in the adult mouse brains, consistent expression patterns were detected in the 

cerebral cortex, hippocampus and brainstem.65 The authors, using western blotting of 

whole cell lysates of specific brain areas, found that Mecp2 levels were uniform across 

cell types excluding the cerebellum. In contrast, Cdkl5 levels were modulated, with 

increased levels detected in the adult hippocampus, cortex, thalamus and striatum and 

lower levels detected in the hypothalamus and cerebellum.  

 

In summary, CDKL5 is expressed across different tissues types with the different 

isoforms having different tissue distributions. Recent findings suggest that CDKL5107 is 

the main isoform expressed in humans. This changes the originally predicated 

pathogenicity of many late C-terminal mutations.60 CDKL5 expression increases with 

maturation of neurons and appears to vary depending on the neuronal cell type, with 

no CDKL5 being detected in glia, and high levels detected in the Purkinje cells of the 

cerebellum and GABAergic cortical interneurons in the dentate gyrus. Expression levels 

between the nucleus and cytoplasm of neurons also differs with maturation with 

greater levels of Cdkl5 located in the cytoplasm in adulthood compared to during 

embryogenesis. Finally there is an overlap in expression between MeCP2 and CDKL5 

however CDKL5 levels are more modulated whilst MeCP2 levels remain uniform. 

 

1.4.3. Protein function and functional consequences of CDKL5 mutations 

Since the discovery that CDKL5 mutations cause disease in humans in 2003, 

researchers have been trying to identify how the CDKL5 protein functions and how 

disruption of this can result in human disease. As previously mentioned, the CDKL5 

protein can be divided into two main functional domains, the N-terminal catalytic 

domain and the C-terminal domain. Both of these domains contain various functional 

regions as shown in Figure 3.  
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In 2005 it was shown that CDKL5 had an autophosphorylation capability and was able 

to phosphorylate MeCP2 as the two proteins interact both in vivo and in vitro.7 Further 

examination of the functional domains of the CDKL5 protein revealed that the C-

terminal region, which spans nearly two thirds of the protein, was involved in protein 

stabilisation and that it acted as a negative regulator, decreasing kinase activity.70 A 

CDKL5 mutant missing the C-terminal region had increased expression and 

autophosphorylation activity.70 The C-terminal region also had a negative impact on 

the autophosphorylation of the TEY motif required for kinase activity. When CDKL5 

lacked the C-terminal region it was unable to localise into the nucleus and no longer 

interacted with MeCP2. Since MeCP2 is known to act as a transcriptional repressor, a 

study in 2010 hypothesised that Cdkl5 may be regulated by MeCP2 at the 

transcriptional level.72 The authors of this study used cocaine to induce MeCP2 in a rat 

model and then examined the impact that this had on Cdkl5 transcription. The authors 

found that in the rats that were exposed to cocaine, Cdkl5 expression was reduced in 

parts of the brain. They then went on to examine the epigenetic marks in the control 

and test rats using sodium bisulphite mapping and found that after 10 days there was 

an increase in the percentage of methylated CpGs in the rats exposed to cocaine. 

Further investigation found that if HDAC and DMNT were inhibited there was 

increased Cdkl5 expression, suggesting that methylation controls cdkl5 transcription 

and that both DMNT and HDAC are involved in cdkl5 repression.72 Finally, the authors 

investigated whether overexpression or silencing of Mecp2 would have a direct impact 

on Cdkl5 expression. They found that in cells that were overexpressing Mecp2, Cdkl5 

expression was repressed and that silencing Mecp2 resulted in Cdkl5 expression.   

 

Further research into the localisation of CDKL5 found that it co-localises with DNA 

methyltransferase 1 in the nucleus and binds to and phosphorylates its N-terminal 

domain in a DNA-dependent manner.73 Another study found that CDKL5 localises to 

nuclear speckles and forms a complex with the non-ribonucleoprotein particle splicing 

factor SC35.74 The authors found that the CDKL5 protein appears to control the nuclear 

speckle morphology, thus having an indirect effect on pre-mRNA processing.  

 

The actual impact that this has on the brain remains largely still unknown. In a study 

published in 2010 it was found, by silencing CDKL5 expression in the developing rat 
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brain, that CDKL5 was involved in regulating neuronal morphogenesis.66 The authors 

also found that CDKL5 expression in cortical neurons was required for dendritic 

arborisation. Furthermore, in vivo studies demonstrated that CDKL5 forms a protein 

complex with Rac1 within the cytoplasm, and that this interaction is regulated by 

growth factors such as BDNF.66  

 

These findings suggested that CDKL5 plays an important role in the cytoplasm, and 

directed researchers to identify the mechanisms required to shuttle CDKL5 from the 

nucleus into the cytoplasm. In 2011 it was shown that in unstimulated neurons there 

was no shuttling between the nucleus and cytoplasm. But when neurons were exposed 

to glutamate, cytosolic localisation of CDKL5 was observed.75 The authors suggested 

two possible causes for this phenomenon; that signalling pathways downstream of the 

glutamate receptor were either causing CDKL5 located in the nucleus to move into the 

cytoplasm or preventing CDKL5 located in the cytoplasm from entering the nucleus. By 

treating the cells with Leptomycin B the authors were able to show that upon 

glutamate stimulation active transport is required for CDKL5 to leave the nucleus. The 

authors then showed that this phenomenon occurred mainly in the glutamatergic 

neurons rather than GABAergic neurons. They then investigated whether there were 

variations in localisation depending on neuronal differentiation in vitro. The authors 

found that a stimulus did not trigger shuttling in young neurons, however, when they 

were at days in vitro 7 or later it did. They went on to demonstrate that extrasynaptic 

N-Methyl–D-aspartate receptors were required for the shuttling of CDKL5 between the 

nucleus and the cytoplasm.75 

 

In 2012, another study further investigated the involvement of CDKL5 in neuronal 

development and function.71 The authors were interested in investigating the role that 

CDKL5 plays in the dendritic spines and were able to show through silencing CDKL5 in 

hippocampal neurons that loss of CDKL5 was associated with impaired dendrite spine 

morphology and structure. There was also a decrease in the number of excitatory 

synapses and synaptophsysin puncta. The authors then went on to investigate whether 

this was due to a loss of kinase activity by overexpressing a kinase-dead form of CDKL5 

that has a dominant-negative effect on the wild-type CDKL5. By doing so they were 

able to reproduce the effects of complete loss of CDKL5, and so concluded that it is the 
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kinase activity that is important for dendrite spine morphology.71 The authors then 

showed that this effect also occurred in vivo. They then set out to identify the 

mechanisms that are responsible for the abnormal spine morphology by investigating 

potential interacting partners within the dendritic spines. They hypothesised that 

netrin-G1 receptor NGL-1 and other NGL family proteins may be involved, as previous 

research showed that truncation of NTNG1 caused similar features as seen in the 

CDKL5 disorder.76 The authors showed that CDKL5 and NGL-1 co-cluster and that when 

co-expressed, rather than localising in the cytoplasm, CDKL5 translocates to the cell 

membrane in overlap with NGL-1.71 This relationship was thought to involve 

phosphorylation of NGL-1 by CDKL5 and the authors then showed that CDKL5 

specifically phosphorylates serine 631 of NGL-1. The authors went on to show that this 

phosphorylation was important in sustaining the binding of NGL-1 and PSD95 (a 

protein involved in learning and memory).71 More recently CDKL5 was shown to be 

involved in neuronal cell differentiation and that it also inhibits cell proliferation 

through the blocking of cells in the G0/G1 phase of the cell cycle.77 

 

In summary, our understanding of the role and function of CDKL5 is still developing. 

Various targets have been identified including MeCP2, DNMT1 and NGL-1, but the 

exact roles and consequences of these interactions are still unclear. CDKL5 has been 

shown to play an important role in neuronal cell differentiation and proliferation, 

dendrite arborisation and dendritic spine morphology. It was also shown to play a role 

in pre-mRNA processing. Further research is needed to increase our understanding of 

the roles that CDKL5 plays in brain development and function. 

 

1.4.4. Neuropathological and functional consequences of CDKL5 mutations 

In 2012 the first (and only) article was published investigating the neuropathological 

consequences of CDKL5 mutations using post-mortem, results from a five year old 

girl.50 After a detailed post mortem the only significant abnormalities that were 

detected were within the central nervous system. The authors found that the occipital 

lobes appeared flattened and that the superior temporal gyri were deeply buried. They 

also noted malformations of the cerebellar vermis, including short gaps in the Purkinje 

cell layer and degeneration of the vermis and cerebellar hemispheres. More 
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specifically, they detected frequent axonal torpedoes in the vermis and cerebellar 

hemispheres. The authors concluded that the changes seen could be a result of seizure 

activity, drug therapy or the CDKL5 mutation. They concluded that the vermian 

neuronal heterotopias, axonal torpedos, flattened occipital lobes and unusually 

located superior temporal gyri were most likely caused by the CDKL5 mutation, whilst 

the cerebellar atrophy is linked to seizure activity and particular drug use (phenytoin 

therapy). The majority of other studies have investigated the consequence of CDKL5 

mutations at the molecular level. 

 

Not surprisingly, there is a great variation in the mutations and types of mutations that 

occur in the CDKL5 disorder (Appendix A). For MECP2 there are eight known hot-spots 

for recurrent mutations78 seen in Rett syndrome, however this does not appear to be 

the case for the CDKL5 disorder. There have been around 140 different mutations 

described in 179 individuals with the CDKL5 disorder. Of these around 14 mutations 

are recurrent (table 3) and the most common being p.Ala40Val (exon 4), 

c.2635_2636delCT, p.Lys879Glufs*908 (exon 18) and p.Arg59* (exon 5). There appears 

to be a collection of missense mutations occurring in exon 8 between c.552 and c.587 

(p.Arg175Ser, p.Trp176Cys, p.Arg178Trp, p.Arg178Gln, p.Arg178Pro, p.Pro180Leu, 

p.Trp195Leu and p.Ser196Leu) suggesting the possibility of a hot-spot at this location. 

Similar outcomes have been published in an article that examined the recurrent 

mutations in the CDKL5 disorder.47 

 

There has been one study that has investigated the genotype-phenotype relationships 

in the CDKL5 disorder.47 The authors screened 358 females for CDKL5 mutations and 

found a mutation in 26 individuals. Of these, 12 patients were identified to have one of 

eight recurrent mutations previously described in the literature. These 12 patients 

were pooled, with an additional 14 individuals previously described in literature. The 

authors concluded that missense mutations within the ATP-binding site (p.Ala40Val) 

caused a milder phenotype (phenotype severity based on factors such as gross motor 

ability, hand function, stereotypies and seizure severity) than missense mutations 

within the rest of the kinase domain and frameshift mutations within the C-terminal 

region. Previous studies have found that missense mutations located within the kinase 

domain interfere at various levels with the protein’s catalytic activity and therefore its 
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ability to autophosphorylate and phosphorylate target proteins.79 The catalytic activity 

of the protein has also been found to be important for its cellular localisation.65 

Mutations causing truncation at the C-terminal are suspected to cause mis-localisation 

of the CDKL5 protein and also increase its kinase activity.65,79 It has been speculated 

that these mutations may also cause a loss of function as the protein is being 

incorrectly localised.  

 

Table 3. Recurrent CDKL5 mutations reported in the literature. 

Location Gender Nucleotide 

change 

Protein change Number of 

individuals 

Reference

s 

Intron 3 Male c.99+5G>A p.Ala23Asnfs*

3 

2 32, 37 

Exon 4 Female c.119C>T p.Ala40Val 5 17, 20, 28 

Exon 4 Female c.211A>G p.Asn71Asp 2 23, 26 

Exon 4 Female c.215T>A p.Ile72Asn 2 44, 79 

Intron 4 Female c.145+2T>C p.Glu34fs 2 3, 13 

Exon 5 Female c.163_166delG

AAA 

p.Gln55fs 2 6, 28 

Exon 5 Female c.175C>T p.Arg59* 4 11, 30, 39, 

47 

Exon5 Female c.380A>C p.His127Arg 2 19, 39 

Exon5 Female c.400C>T p.Arg134* 2 42, 47 

Exon 8 Female c.525A>T p.Arg175Ser 2 4, 44 

Exon 8 Female c.532C>T p.Arg178Trp 3 20, 26, 47 

Exon 8 Male c.533G>A p.Arg178Gln 2 40, 47 

Exon 8 Male c.533G>C p.Arg178Pro 2 15, 20 

Exon 8 Female c.586C>T p.Ser196Leu 2 27, 46 

Exon 12 Female c.1039C>T p.Gln347* 2 26, 40 

Exon 12 Female c.1311dupC p.Ser438Qfs*4

71 

2 3, 20 

Exon 12 Female c.1648C>T p.Arg550X 3 13, 42, 47 

Exon 12 Male/ c.1675C>T p.Arg559* 2 23, 40 
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Female 

Intron 16 Female c.2376+1G>A 

(IVS16+1G>A) 

p.Ls760fs*769 2 11, 79 

Exon 18 Female c.2500C>T p.Gln834* 2 3, 9 

Exon 18 Female c.2635_2636d

elCT  

p.Leu879Efs*9

08 

5 3, 6, 47, 

51 

 

 

In the light of all these findings, it appears that larger studies are needed to further 

investigate the variation seen between and within mutation categories to fully 

understand the functional consequences of CDKL5 mutations. 

 

1.5. Hypotheses and Aims 

The overall aim of this thesis was to describe the natural history and clinical 

management of the CDKL5 disorder using questionnaire data collected from families in 

Australia and internationally. These aims were investigated in three phases.  

 

The first phase of the study was a preliminary analysis of the phenotype of females and 

males with a CDKL5 mutation that were ascertained in the International Rett syndrome 

Database,81 InterRett, between 2007 and 2012. The specific aims were to describe the 

clinical features of currently ascertained cases with a CDKL5 mutation, investigate the 

proportion of females and males with a CDKL5 mutation that meet the recently 

published criteria for early-onset seizure variant of Rett syndrome53, compare the 

occurrence of Rett syndrome features between females with a CDKL5 mutation and 

those with a pathogenic MECP2 mutation, and describe the presence of dysmorphic 

features of the face, hands and feet in the CDKL5 disorder. This also informed the 

structure and content of the questionnaire data collection tools that were developed 

in phase two. 

 

The second phase of this study developed the infrastructure and tools required for 

international data collection. More specifically, an International CDKL5 Disorder 

Database and the data collection tools required were developed for the collection of 
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family information. An active Consumer Reference Group was involved in this process. 

Ascertainment of additional CDKL5 disorder cases worldwide has commenced. 

 

Phase three of this study investigated the natural history and clinical management of 

females and males with the CDKL5 disorder. This thesis specifically: 

 investigated the development of functional abilities such as gross motor skills, 

communication abilities and hand function 

 examined the progression and changes in epilepsy over time  

 described the seizure management regimen including diet, AEDs and VNS 

 and determined whether any genotype-phenotype relationships exist 

 

1.6. Summary 

The CDKL5 disorder is a rare, newly identified cause of early-onset epileptic 

encephalopathy with severe gross motor and communication impairment. Two small 

studies have attempted to define the clinical picture of the CDKL5 disorder, and other 

studies specifically focused on epilepsy were based on samples of fewer than 15 

females with the CDKL5 disorder. Whilst 186 cases have been described in the 

literature, the majority have been case studies or small case series with inconsistent 

reporting of features. There are still many discrepancies and much variability in the 

clinical presentation of children and adults with the CDKL5 disorder. Therefore, a larger 

dataset was required to provide a more detailed and accurate picture of the CDKL5 

disorder.  
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Forward to Chapter Two 

 

Review of the literature on individuals with a CDKL5 mutation indicated that there 

were many gaps in our knowledge and understanding of the clinical presentation and 

natural history of these individuals. These individuals were often referred to as having 

the early-onset seizure variant of Rett syndrome and two sets of clinical criteria were 

described in 2010. The following chapter aimed to address the question of whether 

individuals with a CDKL5 mutation should be clinically diagnosed as the early-onset 

seizure variant of Rett syndrome, or whether they might be an independent clinical 

entity. Data collected through InterRett, since 2007, on individuals with a CDKL5 

mutation were used. Approval for this study was provided by the Princess Margaret 

Hospital for Children Ethics Committee, Perth, Western Australia, Australia. This 

chapter also provided the preliminary data necessary to establish the first 

International CDKL5 Disorder Database 

 

The following chapter was published in the European Journal of Human Genetics in 

2013. Fehr S, Wilson M, Downs J, Williams S, Murgia A, Sartori S, Vecchi  M, Ho G, Polli 

R, Psoni S, Bao X, de Klerk N, Leonard H, and Christodoulou J. The CDKL5 disorder is an 

independent clinical entity associated with early-onset encephalopathy. European 

Journal of Human Genetics. 2013;21(3):266-273. 
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Chapter Two: The CDKL5 disorder is an independent clinical 

entity associated with early-onset encephalopathy 

 

2.1. Abstract 

The clinical understanding of the CDKL5 disorder remains limited, with most 

information derived from small patient groups seen at individual centres. This study 

uses a large international data collection to describe the clinical profile of the CDKL5 

disorder and compare with Rett syndrome. Information on individuals with CDKL5 

mutations (n=86) and females with MECP2 mutations (n=920) was sourced from the 

InterRett database. Available photographs of CDKL5 patients were examined for 

dysmorphic features. The proportion of CDKL5 patients meeting the recent Neul 

criteria for atypical Rett syndrome was determined. Logistic regression and time-to-

event analyses were used to compare the occurrence of Rett-like features in those 

with MECP2 and CDKL5 mutations. Most individuals with CDKL5 mutations had severe 

developmental delay from birth, seizure onset before the age of three months and 

similar non-dysmorphic features. Less than one-quarter met the criteria for early-onset 

seizure variant Rett syndrome. Seizures and sleep disturbances were more common 

than in those with MECP2 mutations whereas features of regression and spinal 

curvature were less common. The CDKL5 disorder presents with a distinct clinical 

profile and a subtle facial, limb and hand phenotype that may assist in differentiation 

from other early-onset encephalopathies. Although mutations in the CDKL5 gene have 

been described in association with the early-onset variant of Rett syndrome, in our 

study the majority did not meet these criteria. Therefore, the CDKL5 disorder should 

be considered separate to Rett syndrome, rather than another variant. 
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2.2. Introduction 

Mutations in the CDKL5 gene have been found in individuals diagnosed with the early-

onset seizure variant of Rett syndrome (Early-Onset Seizure Variant Rett syndrome), 

infantile spasms or West syndrome. In 2003, chromosomal rearrangements involving 

the CDKL5 gene were identified in two females with severe intellectual disability and 

early-onset seizures1 and the following year in four females with Rett syndrome.2,3 To 

date, 141 individuals (127 females and 14 males) with a CDKL5 mutation have been 

described, mostly within small case series,1-38 the largest including 20 patients.11 

Therefore the understanding of the CDKL5 disorder profile is still limited and a larger 

series is required to further understand its presentation and natural history. 

 

The clinical characteristics commonly associated with a CDKL5 mutation include early-

onset seizures and severe intellectual and gross motor impairment. The early-onset 

seizure variant of Rett syndrome was originally described in a girl with Rett syndrome 

who developed seizures by one year of age.39 The recently published Neul criteria40 for 

atypical Rett syndrome included five specific items (early-onset seizures before five 

months of age, infantile spasms, refractory myoclonic epilepsy, seizure onset before 

regression and decreased frequency of typical Rett syndrome features) for 

differentiating the early-onset seizure variant from other atypical forms. The number 

of distinguishing criteria required for a diagnosis of early-onset seizure variant of Rett 

syndrome was not clear although testing for a CDKL5 mutation was recommended. 

 

Various dysmorphic features have also been described in individuals with a CDKL5 

mutation including large deep-set eyes, strabismus, high forehead, full lips, wide 

mouth and widely spaced teeth.1,4,5,7,13,18,20,22,25,26,28-30,35 The presence of typical facial 

or other  features could provide additional assistance in the clinical identification of 

individuals with a CDKL5 mutation. 

 

Here we describe the phenotype of females and males with a pathogenic or potentially 

pathogenic CDKL5 mutation, identified through the International Rett syndrome 

Phenotype Database (InterRett).41 We assessed whether individuals with a CDKL5 

mutation shared similar characteristics of the face, hands and feet. We determined 
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whether these individuals met the latest criteria for early-onset seizure variant of Rett 

syndrome40 and compared the presence of Rett syndrome features in females who 

have a CDKL5 mutation with females who have a pathogenic MECP2 mutation.  

 

2.3. Materials and Methods 

InterRett is an international Rett syndrome database which has ascertained over 2000 

Rett syndrome cases worldwide since 2003.41 Since 2007, partly through the advocacy 

of the family support group, families of an individual with a CDKL5 mutation have been 

invited to complete an InterRett questionnaire. Families also provided photographs of 

their son or daughter’s face (frontal and side), hands (dorsal and palmar) and feet 

(dorsal and plantar). A comparison group of females with Rett syndrome and a 

pathogenic MECP2 mutation was also obtained from the InterRett database.  

 

Data from family and clinician questionnaires, concerning acquisition of gross motor 

milestones, purposeful hand function and speech, presence of hand stereotypies, 

seizures, gastrointestinal problems, spinal curvature (scoliosis or kyphosis), autonomic 

problems and sleep problems were examined. All photographs of patients with CDKL5 

mutations were reviewed by a clinical geneticist (MW) and the characteristics noted 

were tabulated.  

 

Approval for this study was provided by the Princess Margaret Hospital for Children 

Ethics Committee, Perth, Western Australia. 

 

2.3.1. Statistical analysis  

The phenotypical characteristics of the CDKL5 disorder and the difference between 

females and males were determined using descriptive statistics. The proportion of 

CDKL5 disorder individuals that met each of the criteria for early-onset seizure variant 

Rett syndrome, by sex and age (aged five years and younger or over five years) was 

determined. Clinical features known to be associated with Rett syndrome were 

compared between females with a CDKL5 mutation and females with a MECP2 

mutation. Odds ratios adjusting for age were estimated. Survival analysis was used to 

investigate the timing of onset of seizures, stereotypies and spinal curvature.  
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2.4. Results 

Seventy-seven females and nine males with a CDKL5 mutation were included in this 

study (Appendix C contains genetic information). Age at ascertainment ranged from 6 

months to 22.4 years (mean 6.1 years, median 4.7 years) for females and 1.1 to 14.9 

years (mean 5.2 years, median 4.6 years) for males. 

 

2.4.1. Seizures and motor delay  

Seizures occurred in all except one female, and in all males, at a mean age of 7.3 weeks 

(range 0.3 to 34.8) and 6.4 weeks (2.1 to 13.0 weeks) respectively. Seizures occurred 

by three months of age in 90%. At ascertainment, 52/72 females and 8/9 males had 

daily seizures, 5/72 females had weekly seizures, 10/72 females and 1/9 males had 

monthly seizures, while the remaining five females had no seizures in the last year. 

Nine families reported that their child was no longer treated with anticonvulsant 

medications. 

 

Severe gross motor delay was reported in all but three females. The ability to sit was 

acquired by just over half (41/75, 54.7%) of the females (mean age 25.2 months, 

median 18.2 months, range 6 months to 14 years) and by one male at 8 months. Eight 

(10.8%) females achieved independent walking at a mean age of 39.6 months (95% CI 

28.2-51.1, and median 38 months, range 1.4-5.5 years). A further nine (13.6%) females 

walked with assistance (mean age 41.2 months, 95% CI 26.4-55.9, range 1.6-5 years). 

No males were able to walk, with or without assistance. 

 

2.4.2. Hand function and speech 

Functional hand use was acquired by just over half (43/72) of females and 1/8 males, 

of whom 11/37 (29.8%) females and no males lost the ability. Early speech skills 

(ranging from babble to single words) were acquired by 30/76 (39.5%) females and 2/9 

(22.2%) males, of whom 14/29 (48.3%) females and no males subsequently lost 

speech. Families of 57/72 females and 6/8 males felt that their child could 

communicate non-verbally (e.g. facial expressions, sign language and/or eye pointing) 

and families of 56/72 females and 6/8 males felt their child was able to follow simple 

commands and respond to changes in tone of voice.  
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2.4.3. Rett-like features and co-morbidities 

Hand stereotypies developed in 61/76 (80.3%) females (mean age 13.1 months, 

median 1 year, range 3 months to 5.5 years). In comparison only 3/9 (33.3%) males 

developed stereotypies at 3, 12 and 24 months (p=0.004). In the majority (41/56, 

73.2%) more than one type of hand stereotypy was present, the most frequently 

described being mouthing (n=36/56), wringing (n=18/56), clapping (n=18/56), biting 

(n=12/56) and clasping (n=11/56). Regression in skills occurred in 25/77 (32.5%) 

females (mean age of 18.5 months) and no males. 

 

Gastrointestinal problems, such as constipation and reflux, were present in 59/75 

(78.7%) of females and in 8 males. A spinal curvature was reported in 20.5% (15/73) of 

females (mean age of onset (where known) 7.6 years, range 2 to 14 years) and one 

third of the males (age range 4 to 13 years). Autonomic problems, such as cold feet, 

were present in just under half of females (30/73, 41.1%) and 3/8 of males, whilst 

sleep problems occurred in 89.9% (62/69) of females and 87.5% (7/8) males. Head 

growth deceleration occurred in 25/42, however only 3 of these would be classified as 

having microcephaly. 

 

2.4.4. Dysmorphism 

Initial review of photographs (60 females and 7 males) indicated that “dysmorphism” 

was subtle. Frequently observed facial features included: a prominent and/or broad 

forehead; high hairline; relative mid-face hypoplasia; deep-set but “large”-appearing 

eyes and infra-orbital shadowing (figure 4). Eyebrows were usually well defined and 

tended to be straight rather than arched. Synophrys was present in 13.4% overall but 

was more prevalent in males (42.9%). Lips were full in most, often with eversion of the 

lower lip. Ears were normally placed and of normal configuration. Young children 

tended to have a low nasal bridge, mildly anteverted nares, prominent nasal tip and a 

well-defined (normal) philtrum (table 4). With age the facial appearance tended to 

coarsen, but the nasal profile remained notably straight in nearly all individuals.  

 

The fingers in young children were often tapered, some with puffy proximal and 

narrowed distal phalanges. Some had a puffy dorsum of the hands and/or feet. In 
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older individuals, the fingers tended to be slender, with prominent proximal 

interphalangeal (IP) joints and narrow distal IP joints. Hallux valgus was present in 25%. 

Some had relatively long great toes, with slightly broad toenails. Toes 2-5 were usually 

very regular in shape and position, with mild brachydactyly (table 4).  

 

Figure 4. Examples of identified facial, hand and feet features in males and females 

with the CDKL5 disorder (n=67). 

 

(a) Female aged 1 year and 10 months: high/prominent forehead, deep-set eyes, prominent lips, well-defined 

philtrum, proximal puffy phalanges and tapered fingers. (b) Female aged 2 years: high/prominent forehead, deep-

set eyes, prominent lips, well-defined philtrum, tapered fingers, slightly broad hallux, hallux valgus and ‘regular’ 

toes. (c) Female aged 4 years: deep-set eyes, a well-defined philtrum, laterally orientated nasal apertures, 

prominent lips, slightly tapered fingers, small distal phalanges and a broad hallux. (d) Female aged 3 years and 2 

months: prominent forehead, mild synophrys, deep-set eyes, prominent lips, puffy proximal phalanges, tapered 

fingers, slightly broad hallux and ‘regular’ other toes. (e) Female aged 7 years and 11 months: high/prominent 

forehead, deep-set eyes, everted lower lip, puffy proximal phalanges, prominent proximal IP joints and tapered 

fingers. (f) Female aged 14 years: broad forehead, deep-set eyes, epicanthic folds, well-defined philtrum, prominent 

lips, tapered fingers and prominent proximal IP joints. (g) Female aged 24 years and 2 months: high forehead, deep-

set eyes, well-defined philtrum and prominent lips. (h) Male aged 4 years 4 months: high/prominent forehead, well-

defined philtrum, prominent lips, tapered fingers and ‘regular’ toes. 
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Table 4. The distribution of observed dysmorphic features identified in 60 females 

and 7 males with the CDKL5 disorder. 

Feature Number of cases (%) 

Broad/prominent forehead 46/62 (74.2) 

High forehead (not broad) 5/62 (8.1) 

Receding or narrow forehead 3/62 (4.8) 

Deep set eyes 49/67 (73.1) 

Synophrys (5 females, 3 males) 8/67 (13.4) 

Well-defined philtrum 40/66 (60.6) 

Full lips/everted lower 45/67 (67.2) 

Fingers proximally puffy/prominent proximal IP joint 26/62 (41.9) 

Hallux valgus 16/64 (25.0) 

Abbreviations: CDKL5, cyclin-dependent kinase-like 5; IP, interphalangeal. 

 

The spectrum of features was similar overall in females and males, but 5/7 males had a 

distinctly anteverted nasal tip, two of whom had a short philtrum and retracted, 

everted upper lip. Only one female had anteverted nares; she also had a receding 

forehead and laterally upswept eyebrows; she had a 2.7Mb deletion including the 

CDKL5 and NHS genes. The mutation type and features present in non-typical 

individuals is shown in Table 5. 

 

Table 5. Genotype information for individuals with non-typical dysmorphic features. 

Mutation Features 

Females  

c.2376+5G>A, p.(Lys760Tyrfs*10) Receding forehead 

c.2154_2155insGT (p.P719fs) High narrow forehead 

c.-253-?_*1085del, p.(0) Receding forehead and anteverted pointy nose 

Males  

c.473G>C (p.Arg158Pro) Retracted upper lip, short philtrum and 

anteverted, hypoplastic nasal tip 

c.175C>T (p.Arg59*) Retracted upper lip, short philtrum and 

anteverted pointy nose 
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2.4.5. Fulfilment of criteria for Early-Onset Seizure Variant Rett syndrome 

Overall 19/75 (23.7%) females and no males fulfilled all criteria for Early-Onset Seizure 

Variant Rett syndrome (table 6). This was largely due to the absence of regression in all 

males and 67.5% of females. Hand function was lost by only 16.7% and spoken 

language by only 18.7% of females. No male lost either hand function or spoken 

language. Gait abnormalities were the most widely met main criterion. Bruxism, 

impaired sleep and abnormal muscle tone were the most widely met supportive 

criteria. 

 

More females aged over 5 years (12/36) met all criteria in comparison to those aged 5 

years and younger (7/39) (table 6).  Just under half of the females aged over 5 years 

had developed a spinal curvature, compared to less than 5% of those aged 5 years and 

younger. In males all those aged over 5 years had a spinal curvature compared to none 

of those less than 5 years. Peripheral vasomotor disturbances were also reported more 

frequently in the older group in both females and males. 

 

2.4.6. Comparison between females with the CDKL5 disorder and females 

with Rett syndrome 

There were a total of 920 females with a clinical diagnosis of Rett syndrome and a 

pathogenic MECP2 mutation. Data was available from both families and clinicians 

(n=574) and from clinicians only (in de-identified form, n=346). The mean age of the 

females with Rett syndrome was 10.5 years (range 1.3 to 54.2 years). After adjusting 

for age, females with the CDKL5 disorder were more likely to have seizures (OR 54.01, 

95% CI 7.45-391.33) and sleep disturbances (OR 4.89, 95% CI 2.20-10.89) than females 

with Rett syndrome (table 7). They were less likely to have breathing disturbances (OR 

0.43 95%, CI 0.26-0.71), a spinal curvature (OR 0.34, 95% CI 0.17-0.65) and 

gastrointestinal problems (OR 0.52, 95% CI 0.27-0.98); to develop hand stereotypies 

(OR 0.12, 95% CI 0.06-0.25) and to lose hand (OR 0.06, 95% CI 0.03-0.12) and speech 

skills (OR 0.13, 95% CI 0.07- 0.23).   
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Table 6. The proportion of females (n=77) and males (n=9) which met each of the latest criteria for early-onset seizure variant of Rett syndrome.42 

2010 early-onset seizure variant of Rett syndrome criteria Number of CDKL5 positive cases 

Female Male 

≤ 5 years > 5 years All ≤ 5 years > 5 years All 

Necessary criteria 

A period of regression followed by recovery or stabilization 10/41 (24.4) 15/36 (41.7) 25/77 (32.5) 1/6 (16.7) 0/3 (0.0) 1/9 (11.1) 

Main criteria 

Partial or complete loss of acquired purposeful hand function 4/36 (11.1) 7/30 (23.3) 11/66 (16.7) 0/5 (0.0) 0/3 (0.0) 0/8 (0.0) 

Partial or complete loss of acquired spoken language 8/40 (20.0) 6/35 (17.1) 14/75 (18.7) 0/6 (0.0) 0/3 (0.0) 0/9 (0.0) 

Gait abnormalities: Impaired (dyspraxic) or absence of ability 40/40 (100.0) 27/34 (79.4) 67/74 (90.5) 6/6 (100.0) 3/3 (100.0) 9/9 (100.0) 

Stereotypic hand movements  32/41 (78.0) 29/35 (82.9) 61/76 (80.3) 3/6 (50.0) 0/3 (0.0) 3/9 (33.3) 

Supportive criteria 

Breathing disturbances when awake 19/38 (50.0) 17/33 (51.5) 36/71 (50.7) 3/6 (50.0) 2/3 (66.7) 5/9 (55.5) 

Bruxism when awake 33/40 (82.5) 30/33 (90.9) 63/73 (86.3) 5/5 (100.0) 3/3 (100.0) 8/8 (100.0) 

Impaired sleep pattern 31/36 (86.1) 31/33 (93.9) 62/69 (89.8) 5/5 (100.0) 2/3 (66.7) 7/8 (87.5) 

Abnormal muscle tone 13/15 (86.7) 10/11 (90.0) 23/26 (88.5) 2/2 (100.0) N/A 2/2 (100.0) 

Peripheral vasomotor disturbances 11/40 (27.5) 19/33 (57.6) 30/73 (41.1) 1/5 (20.0) 2/3 (66.7) 3/8 (37.5) 

Scoliosis/Kyphosis 1/39 (2.6) 14/34 (41.2) 15/73 (20.5) 0/5 (0.0) 3/3 (100.0) 3/8 (37.5) 

Growth retardation 6/10 (60.0) 6/9 (66.7) 12/19 (63.1) 0/2 (0.0) Missing 0/2 (0.0) 
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Small cold hands or feet 19/39 (48.7) 24/31 (77.4) 43/70 (61.4) 2/5 (40.0) 2/3 (66.7) 4/8 (50.0) 

Inappropriate laughing/screaming spells 22/35 (62.9) 29/32 (90.6) 51/67 (76.1) 3/5 (50.0) 1/3 (33.3) 4/8 (50.0) 

Diminished response to pain 15/37 (40.5) 11/31 (35.5) 26/68 (38.2) 0/5 (0.0) 1/3 (33.3) 1/8 (12.5) 

Intense eye communication ‘eye pointing’ 5/37 (13.5) 5/33 (15.1) 10/70(14.3 ) 0/5 (0.0) 0/3 (0.0) 0/8 (0.0) 

Early-onset seizure variant specific criteria 

Early onset seizures before 5 months of age 40/40 (100.0) 32/35 (91.4) 72/75 (96.0) 6/6 (100.0) 3/3 (100.0) 9/9 (100.0) 

Infantile spasmsa 11/22 (50.0) 3/14 (21.4) 14/36 (38.9) 1/3 (33.3) 1/1 (100.0) 2/4 (50.0) 

Refractory myoclonic epilepsyb N/A 

Seizure onset before regression 40/41 (97.6) 30/36 (83.3) 70/77 (90.9) 4/5 (80.0) 3/3 (100.0) 7/8 (87.5) 

Decreased frequency of typical Rett syndrome featuresc N/A 

Meets criteria for atypical Rett syndrome 

Necessary criteria 10/41 (24.4) 15/36 (41.7) 25/77 (32.5) 1/6 (16.7) 0/3 (0.0) 1/9 (11.1) 

2 of the 4 main criteria 32/40 (80.0) 25/33 (75.8) 57/73 (79.5) 3/6 (50.0) 0/3 (0.0) 3/9 (33.3) 

5 of the 11 Supportive criteria 20/28 (71.4) 26/26 (100.0) 46/54 (86.4) 2/3 (66.7) 3/3 (100.0) 5/6 (83.3) 

All criteria 7/39 (17.9) 12/36 (33.3) 19/75 (23.7) 0/6 (0.0) 0/3 (0.0) 0/9 (0.0) 

aThe occurrence of infantile spasms was determined from the clinician questionnaire or if the family had listed infantile spasms as their child’s diagnosis 

bOur questionnaire did not contain enough information to be able to determine this criterion 

cDecreased frequency of typical Rett syndrome features was not able to be determined as it is unclear which features are included and what is considered a ‘decreased’ frequency  
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Table 7. Comparison of the occurrence of Rett syndrome features in 77 females with 

the CDKL5 disorder and 920 females with a pathogenic MECP2 mutation. 

Rett syndrome 

characteristics 

Number of 

MECP2 positive 

cases (%) 

Number of 

CDKL5 positive 

cases (%) 

Odds ratio 

(95% CI) 

Age adjusted 

Odds ratio 

(95% CI) 

Breathing 

disturbances 

602/829 (72.6) 36/71 (50.7) 0.39 

(0.24-0.63) 

0.43 

(0.26-0.71) 

Gastrointestinal 

problems 

511/564 (90.6) 59/75 (78.7) 0.38 

(0.20-0.71) 

0.52 

(0.27-0.98) 

Spinal curvature 

identified 

432/830 (52.0) 15/73 (20.5) 0.24 

(0.13-0.43) 

0.34 

(0.17-0.65) 

Sleep disturbances 513/766 (67.0) 62/69 (89.9) 4.37 

(1.97-9.68) 

4.89 (2.20-

10.89) 

Abnormal muscle 

tone 

208/254(81.9) 23/27 (85.2) 1.27 

(0.42-3.80) 

1.29 

(0.42-4.00) 

Autonomic 

disturbances 

459/783 (58.6) 30/73 (41.1) 0.49 

(0.30-0.80) 

0.67 

(0.40-1.10) 

Head deceleration 252/398 (63.3) 25/42 (59.5) 0.85 

(0.44-1.63) 

0.92 

(0.47-1.77) 

Hand stereotypies 815/838 (97.3) 61/76 (80.3) 0.11 

(0.06-0.23) 

0.12 

(0.06-0.25) 

Bruxism 666/781 (85.3) 63/73 (86.3) 1.09 

(0.54-2.18) 

1.08 

(0.53-2.18) 

Seizures 545/853 (63.9) 76/77 (98.7) 42.95 

(5.94-310.38) 

49.95 

(7.58-398.11) 

Loss of hand 

function 

627/795 (78.9) 11/66 (16.7) 0.05 

(0.03-0.10) 

0.06 

(0.03-0.12) 

Loss of spoken 

language 

568/844 (67.3) 14/75 (18.7) 0.11 

(0.06-0.20) 

0.13 

(0.07- 0.23) 

Gait abnormalities 736/845 (87.1) 67/74 (90.5) 1.42 

(0.63-3.17) 

1.52 

(0.68-3.42) 
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Time to event analysis (Figures 5-7) showed that females with the CDKL5 disorder were 

more likely to develop seizures earlier, with three quarters of females having 

developed epilepsy before 12 months of age compared to 10 years for Rett syndrome 

(HR 24.8, 95% CI 18.6-32.9). Hand stereotypies also appeared earlier in females with 

the CDKL5 disorder, with 75% having developed them by two years of age compared to 

75% by three years for females with Rett syndrome (HR 1.1, 95% CI 0.86-1.5). A spinal 

curvature was less likely in females with the CDKL5 disorder compared to females with 

Rett syndrome (HR 0.51, 95% CI 0.28-0.90).  

 

Figure 5. Kaplan–Meier survival curve for the risk of developing seizures by single 

year of age. 

 

 

Figure 6. Kaplan–Meier survival curve of the risk of developing hand stereotypies by 

single year of age. 
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Figure 7. Kaplan–Meier survival curve for the risk of developing a spinal curvature by 

single year of age. 

 

 

The most characteristic features of females and males with the CDKL5 disorder are 

shown in table 8. These features can be used as a guide to assist decision-making 

where targeted CDKL5 mutation analysis is being considered. 

 

2.5. Discussion 

Individuals with mutations in the CDKL5 gene have been variably classified as having 

early infantile epileptic encephalopathy, X-linked dominant infantile spasm syndrome, 

the Early-Onset Seizure Variant Rett syndrome or diagnosed with other epileptic 

disorders such as West syndrome.1,3 We described the clinical presentation and 

physical appearance of individuals with the CDKL5 disorder, providing information 

from a large international dataset. The CDKL5 disorder appears to be characterised by 

seizure onset in the majority before three months of age, severely impaired gross 

motor, language and hand function skills, and subtle but shared physical characteristics 

such as a prominent/broad forehead, deep-set but large-appearing eyes, full lips and 

tapered fingers. Our findings suggest that the CDKL5 disorder is an independent entity 

and should not be considered part of the Rett syndrome spectrum, as less than 25% of 

the cases in our study would meet the clinical criteria for the Early-Onset Seizure 

Variant Rett syndrome. Therefore we propose that females and males with a mutation 

in the CDKL5 gene be given a specific diagnosis of the CDKL5 disorder. 
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Table 8. Clinical features suggesting a diagnosis of the CDKL5 disorder. 

Extremely likelya Seizures within the first year of life (90% by 3 months) 

Global developmental delay 

Severely impaired gross motor function 

Very likelyb Sleep disturbances 

Abnormal muscle tone 

Bruxism 

Gastrointestinal issues 

Likelyc Subtle dysmorphic features including 3 or more of the following: 

Broad/prominent forehead; large “deep-set” eyes; full lips; 

tapered fingers; and anteverted nares in males 

Hand stereotypies 

Laughing and screaming spells 

Cold hands or feet 

Breathing disturbances 

Peripheral vasomotor disturbances 

Unlikelyd Independent walking 

Microcephaly 

Major dysmorphic malformations 

a Observed in > 90% of cases in the current study; b observed in 80-90% of cases in the 

current study; c observed more variably in 40-80% of cases in the current study,  

d observed in <10% of cases in the current study. 

 

Our study found that early-onset epilepsy was one of the hallmark features of the 

CDKL5 disorder. In the literature many seizure types and EEG changes have been 

described. These include infantile spasms, multifocal and generalised seizures with 

myoclonic, tonic (tonic vibratory) and clonic features. Reported EEG patterns include a 

normal background, background slowing and a burst-suppression pattern.10,12 Whilst 

no specific seizure semiology has been described, two reports have noted a seizure 

pattern that may be unique to this disorder.31,34 The first (n=4) reported a seizure 

pattern of tonic-tonic/vibratory contraction, followed by a clonic phase with spasms 

and finishing with distal myoclonus.34 The second (n=4) reported an initial hypermotor 
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phase, then tonic extension, followed by spasms. Severe developmental delay was 

typical of the CDKL5 disorder. Learning to sit and walk was usually considerably 

delayed or not achieved, more so in males.43 Communication was usually restricted to 

non-verbal strategies. It would be important to further investigate the influences of 

genotype, seizure severity or therapy utilization on early development in those with 

the CDKL5 disorder. Consistent with other literature1-38 our large case series confirms 

that early-onset of epilepsy and severe developmental delay are key features.  

 

Males with the CDKL5 disorder in this study tended to be more severely affected. None 

learned to walk, with or without assistance, and few acquired spoken communication 

and hand function. Seizure onset was slightly earlier than in females, and all males 

were having either daily or monthly seizures.  Hand stereotypies were reported in only 

a third of males compared to 80% of females. Some of these differences may be due to 

amelioration of the phenotype in females because of X-inactivation resulting in a 

mosaic expression of normal and mutant CDKL5 protein. In Rett syndrome, males tend 

to be either extremely affected, often dying at an early age due to severe infantile 

encephalopathy, or more mildly affected than females.44 Those who are more mildly 

affected tend to have hypomorphic MECP2 mutations that are not found in females 

with Rett syndrome. It would be of interest to further investigate the genetic variability 

between males and females with the CDKL5 disorder to determine whether a similar 

phenomenon exists. 

 

We observed a shared physical resemblance between females with the CDKL5 

disorder, with the most consistent features being a prominent/broad forehead, deep-

set but “large-appearing” eyes, full lips and tapered fingers. Most affected males were 

more obviously dysmorphic, with distinctly anteverted nares and several males also 

had a short philtrum and everted upper lip. Previous studies of the CDKL5 disorder 

have also reported dysmorphic features including: large deep-set eyes, strabismus, 

high forehead, full lips, wide mouth, widely spaced teeth and a high 

palate.1,4,5,7,13,18,20,22,25,26,28-30,35 Dysmorphic features have been described in other 

conditions presenting with early-onset encephalopathy, such as those with FOXG1 

mutations and in Pitt-Hopkins syndrome (PHS). In those with FOXG1 mutations, subtle, 

non-specific dysmorphic features have been reported, along with severe microcephaly, 
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which is typical of FOXG1 syndrome but not common in individuals with the CDKL5 

disorder.45 The facial features in PHS include a high nasal bridge and prominent, 

beaked nose, different from the consistently straight nose and normal or low nasal 

bridge seen in the CDKL5 disorder. While both can have prominent lips, the lips in PHS 

have a more marked cupid’s-bow contour. Individuals with PHS may have clubbing of 

the fingertips whereas in the CDKL5 disorder the distal phalanges are relatively narrow 

and/or short.46 In classical Rett syndrome no typical facial gestalt has been described, 

although some clinicians have suggested a facial similarity to Angelman syndrome.47 A 

recent study using a combination of measurement and subjective impression found 

the only distinctive facial profile difference in Rett syndrome was a relatively broad 

upper face, especially in girls less than three years old.48 Whilst subtle, the features 

that we have described appear to be characteristic of the CDKL5 disorder population, 

and could therefore be useful in determining whether the patient warranted CDKL5 

specific mutation testing. 

 

The majority of patients in this study with the CDKL5 disorder did not meet the new 

criteria for the Early-Onset Seizure Variant Rett syndrome, mainly due to the absence 

of regression in over two-thirds. Several of the specific supportive criteria, such as 

diminished response to pain, a spinal curvature and intense eye pointing, were also 

infrequently reported. Some of these supportive characteristics appear age-dependent 

and were observed more commonly in those aged over five years. Longitudinal 

monitoring of these features would contribute to a better understanding of the 

evolution of this disorder.  

 

Considering only the females with the CDKL5 disorder, the differences in comparison 

to Rett syndrome persisted. Early development was more severely impaired in those 

with the CDKL5 disorder, with approximately half learning to sit and 10% learning to 

walk in comparison to approximately 80% learning to sit and just under half learning to 

walk in a recent study of 293 females with Rett syndrome.49 Those with the CDKL5 

disorder were less likely to use words whereas use of some words was acquired by 

nearly 90% of females with Rett syndrome before regression.49 Females with the 

CDKL5 disorder were also less likely to develop hand stereotypies, breathing 

disturbances, gastrointestinal problems and a spinal curvature, but were much more 
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likely to develop seizures and have sleep disturbances. These findings again suggest 

that the CDKL5 disorder is clinically separate to Rett syndrome, indicating the need to 

develop independent clinical criteria for the identification of the CDKL5 disorder. 

 

The two largest studies conducted to date (n=9 and n=20) found that the classical 

period of regression was rarely present in females with the CDKL5 disorder and that 

autonomic, gastrointestinal, breathing and spinal problems were rare and lack of eye 

contact, hypotonia and epilepsy common.11,22 Our study also found that regression, 

autonomic disturbances, breathing disturbances and a spinal curvature occurred less 

frequently than in Rett syndrome, but that the prevalence increased with age. 

Gastrointestinal problems were quite common, although occurring less frequently 

than in females with Rett syndrome. In contrast to other CDKL5 studies1-38 we found 

that sleep problems were reported frequently.  Small case series may be less likely to 

accurately identify some of the patterns detectable by a larger study, which could 

account for this difference. Clearly large sample sizes, preferably population-based, are 

needed to provide accurate representation of the clinical features of such a rare 

condition. Our study is the first to have had the capacity to compare the characteristics 

of males and females with the CDKL5 disorder. Further investigation of the natural 

history is still required, and there are likely other features that have not been captured 

by existing studies. 

 

This study is the first international case collection investigating the clinical 

presentation of the CDKL5 disorder and includes more than four times the number of 

individuals than the largest previously reported case series. It is also the first to 

examine whether these individuals meet the criteria set forth for the Early-Onset 

Seizure Variant Rett syndrome. However, our study is not population-based, and we 

suggest the development of a population-based register of this disorder, as has 

occurred in Rett syndrome.50 Because we used the infrastructure of InterRett, our data 

collection tools were initially designed for Rett syndrome and therefore we may not 

have been able to capture the presence of features that are unique to the CDKL5 

disorder. Our study population was also weighted towards younger children, and some 

clinical features are likely to evolve with age. With regard to the identification of 

“dysmorphic” features, our study was limited by the lack of a photographic control 
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group, the variable quality of images used, and the subjective nature of the 

assessments (although the latter has been a traditional approach to dysmorphology). 

Acknowledging these limitations, and that the features noted were variable, we felt 

the combined gestalt in a child with early onset encephalopathy, without major 

malformations, could suggest a CDKL5 mutation as a likely underlying aetiology.  

 

Many of the early-onset encephalopathies have overlapping phenotypes, including 

severe developmental compromise with or without prior regression, early-onset 

seizures, abnormal movements (stereotypies or dyskinesia’s) and respiratory 

irregularities. Some are distinctive either by dysmorphism (PHS), or typical 

neurodevelopmental profile (classical Rett syndrome). Others may be less easily 

recognised, which is why classifications evolve using terms like “Rett variant” or “PHS-

like”. While use of such terms in some conditions (e.g. Noonan or Noonan-like) has 

been borne out by discovering mutations in genes in shared pathways, this type of 

classification should be approached with some caution. Although mutations in the 

CDKL5 gene have been found in association with a clinical picture similar to Rett 

syndrome in some instances, the majority of cases are different. It may be more 

accurate and beneficial for families and clinicians if the CDKL5 disorder is considered 

independent of Rett syndrome, rather than another variant. Therefore we suggest that 

when describing the clinical picture of females and males with the CDKL5 disorder, 

researchers should not only concentrate on features which should be present in Rett 

syndrome, but rather the features which are present in the CDKL5 disorder. Only then 

will it be possible to develop accurate clinical diagnostic and management guidelines. 
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Forward to Chapter Three 

The outcome of our preliminary study (chapter two) on the phenotype of individuals 

with a CDKL5 mutation collected through InterRett, demonstrated clinical differences 

between females with Rett syndrome and females with a CDKL5 mutation. These 

findings informed the development of a new international database to collect 

information on individuals with the CDKL5 disorder. This thesis has shown, in chapter 

two, that females with the CDKL5 disorder were different to those with Rett syndrome. 

There was still however very little known about the overall natural history as the 

literature was mainly based on case studies or small case series. Therefore, one of the 

main aims of this thesis was to develop the necessary data collection tools and 

infrastructure to collect information from caregivers of a child with the CDKL5 

disorder. The following chapter outlines the processes undertaken in developing the 

International CDKL5 Disorder Database. This was completed entirley by the candidate 

with the advice and support of her supervisors and the guidance of Dr Anderson 

(database expert). Approval for this study and chapters 4 to 6 was provided by the 

University of Western Australia Human Research Ethics Committee, Perth, Western 

Australia, Australia (RA/4/1/5024). 
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Chapter Three: The development of the International CDKL5 

Disorder Database 

 

Over the past decade the importance of rare diseases and the impact that they have 

on those with the rare disease, their families, carers and society has been recognised. 

In 2002 the USA passed the Rare Disease Act,1 whilst in France the French National 

Plan for Rare Disease was launched in 2005.2 EUROPLAN is an EU wide plan developed 

in 2008 with the aim of developing recommendations on how to define a strategic plan 

for rare diseases in Europe.3 Currently in Australia we have no national plan. However 

in April 2011, a symposium on rare disease was held in Perth WA,4 for the purpose of 

developing such a plan and in September 2013 the Western Australia Government 

released a Scoping paper on the need for a National Rare Diseases Plan for Australia.5 

A common element of all these plans is the importance and need for large national and 

international registries.6 
 

The number of global disease registers and networks is slowly increasing, especially for 

conditions considered rare. In 2010 the Office of Rare Disease Research (ORDR) in the 

USA published the result of a workshop “Advancing Rare Disease Research: The 

Intersection of Patient Registries, Biospecimen Repositories, and Clinical Data" and 

launched the idea of a global rare disease registry (GRDR) that would capture over 

7000 rare diseases.7 In Europe the European Platform for Rare Disease Registries 

(EPIRARE) project was launched in 2011 with a similar aim to standardize the collection 

of information on rare disease in Europe.8 The ORDR has also developed common data 

elements to provide guidance for standardization of data collection across rare 

diseases. Other examples of rare disease registries include the TREAT-NMD 

neuromuscular network.9 These registers/networks require collaboration 

internationally between researchers, clinicians and families. The majority collect 

simple demographic and clinical information which can be used for recruitment into 

clinical trials or other studies.  

 

Our study group developed the Australian Rett syndrome Database (AussieRett) in 

1993 which is the only Rett syndrome database of its kind, collecting information from 
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families and clinicians at a population-based level and longitudinally.10 Another 

database developed by our group is InterRett, which collects information from 

clinicians and families internationally. It was developed in 2003 and ascertains cases 

with Rett syndrome through parent support groups, the listserv Rettnet and also 

through submission of de-identified data from clinicians outside Australia.11-14 The 

clinical questionnaire employed in InterRett was developed in conjunction with an 

international panel of experts and has been made available for completion online and 

also in a paper based format. Since its development in 2003 InterRett has ascertained 

over 2000 Rett syndrome cases allowing meaningful research to be undertaken. 

 

Since 2010 there have been seven articles published using data collected through 

InterRett.15-23 Other databases on Rett syndrome exist including the natural history 

study in the USA and the European Rett syndrome Network (EuroRett).24,25 In 2007 

InterRett began collecting information on individuals with the CDKL5 disorder as it was 

then considered a variant of Rett syndrome. To gain a deeper understanding of the 

natural history and clinical presentation of the CDKL5 disorder a large sample size data 

collection is required. Therefore it was a primary aim of this thesis to develop the 

infrastructure and data collection tools needed to develop an international database. 

This process was to be undertaken in collaboration with the International Foundation 

for CDKL5 Research (IFCR) and with a Consumer Reference Group (CRG). 

 

3.1. Data collection tools: Initial family questionnaire 

Following the models of AussieRett and InterRett it was believed that for the CDKL5 

disorder a family questionnaire needed to be developed that would collect both 

retrospective as well as prospective information on the individual. It was important 

that this initial family questionnaire be as comprehensive as possible to ensure that 

the clinical phenotype data was captured.  

 

3.1.1. Identifying key areas for data collection through a preliminary data 

analysis and literature review 

Using the data collected through InterRett (2007-2012) and the findings presented in 

chapter two, key areas that required more detailed data collection were identified. A 
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review of the current literature (chapter one) on the CDKL5 disorder was also used to 

identify areas which were not explored in the InterRett questionnaire as it was 

specifically designed for Rett syndrome. It was also important to further investigate 

comorbidities (e.g. scoliosis) not previously shown to be prevalent in the CDKL5 

disorder but known to occur in similarly presenting conditions associated with severe 

disability such as Rett syndrome.26 Regression had been thought to be uncommon in 

the CDKL5 disorder but it was known that some children do regress. Therefore it was 

of interest to determine whether this was a typical “Rett syndrome” regression or 

whether it occurred under different circumstances in the CDKL5 disorder.  

 

The key areas identified were: early development and attainment of developmental 

milestones; epilepsy (onset type and frequency of seizures, current type and frequency 

of seizures and details on seizure free periods and treatment methods) regression 

(areas of lost skills and relationships to seizures); current functional abilities (detailed 

measure of current gross motor abilities, communication, hand function and feeding); 

sleep disturbances; gastrointestinal issues; muscle tone; bruxism; hand stereotypies; 

behavioural issues; spinal curvature; eye contact and problems with vision such as CVI;  

breathing problems, autonomic problems and more detailed information on therapies. 

 

3.1.2. Formation of a CRG 

Consumer and community participation at all stages of the research is essential27-30 

and has become an important element of the majority of research funding bodies 

including the National Health and Medical Research Council in Australia, the National 

Institute of Health in the USA and National Health Services in the UK. Consumer 

participation allows for better research to be undertaken as it allows combined 

knowledge of health professionals, researchers and consumers and in turn improves 

dissemination of findings.31 To define the natural history and clinical phenotype of the 

CDKL5 disorder it was essential to collect comprehensive information. Therefore it was 

vital that a CRG be developed that could provide insightful information into the 

everyday life of someone with the CDKL5 disorder. This would also ensure that 

information was collected that reflected both clinical and family needs.  
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In consultation with the IFCR a plan was developed to recruit 12 to 18 members to the 

CRG with the following country distribution: six parents from the USA, two from the 

UK, two from Australia and the remainder from other European countries. Known 

contacts were suggested based on previous involvement with the researchers and 

those whom we knew had a good understanding of English. Families located in the 

USA were approached by the IFCR whilst I contacted other families who had been 

previously involved through InterRett. Family members were invited to join the CRG 

through a telephone call, where more information on the study was provided, the 

purpose of the CRG outlined and the requirements of the CRG members explained. If 

the approached family member was interested and agreed to be a part of the CRG 

they were sent a formal email welcoming them to the group and giving a more 

detailed summary of what is involved (Appendix D).   

 

Fifteen mothers (including the family representative from the IFCR) agreed to be part 

of the CRG. Those participating were resident in the US (n=5), the UK (n=4), Australia 

(n=3), Ireland (n=1), the Netherlands (n=1) and Canada (n=1).  However the Canadian 

decided to withdraw from the CRG following the initial teleconference. 

 

3.1.3. CRG involvement in initial family questionnaire development 

In December 2011 a teleconference was held with CRG members and the following 

areas were examined: key research areas; format of questionnaire including whether it 

should be online or paper based; the questionnaire length, (especially how long is too 

long?), and the frequency and need of follow-up questionnaires. The CRG identified 

the following areas as being of key interest for further research and understanding 

(table 9).  

 

When CRG members were asked about the format and length of the questionnaire 

they indicated that it would be best to have both paper and online copies available for 

completion. It was felt that if the questionnaire was going to be very long it would be 

best to set it up so that the information could be saved and families can then go back 

and finish if they don’t have the time to do all of it at once. CRG members felt that it 

was important that the questionnaire was as comprehensive as possible from the 
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beginning, and therefore could not be too short.  Although it would be long, it would 

be planned to be succinct and capture data that were not redundant. 

 

After the teleconference the CRG members were provided with a copy of the 2011 

AussieRett follow-up questionnaire (Appendix E) to review and provide feedback on 

the types of questions, length and areas covered32. The areas that were identified by 

the CRG members during the teleconference and from the revision of the AussieRett 

questionnaire as being of importance were incorporated into a draft questionnaire and 

sent to CRG members for feedback. 

 

Table 9. Areas of importance identified by the CRG members during the initial 

database teleconference 

Key area  Specific area focus Quotes 

Epilepsy Seizure types ‘This is very critical as a 

majority of our children have 

seizures. Any information we 

could gather regarding kinds 

of seizures, the types of 

triggers of the seizures, the 

frequency, duration, response 

to medication, response to 

diet changes, environmental 

factors……. ‘ 

 

Triggers 

Frequency and duration 

Response to medication and 

diet changes 

Environmental factors 

Honeymoon period (seizure 

free period) 

When seizures don’t happen 

(example when child is 

unwell) 

Therapies Type of therapies used ‘We know what our own kids 

respond to but we don’t know 

if that’s the right thing or if it’s 

the same for others. It would 

be good to collect this sort of 

information so that we can 

make strong 

recommendations whether 

something works or not.’ 

Outcomes of therapies 

Sleep disturbances  ‘Changes with age’ 
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Feeding/eating difficulties N/A N/A 

Gastrointestinal problems Raised as a big concern for 

boys, specifically  severe 

GERD 

N/A 

Cardiac problems  ‘My daughter has ASD and an 

abnormal T-wave when active 

and persistent tachycardia’ 

 

‘Is fast heart rate autonomic 

dysfunction or cardiac 

problem’ 

Scoliosis and Kyphosis Surgery outcomes ‘Interested in the value of 

surgery in reducing impact on 

lung function and other issues’ 

Respiratory problems Aetiology ‘Do the kids who have severe 

respiratory issues like 

pneumonia also have severe 

GERD and are they aspirating 

constantly or is it something 

intrinsic to the lungs.’ 

 

‘These questions would 

answer whether we need to 

treat GERD aggressively or 

look early on when the kids 

gets diagnosed for aspiration’ 

 

‘Some medications can cause 

congestion and more 

secretions and increase the 

chance of pneumonia.’ 

Treatment protocols 

Influence of medication on 

respiratory problems 

Bone development Osteoporosis and fractures ‘why some children do and 

some children don’t get these 

problems, and whether there’s 

a reason, maybe its diet, 

Factors associated with risk 

and protection 
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maybe weight bearing, more 

mobile.’ 

Sensory processing Sensitivity ‘My son finds it very hard to 

get used to things, he uses a 

compression vest, he has a big 

sensory block, he has never 

liked baths and is very 

sensitive to temperature 

changes so we need to control 

the room temperature to 

control his temperature.’ 

 

‘Whether she is over 

stimulated or under 

stimulated it’s quite hard to 

tell, it’s definitely a problem as 

it gets in the way of her 

learning and many aspects of 

her life. On a day to day basis 

we deal with it a lot.’ 

Over/under stimulation 

Visual problems What are the problems ‘it is important to find out 

what our children are actually 

capable of, who has had ERGs, 

what the analysis is like from 

child to child and what the 

capabilities are and what the 

spectrum is.‘ 

 

‘May relate to seizure activity 

at the time, my daughter who 

has never had a seizure also 

has no vision issues, whilst her 

two siblings who have both 

had seizures have both had 

vision problem. ‘ 

Association with seizures 

Treatment 
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Behavioural problems Laughing spells ‘children will laugh for no 

reason and sometimes they 

will scream for no apparent 

reason.’ 

 

 ‘for some screaming is a sign 

of pain, such as a stomach 

pain.’ 

 

‘this has changed as they have 

become older with crying and 

screaming being more 

purposeful as they are older 

than when they were young.’ 

 

‘inability to express 

themselves ‘ 

Crying spells 

Screaming spells 

Relationship with age 

Relationship with seizures 

Puberty  Relationship with seizures N/A 

 

 

3.1.4. Finalizing the draft questionnaire and Identify existing measures or 

questionnaires for inclusion 

Feedback received from the CRG by email and at the teleconference was collated with 

previous findings from the preliminary study (chapter 2) and literature (chapter 1) to 

decide upon the content for the following sections of the questionnaire. The 

questionnaire was divided into two parts: part one included sections about their child 

(pregnancy and period surrounding the birth of their child; Diagnosis; Early 

development; Regression; Current function; Epilepsy; Sleep; Sensitivity to the 

environment, behaviour and mood; Hand stereotypies; Gastrointestinal health; Spine, 

bone and muscle health; Other medical conditions (including cardiac issues, respiratory 

issues, pain sensitivity and other autonomic dysfunction problems); Hospital 

admissions; Medications; Puberty; Current measurements of weight and height; 

Therapy and equipment; Day activities and school options; and Formal assistance and 
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insurance) whilst part two covered topics surrounding the family (Family structure and 

demographics; Family quality of life; and Self-assessment of personal health). A seizure 

diary was also included to capture seizure frequency over a four-week period. The 

literature was examined for existing validated measures and questionnaire which 

could be used to collect data. The existing AussieRett follow-up questionnaire 

(Appendix E) and InterRett questionnaire (Appendix F) were resources for the 

development of the CDKL5 questionnaire.  

 

3.1.4.1. Section 1: Pregnancy and period surrounding the birth of their child  

Many questions from the InterRett questionnaire were able to be incorporated into 

the pregnancy and birth section of the questionnaire. It was important to tailor the 

questionnaire to suit concerns identified in the literature during this period such 

limited eye contact, drowsiness, feeding problems. 33,34 More detailed questions were 

also included on previous pregnancies and abnormal foetal movements during 

pregnancy as this was an area of interest. 

 

3.1.4.2. Section 2: Diagnosis 

The CDKL5 disorder is still a relatively new condition and therefore it was of interest to 

capture information on the pathway undertaken to receive a diagnosis. This section 

included questions on the caregivers’ initial concerns, the investigations undertaken 

prior to receiving a diagnosis and also questions on the types of differential diagnoses 

received prior to receiving a CDKL5 diagnosis.  

 

3.1.4.3. Section 3: Developmental milestones 

Questions were included regarding the attainment of major gross motor, fine motor 

and communication and social/emotional milestones.35,36 Research by the World 

Health Organization has shown that there is consistency across countries in the age of 

learning to sit, stand and walk and therefore these were the most important 

milestones to include.37 Questions about age of acquisition for babble, single words, 

phrases and both raking and pincer grasp were also included. From feedback received 

by CRG members with older children we knew that for caregivers of older children and 

adults these questions would be more difficult to answer and therefore made sure to 

include the two following statements “You may find that referring to your child’s baby 
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records helps you to recall this information.” and “If your child is older or there are 

questions which you cannot complete please feel free to leave them blank.” 

  

3.1.4.4. Section 4: Developmental regression 

A key feature of Rett syndrome is regression, which appears to occur less frequently in 

the CDKL5 disorder38 but on which more information is needed. Thus questions on 

regression of any skill, not just of hand function and communication as typically occur 

in Rett syndrome were included. To address whether this regression was similar to that 

which occurs in Rett syndrome or whether it might be related to seizure activity or 

medications more detailed information was sought from caregivers surrounding this 

regression period. 

 

3.1.4.5. Section 5: Current functional abilities 

This section included questions on gross motor, communication, hand grasping and 

feeding abilities. Functional abilities in the CDKL5 disorder appear to be severely 

impaired and therefore it was important to include a measure that was sensitive and 

that would allow the ability to measure change over time. The Chailey Levels of Ability 

scale39 was used to develop a parent report measure that would be able to detect 

small increments of gross motor abilities in the lying, sitting or standing positions. The 

scale was originally developed for health professionals to measure discrete changes in 

ability in children with cerebral palsy with low levels of physical function. It was 

designed as an observational measure that would allow a more naturalistic approach 

to assess the individual’s motor abilities. It was validated by determining the content 

and concurrent criterion validity and found to be an appropriate measure for low 

functioning individuals.39 For each individual skill there were various levels which could 

be achieved. We used these levels to develop a six point scale for each item that would 

be completed by the caregiver. For each scale the family or caregiver was asked to 

observe their child and indicate which of the six descriptions best represented their 

child the majority of the time.  

 

For more complex motor tasks the Rett syndrome Gross Motor Scale was used.40 This 

scale was developed as part of the coding protocol of the video evaluation tool for Rett 

syndrome41 and was based on the Gross Motor Function Measure42 and the WeeFIM43. 
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Preliminary data was used to determine inter-rater reliability which was found to be 

satisfactory.41 More recently principal components analysis of the 15 gross motor 

items used within the video protocol allowed the development of two distinctive 

subscales, the 10 item ‘general’ gross motor scale and the five item ‘complex’ gross 

motor scale. Concurrent validity was shown through comparison to total WeeFim 

scores. This measure was used to allow caregiver report of the level of assistance that 

their child needs to complete the 15 gross motor tasks and allow comparison to Rett 

syndrome. An additional walking item was also included in the scale to capture 

individuals who could walk 10 steps and also an additional question on how far the 

individual was able to walk.  

 

To capture current communication ability questions were based on the parent 

completed version of the ‘Communication Matrix’ by Rowland (2004).44,45 The 

communication matrix was originally developed in 1990 as an observational 

assessment tool for children with severe disabilities to be used by speech pathologists 

and educators and in 2004 a version was developed especially for parents. The 

communication matrix is designed to measure how the individual communicates 

across various scenarios using different modalities. The matrix focuses on two aspects 

of communication, why someone communicates (to refuse something, to obtain 

something, social interaction and to provide/seek information) and the behaviours 

that they use to communicate (six levels: pre intentional behaviours, intentional 

behaviour, unconventional pre-symbolic communication, conventional pre-symbolic 

communication, concrete symbols, abstract symbols and language). For each aspect of 

communication there are various options for each of the behavioural groupings. It was 

of interest to capture an overview of the communication methods used by those with 

the CDKL5 disorder and therefore two questions based on how the individuals refuse 

an object or activity and how they request an object or activity was developed. 

Communication behaviours were grouped as: body movements; vocalisations/sounds; 

facial expressions; gestures; symbols; and spoken language. Examples of each 

behaviour were listed underneath, including ‘does not use’ and other. Each grouping 

included elements from each of the relevant six levels of communication behaviours 

highlighted in the communication matrix. Additional questions on choice making, 

communication aids and sign language were also included.  
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Hand function was measured using 17 binary questions, modelled on the 10 item Hand 

Apraxia Scale,46 and used as part of the video evaluation tool and in the AussieRett 

follow-up questionnaires. Responses can then be coded using the Rett syndrome Hand 

Function Scale47 allowing comparison to Rett syndrome. Although the psychometric 

properties of this scale are yet to be determined, it appears to be an appropriate 

measure of grasping ability in individuals with severe intellectual disability. 

 

Finally, to capture the current feeding abilities of individuals, questions that have been 

used in the AussieRett follow-up questionnaires were included. These questions asked 

about the type of feeding (orally, gastrostomy etc.), if there are any problems with 

feeding and whether the caregiver feels that their child is eating/drinking adequate 

amounts. A new question on the level of assistance required during meal times was 

also developed and included. In this section a question from the AussieRett follow-up 

questionnaires regarding placement and reason for, a gastrostomy or jejunostomy was 

also included. 

 

3.1.4.6. Section 6: Epilepsy 

Epilepsy affects nearly all individuals with the CDKL5 disorder and is of greatest to 

concern to caregivers due to the difficulty in management and associated disease 

burden. Therefore it was important to capture the history of epilepsy from seizure 

onset to the current status of epilepsy. The literature was searched for existing 

questionnaires/measures used to collect parent-report data on epilepsy but no 

relevant literature was found. The information collected by the epilepsy network 

‘EpiNet’ was used as a guide for developing the following epilepsy questions.48 This 

section of the questionnaire was divided into four main sections. The first section 

focused on the history of seizures, including the age, type of seizure and frequency. 

The types of seizures were captured in two different questions. The first included 

descriptions of the clinical features of different types of seizures 49,50 and asked the 

caregiver to tick those experienced by their child. The other allowed the caregiver to 

provide information on the seizure types diagnosed. Specific questions related to the 

‘honeymoon period’ when seizures appear to cease for no apparent reason were also 

included. The second section related to current seizures and again included questions 

about the types of seizures, frequency and also whether they occurred more at 
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particular times or situations. The third section concerned investigations and included 

questions on EEG’s, CT Scans, MRI’s and PET/SPECT scans. The fourth section was 

about epilepsy treatment and included questions related to medication history (what 

medications were taken initially, for how long and the perceived benefits and side 

effects), current medications (duration and perceived benefits and side effects) 

ketogenic diet, VNS and surgical interventions. 

 

To further capture the burden of epilepsy and understand the variation within the 

CDKL5 disorder a seizure diary was included at the end of the questionnaire for 

caregivers to complete over a four week period. 

 

3.1.4.7. Section 7: Sleep 

With respect to sleep problems, it was important to be able to distinguish between 

whether the sleep problems were seizure related or independent of seizures. To do 

this a validated sleep measure that could be completed by the caregiver but would still 

help to identify the cause of the sleep disturbance was needed. After reviewing the 

literature the SDSC was selected.51 This scale contains 26 items rated on a four-point 

Likert scale (1: Never, 2: Occasionally, 3: Sometimes and 4: Often) depending on the 

frequency that the item occurred over the last six months (Appendix G). The 26 items 

can be grouped into six different sleep problem categories (principal components 

analysis). The original measure contained 45 items but after piloting and repeated 

measures analysis to test item reliability 18 items were dropped, resulting in a total of 

27 items. 51 After factor analysis an additional item was excluded resulting in the 26 

final items. The authors tested this measure on a control group of children with no 

known sleep disorders and a test sample comprising children previously diagnosed 

with a sleep problem.51 Test/rest reliability was undertaken by resampling the same 

questionnaire to 100 randomly chosen individuals from the control group.  51 The 

measure was found to have appropriate validity and reliability in discriminating 

between the control and test samples. 51 The only limitation of this measure, which 

was the same for all other sleep measures for children, was the lack of testing within a 

population with intellectual disability. Therefore it was necessary for this thesis, to 

amend some of the questions so that they were sensitive to parents of children who 

had a severe disability. Question one and two were removed from the main part of the 
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questionnaire and placed within the expanded demographics portion of the sleep 

section (time the child goes to sleep, how often they wake, time they wake in the 

morning, day time sleeping and sleep investigations). Items 8 (The child experiences 

vivid dream-like scenes while falling asleep), 21 (The child has nightmares which 

he/she doesn't remember the next day), 23 (The child awakes in the morning feeling 

tired) and 24 (The child feels unable to move when waking up in the morning) were 

also removed due to the nature of the question (i.e. cannot ask the child how they 

feel). Some additional questions needed changes to the structure of the question to 

make them a parental observation rather than one informed by the child’s report. We 

did not feel that these changes would alter the meaning of the question. Three items 

from the Rett syndrome behavioural questionnaire were included in this section as 

they were on sleep related issues.52 

 

3.1.4.8. Section 8: Sensitivity to the environment, behaviour and mood 

Problems relating to sensory processing and behaviour were highlighted as a key area 

by the CRG and also in the literature (chapter one). To develop a basic understanding 

of whether there were more sensory ‘seeking’ or ‘avoidance’ behaviours occurring in 

the CDKL5 disorder we included nine questions that would cover the majority of daily 

tasks such as grooming, watching TV, touch and cuddles etc.53 

 

To measure behavioural problems the Rett syndrome Behavioural Questionnaire was 

used as it would allow direct comparisons to Rett syndrome.52 The RSBQ was 

developed through an extensive literature review into the behaviours associated with 

Rett syndrome in the search to define a ‘behavioural phenotype’.54 It was then tested 

on females with Rett syndrome and females with severe intellectual disability (SID) to 

determine which of the items were more common in the Rett syndrome group 

compared to SID group and item-total correlations resulted in removal of five items to 

result in a total of 45 items.52 Principle components factor analysis was used to define 

eight domains of which 38 of the 45 items were included, seven items did not load 

onto a specific factor but were included in the overall score. Test/re-test reliability and 

internal consistency between the subgroups appeared adequate. The final RSBQ 

contains 45 items and caregivers indicate whether the item ‘does not describe’, ‘is 

sometimes true’ or ‘is often true’ for describing their child.52 Only the behavioural 
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aspects of the questionnaire were included as this was the main focus of this section 

and therefore the domains related to breathing (five questions) and walking/standing 

(two questions) were excluded. The domains related to night-time behaviours (three 

items) were included within the sleep section of this questionnaire. Finally four CDKL5 

disorder specific behaviour items that were discussed by the CRG members were 

included. These were: “Wandering eyes”, “Sideways glance”, “Crosses both legs while 

sitting or lying” and “Sits with one foot on opposite knee”. The CRG members also 

highlighted that many of their children do not cry, so it was important to further 

investigate this phenomenon. Five questions were included regarding crying and the 

same five questions but tailored towards laughing was also included. Bruxism was a 

feature often described in the literature so comprehensive questions to collect 

information on when teeth grinding happens and whether it was related to any events 

or circumstances were included. 

 

3.1.4.9. Section 9: Hand stereotypies 

Repetitive hand movements or stereotypies are a key feature of Rett syndrome and 

from the literature appear to be common in the CDKL5 disorder. Therefore it was 

important to capture whether this was a shared feature or whether hand stereotypies 

in the CDKL5 disorder differ to those with occur in Rett syndrome. From the 

preliminary study (chapter two) and through analysis of the literature (chapter one) 

ten different hand stereotypies were identified in the CDKL5 disorder. Questions were 

included asking caregivers to tick which of the ten stereotypies occurred in their child 

at onset (an option for other was also included) and which of the ten were currently 

occurring in their child. Questions were also included on the age of onset, whether 

events/circumstances increased their frequency, the current frequency and whether 

anything was able to stop the stereotypies. 

 

3.1.4.10. Section 10: Gastrointestinal health 

Although different comorbidities were mentioned infrequently in the literature 

(chapter one), our preliminary study (chapter two) showed that some comorbidities 

were common in the CDKL5 disorder and it was clear from the CRG members that 

comorbidities were of great concern to families. These included gastrointestinal 

problems such as reflux, which in the literature appeared to be rare. Therefore an 
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entire section of the questionnaire was focused on developing our understanding of GI 

problems in the CDKL5 disorder. These questions were modelled on those that were 

included in the AussieRett follow-up questionnaire (Appendix E), but some 

modifications were made to ensure a more comprehensive answer.  

 

3.1.4.11. Section 11: Spine, bone and muscle health 

Spine, bone and muscle health were also areas infrequently described in the literature 

but of concern to the CRG members. Therefore an entire section was focused on these 

issues to further our understanding. Questions related to if and when scoliosis and/or 

kyphosis were diagnosed, the treatments received and whether there were surgical 

interventions were included. Questions from the AussieData follow-questionnaire 

(Appendix E) on fractures and bone health were also included. 

 

3.1.4.12. Section 12: Other medical conditions 

There were also other medical conditions raised as a concern by the CRG members and 

also noted in some individuals in the literature (chapter 1). These included cardiac 

problems, respiratory problems such as aspiration and pneumonia and vision problems 

(especially cortical vision impairment). Because of the limited understanding of the 

CDKL5 disorder questions regarding problems found in Rett syndrome such as cold 

hands or feet, temperature regulation, hyperventilation and apnoea and pain 

sensitivity, some of which were found to ‘‘likely’ occur in the CDKL5 disorder in our 

preliminary study (chapter 2) were included. The burden that medical problems play in 

the CDKL5 disorder would be investigated by including a table where the caregiver 

completing the questionnaire could indicate on a three point scale (0: never a 

problem, 1: sometimes a problem and 2: constantly a problem) how much of a 

problem particular medical concerns were during various age groups. These particular 

medical conditions were based on those included in the AussieRett follow-up 

questionnaire (Appendix E). 

 

3.1.4.13. Section 13 and 14: Hospital admissions and Medications 

To build on this understanding of burden of disease a section was included on 

hospitalizations where the caregiver could provide information on when their child had 

been hospitalized, for how long and for what reason. A section was also included to 
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allow caregiver to provide more detailed information on their child’s current 

medication usage (different to those taken for epilepsy). 

 

3.1.4.14. Section 15: Puberty 

The onset of puberty was a concern of all parents on the CRG. These concerns related 

to timing, management but also increased seizure severity. There have been a few girls 

with the CDKL5 disorder in the literature (chapter 1) described as having precocious 

puberty and hormonal changes are related to increased seizure severity.55 Therefore a 

section allowing the caregiver to indicate the current Tanner stage for their child  

(using pictures) and also questions directly related to menarche and 

treatments/management strategies was included. These questions were modelled on 

those included in the AussieRett follow-up questionnaires (Appendix E) and amended 

to include males. 

 

3.1.4.15. Section 16: Current measurements of weight and height 

Growth is a poorly understood area in the CDKL5 disorder and an important area to 

compare with Rett syndrome.56,57 Questions were included to collect information on 

the individuals current head circumference, weight and height measurement and 

previous measurements of height, weight and head circumference. 

 

3.1.4.16. Section 17: Therapies and equipment 

The CRG had raised the importance of understanding the variation in therapies 

received by children with the CDKL5 disorder, what age they started and whether 

caregivers felt that their child was showing improvement. Therefore a further section 

focusing on the therapies and equipment used in the CDKL5 disorder was included. 

This section comprised three parts: formal therapy, informal therapy and equipment. 

For the first part questions were asked about the formal therapies (provided by a 

professional) used in the last year in order to have current information on therapies. 

Questions were also included on early interventions prior to five years of age. The 

second part contained questions on informal therapies (therapies not provided by a 

professional) which would capture the caregiver and their families involvement in their 

child’s current practice of developmental skills.  The last section contained questions 
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on the use of specialized equipment and was modelled on the AussieRett follow-up 

questionnaire.  

 

3.1.4.17. Section 18: Day activities and school options 

An important component of child development is interaction with other children and 

therefore a section on day activities and schooling was included. This section was 

modelled on the AussieRett follow-up questionnaire and allowed caregivers to fill in 

information about their child’s current school or day activities based on their current 

age. A few additional questions were including regarding the caregivers’ satisfaction 

that their child’s needs were being met and also regarding future plans for each age 

group.  

 

3.1.4.18. Section 19: Formal assistance and insurance 

The last section in the first part of the questionnaire focused on formal assistance and 

insurance. Because this is an international database it is important to understand the 

various types of support provided to caregivers of a child with a severe disability and 

epilepsy. These supports can be through respite, either formal or informal or through 

financial assistance. Therefore questions based on the AussieRett follow-up 

questionnaire on whether formal and/or informal respite has been sought and/or 

received were included. Additional questions on the types of financial assistance and 

whether caregivers have had any problems covering the cost of medical expenses were 

also included and were specifically designed for this questionnaire. 

 

3.1.4.19. Part two, Section 1-3: Family structure and demographics, Family quality of 

life and maternal health 

The second part of the questionnaire focused on family demographics and maternal 

health and family wellbeing. Questions were included on family history of epilepsy, 

disability and also additional siblings. It was important to understand the impact of 

socioeconomic factors and therefore questions on parental education and occupation 

were included. The last two sections of the second part were modelled from the 

AussieRett follow-up questionnaire to allow comparison across disorders. These 

sections were focused on measuring family quality of life and maternal health and 

wellbeing. Questions on these areas were included as having a child with a disability 

has a significant impact on family quality of life and maternal health and wellbeing.6 



Chapter Three  International CDKL5 Disorder Database 

80 | P a g e  

 

Therefore to measure quality of life the Beach Centre Family Quality of Life Scale which 

was also included in the AussieRett follow-up questionnaires was used. It contains 25 

items that are scored on a 5 item Likert scale (Very dissatisfied, Dissatisfied, Neither 

satisfied nor dissatisfied, satisfied and very satisfied)58 and was designed to capture 

family quality of life in those with a child with a disability and shown to have good 

psychometric properties (has significant convergent validity and test-retest reliability).  

 

Maternal health and wellbeing was measured in the AussieRett follow-up 

questionnaire using the 12 item Short-Form Health Survey (SF-12),59 which measure 

mental and physical wellbeing. The SF12 is a shorter version of the SF36 which is a 

generic measure that allows an estimate of disease burden across age groups and 

genders and has been used in various countries.  

 

3.1.5. Piloting the family questionnaire 

It was important to pilot the questionnaire to make sure that the questions were clear, 

that there were no components missing and included questions we were worded in a 

sensitive manner. To do this the questionnaire was divided into three sections and 

sent out at intervals to the CRG members (piloting started in April 2012). CRG 

members were also asked to complete four sections of the questionnaire. These 

included the sections on early development and also functional abilities; the sleep 

questionnaire and the section on therapies. To make it easier each CRG member was 

emailed the section to be piloted as a pdf or word document form which allowed them 

to enter their answers directly into the form. CRG members provided feedback on the 

other sections of the questionnaire via email and also through follow-up calls. The first 

section including the first pilot (early development and functional abilities questions) 

was sent to all 14 CRG members and was returned by eight. The second section was 

sent to nine of the CRG members and feedback was returned by six of the nine. The 

final section including the pilot for the sleep questionnaire was sent to all 14 CRG 

members and of these four CRG members provided feedback and completed the pilot. 

Through piloting the questionnaire, some important amendments were made to some 

of the questions which may not have initially been clear. The finalized draft 

questionnaire was presented at the first International CDKL5 symposium which was 
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held in New Orleans in June 2012. This provided the opportunity to obtain further 

feedback from members of the CRG in person and also from other caregivers of a child 

with the CDKL5 disorder and broader scientific community. The finalized questionnaire 

can be found in Appendix H. An Information sheet (Appendix I) and Consent form 

(Appendix J) was also developed. 

 

3.2. Online database design, data collection and recruitment 

The database infrastructure was modelled on the InterRett database which is currently 

hosted and run through our study group (figure 8). The database was developed using 

Komodo Edit 8.5.2 using a MySQL database and PHP programming language to 

interface between the online questionnaire and the database. The questionnaire was 

designed so that participants could enter their data and then save their data to return 

to finish later (figure 9). The database is hosted on a secure webserver located at the 

Telethon Kids Institute (formerly the Telethon Institute for Child Health Research). 

Data transfer is protected using a secure socket layer certificate.  Data are exported 

from the webserver into a Filemaker Pro database located on internal servers also 

located at the Telethon Kids Institute which are password protected. Data are cleaned 

within the Filemaker Pro database ready for analyses in relevant software and use 

within publications. 

  

To allow data entry to be protected and linked to an individual, usernames and 

passwords were generated. Usernames were consisted of CDKL5 followed by _ and 

then each participant had a different number. Corresponding passwords were 

developed using a freely available password generator. These passwords were then 

encrypted using salt technology. The encrypted password was stored in the MySQL 

database and matched to the corresponding non encrypted password. This allowed 

participants to login using the original password on the main login page (figure 10). 
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Figure 8. Flow diagram of the processes involved in entering data into the 

International CDKL5 Disorder Database.  

The red circle shows the Telethon Kids Institute webserver and the blue the Telethon 

Kids Institute internal server. 

 

Figure 9. Overview page of the International CDKL5 Disorder Database showing 

sections that need to be completed and those that have been started but need to be 

reviewed and submitted. 
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Figure 10. The International CDKL5 Disorder Database login page. 

 

 

 

 

 

 

 

 

 

 

 

 

To begin collecting data a registration page was developed which allowed interested 

participants to submit their details (name, child’s name, birth date, contact details and 

genetics) (figure 11). The link to the registration page was from IFCR page 

(http://cdkl5.com/Research/Database.aspx) (figure 12) and also in emails which they 

sent to their members. This information was stored in the MySQL database which we 

could access and download into the Filemaker Pro database that would contain only 

the identifiable information of the participants. Upon receiving a new registration an 

email was sent to the participant with their username and login which would allow 

them to login to the database and begin entering data (Appendix K). Each individual 

received an introductory telephone call to explain the study and answer any questions 

followed by a reminder call at approximate 4 week intervals (if they had not been 

actively completing the questionnaire). Participants who had been involved in the 

initial InterRett study were also contacted via email and phone and invited to 

participate in the new study. If they agreed to participate their details were transferred 

from the InterRett database to the CDKL5 database and a new username and password 

generated and provided. 
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Figure 11. Registration page for the International CDKL5 Disorder Database. 

 

 

Figure 12. Information page located on the International Foundation for CDKL5 

Research website. 
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3.4. Questionnaire translations 

This database was designed to be an international database that would collect 

information from families from across the world. In the first instance the 

questionnaire, information sheet, consent from and website texts were translated into 

French. The questionnaire was translated and then checked by a native speaking 

clinician. The questionnaire was then formatted and made available as a pdf and the 

process undergone for developing the infrastructure of the database was repeated. 

For future use, processes of translating the questionnaire into German and Spanish 

have been initiated. 
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Forward to Chapter Four

One of the main clinical features identified in the previous chapters (two and three), 

and mentioned throughout the literature, was the presence of severe global 

developmental delay in individuals with the CDKL5 disorder. Caregivers of a child with 

the CDKL5 disorder are interested to know whether or not their child might attain 

developmental milestones. Therefore it was one of the aims of this thesis to 

investigate timing of the attainment of developmental milestones in the CDKL5 

disorder to provide better clinical advice to caregivers and their clinicians. 

 

The following chapter has been published in the Journal of Neurodevelopmental 

Disorders. Fehr S, Leonard H, Ho G et al: There is variability in the attainment of 

developmental milestones in the CDKL5 disorder. Journal of neurodevelopmental 

disorders 2015; 7: 2. 
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Chapter Four: There is variability in the attainment of 
developmental milestones in the CDKL5 disorder 

 

4.1. Abstract 

Individuals with the CDKL5 disorder have been described in as having severely 

impaired development. A few individuals have been reported having attained more 

milestones, including walking and running. Our aim was to investigate variation in 

attainment of developmental milestones and associations with underlying genotype. 

Data was sourced from the International CDKL5 Disorder Database and individuals 

were included if they had a pathogenic or probably pathogenic CDKL5 mutation and 

information on early development. Kaplan-Meier time-to-event analyses investigated 

the occurrence of developmental milestones. Mutations were grouped by their 

structural/functional consequence and Cox regression was used to investigate the 

relationship between genotype and milestone attainment. The study included 110 

females and 18 males. By five years of age only 75% of the females had attained 

independent sitting and 25% independent walking whilst a quarter of the males could 

sit independently by one year three months. Only one boy could walk independently. 

No clear relationship between mutation group and milestone attainment was present, 

although females with a late truncating mutation attained the most milestones. 

Attainment of developmental milestones is severely impaired in the CDKL5 disorder, 

with the majority who did attain skills attaining them at a late age. It appears as 

though males are more severely impaired than the females. Larger studies are needed 

to further investigate the role of genotype on clinical variability. 
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4.2. Introduction 

The majority of research on individuals with mutations in CDKL5 gene has been limited 

to case studies and small case series (n=20).1-3 These studies have predominantly 

focused on individuals with the early-onset seizure variant of Rett syndrome. However, 

using information collected through InterRett4 we found that only a small proportion 

of individuals with a CDKL5 mutation met the clinical criteria for the early-onset seizure 

variant of Rett syndrome, which specifically requires a period of developmental 

regression.5 We therefore suggested that the term ‘CDKL5 disorder’ was a more 

appropriate terminology for individuals with a mutation in the CDKL5 gene.  

 

The literature suggests that individuals with the CDKL5 disorder rarely experience 

normal development and that the majority have refractory epilepsy with onset within 

the first few months of life and severe global developmental delay.6-8 There has 

however been a small proportion reported with the ability to walk and even to run,9-12 

suggesting that the clinical severity may be more variable than originally thought. 

Variability in clinical presentation is also seen in Rett syndrome, which is mostly 

associated with mutations in the MECP2.5 This clinical variability has resulted in 

‘variant’ types being described and studies focusing on investigating the relationship 

between clinical presentation and specific mutations.13-15 For caregivers and clinicians 

it is important that variability in the CDKL5 disorder be further examined so that 

appropriate prognostic information can be provided. Further investigation is needed to 

develop a better clinical overview of the development and attainment of milestones in 

this disorder. Our aim was to describe the attainment of gross motor, hand function, 

communication and other developmental milestones in individuals with the CDKL5 

disorder. We also investigated the relationship between the timing of these events and 

genotype. 

 

4.3. Materials and Methods 

Information on individuals with the CDKL5 disorder was obtained from the newly 

developed International CDKL5 Disorder Database, which was established in 

September 2012. Data is collected from caregivers in the form of online or paper based 

questionnaires. Caregivers were asked to refer to their child’s infant health record, 
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diaries or available medical records when completing the questionnaire. Cases were 

included in this study if the individuals CDKL5 mutation was considered to be 

pathogenic or probably pathogenic and the caregiver had completed the questionnaire 

section on early development. Due to the heterogeneity of mutations within our 

sample each individual’s mutation was grouped according to its predicted 

structural/functional consequence.16 These groups were a). mutations causing no 

functional protein which included mutations resulting in a loss of the functional 

components in the catalytic domain (portion of protein responsible for kinase activity) 

before aa172 and all full gene deletions b). missense/in-frame mutations within the 

catalytic domain which included any missense mutations within the proteins kinase 

active region or in-frame mutations (such as a deletion resulting in loss of some of the 

kinase region but subsequent protein is intact) c). truncating mutations located 

between aa172 and aa781 which includes any mutations resulting in a truncation such 

as nonsense or frameshift mutations resulting in maintaining kinase activity but loss of 

c-terminal region and d). truncating mutations occurring after aa781 and therefore 

maintaining kinase activity and majority of the c-terminal region (figure 13). These 

groupings were also used in chapters five and six.  

 

Figure 13. Schematic representation of the CDKL5 protein and our mutational 

grouping. 

The catalytic region is shown in light grey and the C-terminal region in white. Modified from “What We 

Know and Would Like to Know about CDKL5 and Its Involvement in Epileptic Encephalopathy”.17 
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To investigate early development, we included information on the age of attainment of 

the following major developmental milestones: sitting, standing and walking 

independently; raking grasp and pincer grip; and babble and use of single words. The 

timing of attainment of these milestones was investigated using Kaplan-Meier time-to-

event analysis. This allows an appropriate estimate of the proportion of individuals 

who will attain a skill by a particular age whilst taking into account those who are still 

yet to attain the skill. To investigate the relationship between mutation type and the 

attainment of these particular milestones, separate time-to-event analyses by 

mutation group were undertaken and the median age and proportion that attained 

each skill determined. Cox regression was used to investigate the relationship between 

each skill and mutation group. 

 

Information on the attainment of additional milestones, for which we did not collect 

an age of attainment, was also included. For these skills, individuals were grouped 

according to their current age at time questionnaire completion (younger than 1.5 

years, 1.5 to <7 years, 7 to <13 years, and 13 years and older) and we determined the 

proportion of each age group who had attained the milestone of interest. These age 

groups were chosen based on the expected developmental level of the children. All the 

milestones included in our study (excluding the use of phrases) would have been 

achieved by 1.5 years of age in a normally developing child. We therefore grouped 

those aged 1.5 years and younger as it was likely that these children were yet to attain 

many of these skills. This allowed us to account for young individuals who had not yet 

had the opportunity to attain these skills.  

 

4.4. Results 

As of May 2014 there were 127 individuals for whom information on early 

development had been provided. Of these 109 (86%) were female (median age 6.1 

years, range 3 months to 29 years) and 18 (14%) were male (median age 4.6 years, 

range 10 months to 22.7 years). The distribution of mutations within our sample is 

shown in Appendix C. 
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4.4.1. Time to event analysis of attainment of developmental milestones 

Information on the age of attaining independent sitting was available for all but four 

females, of whom 59 (56%) had attained independent sitting. The median age at 

attainment of independent sitting was three years (range six months to five years) with 

almost three quarters achieving unaided sitting by five years of age (figure 14).  

Independent standing was attained by 26% of females (n=27/105) and a quarter were 

able to stand independently by five years (range ten months to six years 11 months) 

(figure 15). Independent walking was attained by 22% of females (n=24/109) and time-

to-event analysis showed that a quarter had attain independent walking by four and a 

half years (range one year six months to six years five months) (figure 16). For the 18 

boys in our study, information on the age of attaining sitting was known for all but one, 

of whom six could sit independently with a quarter attaining independent sitting by 

one year three months (range eight months to three years) (figure 14). Two boys were 

able to stand independently by one year 10 months (figure 15), and one boy was able 

to walk independently at one year 11 months (figure 16).  

 

 

Figure 14. The proportion of females and males who attained independent sitting. 
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Figure 15. The proportion of females and males who attained independent standing. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 16. The proportion of females and males who attained independent walking. 

 

 

 

 

 

 

 

 

 

 

 

 

The age that a raking grasp was attained was known for 92 females of whom 45 (49%) 

had attained a raking grasp at a median age of five years (range five months to 12 

years (figure 17). A pincer grasp was attained by 13% of females (n=14/106) of whom 

ten percent had attained a pincer grip by three years (range one to 12 years) (figure 

18). For the males, information was available for all but one on the age of attaining a 
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raking grasp. Ten percent of the males attained a raking grasp by one year ten months 

(figure 17) and one male attained a pincer grasp at two years of age (figure 18).  

 

 

Figure 17. The proportion of females and males who attained a raking grasp.  

 

 

 

 

 

 

 

 

 

 

 

Figure 18. The proportion of females and males who attained a pincer grasp. 

 

 

Information on the age that babbling was attained was available for 97 females of 

whom 43 (44%) had attained babble. A quarter of whom achieved babble by one year 

of age (range three months to six years) and just under a half by six years (figure 19). 

Single words were attained by 16% (n=17/105) and ten percent would attained single 

words by one year six months and just under a quarter by seven years of age (range 
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nine months to seven years) (figure 20). Of the males in our study, information on age 

of attaining babble was available for all but three (n=15) of whom five attained the 

ability to babble. A quarter attained babble by seven months of age (range six months 

to one year eight months) (figure 19). There was one boy who spoke single words at 

three years of age (figure 20).  

 

Figure 19. The proportion of females and males who attained babble.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 20. The proportion of females and males who attained single words. 
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The proportion of females and males who attained other gross motor, fine motor and 

communication skills not included in the time-to-event analysis is shown in table 10.  

 

4.4.2. Relationship between genotype and attainment of developmental 

milestones for females 

A higher proportion of females with a truncating mutation after aa781 attained gross 

motor, hand function and communication milestones than the other groups (table 11). 

Although there was a visible difference between the groups shown in figure 21, there 

were no clear relationships, although females with a truncating mutation after aa 781 

were more likely to have attained independent sitting than the those with no 

functional protein (HR: 2.4, p-value 0.026, 95% CI 1.11-5.36). 
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Table 10. The proportion of individuals with the CDKL5 disorder by current age that attained various gross motor, communication/social and fine 

motor skills  

 Age at completion of questionnaire 

1.5 years and 

younger  

1.5 to 7 years  7 to 13 years  13 years and older  

Gross motor skills Females 

(n=11) 

Males  

(n=1) 

Females 

(n=50) 

Males 

(n=10) 

Females  

(n=32) 

Males 

(n=5) 

Females 

(n=16) 

Males  

(n=2) 

Roll front to back  4 (36) 1 (100) 46 (92) 5 (50) 27 (84) 2 (40) 14 (88) 1 (50) 

Roll back to front 5 (45) 1 (100) 47 (94) 5 (50) 26 (81) 2 (40) 14 (88) 1 (50) 

Sit independently 1 (9) 1 (100) 31 (62) 4 (40) 21 (66) 1 (20) 10 (63) 1 (50) 

Transition from siting to crawling position 1 (9) 1 (100) 23 (46) 3 (30) 16 (50) 0 (0) 5 (31) 1 (50) 

Crawl 1 (9) 0 (0) 12 (24) 2 (20) 10 (31) 0 (0) 4 (25) 1 (50) 

Stand with support 2 (18) 1 (100) 37 (74) 3 (30) 22 (69) 1 (20) 10 (63) 1 (50) 

Pull to stand 1 (9) 0 (0) 13 (26) 2 (20) 14 (44) 1 (20) 6 (38) 1 (50) 

Walk with support 1 (9) 0 (0) 24 (48) 1 (10) 16 (50) 1 (20) 8 (50) 1 (50) 

Social and communication skills         

Social Smile 8 (73) 1 (100) 38 (76) 7 (70) 18 (56) 1 (20) 9 (56) 0 (0)* 

Fix and follow 3 (30)* 1 (100) 39 (78) 4 (40) 23 (72) 1 (20) 10 (67)* 1 (100)* 
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Wave goodbye 0 (0.0) 0 (0) 11 (22) 1 (10) 4 (13) 0 (0) 1 (6) 0 (0) 

Respond to own name 4 (36) 1 (100) 33 (66) 3 (33)* 20 (63) 2 (40) 9 (56) 0 (0) 

Point to things that he/she wants 0 (0.0) 0 (0) 6 (12) 1 (10) 8 (26)* 0 (0) 2 (13) 0 (0) 

Respond to others emotions 4 (36) 1 (100) 23 (47)* 4 (40) 11 (34) 1 (20) 4 (25) 1 (50) 

Respond to 'no' 2 (18) 0 (0) 16 (32) 2 (25)* 13 (41) 0 (0) 4 (25) 0 (0) 

Phrases 0 (0.0) 0 (0) 3 (6) 0 (0) 3 (9) 0 (0) 1 (6) 0 (0) 

Fine motor skills         

Transfer from hand to hand 3 (27) 1 (100) 25 (50) 2 (20) 18 (56) 0 (0) 8 (50) 0 (0) 

Play with blocks 0 (0) 0 (0) 8 (16) 1 (10) 8 (25) 0 (0) 2 (13) 0 (0) 

*the denominator in this group varies 
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Table 11. The relationship between genotype and developmental milestone acquisition in females. 

Milestone No functional protein Missense/in-frame mutation 

within catalytic domain 

Truncation after aa 272 and 

before  aa 781 

Truncation after aa 781 

Number 

(%) 

Median age skill 

attained (years) 

Number 

(%) 

Median age skill 

attained (years) 

Number 

(%) 

Median age skill 

attained (years) 

Number 

(%) 

Median age skill 

attained (years) 

Sitting 17/33 

(52) 

2 18/27 

(67) 

3 10/26 

(38) 

- 10/12  

(83) 

1.2 

Standing 6/32  

(19) 

- 5/28  

(18) 

- 8/28  

(29) 

- 5/10  

(50) 

5 

Walking 6/34  

(18) 

- 4/28  

(14) 

- 6/28  

(21) 

- 5/12  

(42) 

 

Babble 13/29 

(45) 

- 13/27 

(48) 

6 12/25 

(44) 

- 4/8  

(50) 

1 

Single words 4/32  

(13) 

- 3/28  

(11) 

- 6/28  

(21) 

- 3/10  

(30) 

 

Raking grasp 12/29 

(44) 

7 16/25 

(64) 

4 8/22  

(36) 

12 7/9  

(78) 

2 

Pincer grasp 3/32  

(9) 

- 2/28  

(7) 

- 2/28  

(7) 

- 4/10  

(40) 

- 

- : values blank as less than 50% attained the particular skill 
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Figure 21. The influence of mutation type on the proportion of females who attained developmental milestones by various ages. 

 

 

 

 

 

 

A: independent sitting,  

B: independent standing,  

C: independent walking,  

D: Babble,  

E: Single words,  

F: Raking grasp,  

G: Pincer Grip 
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4.5. Discussion 

The acquisition of developmental milestones was severely impaired in our sample of 

individuals with the CDKL5 disorder. This was especially true for males, with nearly half 

not achieving any of the major gross motor, communication or hand function 

milestones investigated. There was variability, with a few girls eventually attaining 

most if not all of the milestones we investigated. If milestones were attained they were 

significantly delayed. Despite small numbers, it appears as though mutation type may 

play some role in this variation, with girls with a truncating mutation after aa781 

attaining more milestones than those who had a mutation resulting in no functional 

CDKL5 protein.  

 

Our study has shown that there is variability in the attainment of developmental 

milestones within the CDKL5 disorder. The majority of females did achieve some 

milestones, most frequently involving gross motor skills. For most these milestones 

were attained at an older age than expected for the general population.18 Using time-

to-event analysis we found that ten percent of females would attain independent 

sitting by 10 months, by one year two months a quarter attained independent sitting 

and by five years nearly three quarters had attained independent sitting. In our entire 

female population only 22% attained independent walking compared to 31% of our 

seven to 13 year group. Time-to-event analysis indicated that 25% of our group 

attained this skill by four and a half years of age. This delay in attainment of milestones 

occurred across developmental areas, and may explain why other studies have found 

females with the CDKL5 disorder to attain less developmental milestones.3,7,19 In the 

study by Bahi-Buisson and colleagues, only 1/20 females was able to walk 

independently, a quarter had reported functional hand use and a quarter could use 

babble or single words.3 The increased number of participants in our study compared 

to the French study is one likely explanation for the differing results. However, age 

may also be a factor as the median age of the females in the French study (4.5 years) 

was two years less than in ours. We have shown that there is a delay in the age of 

acquiring these developmental milestones and therefore some of the girls in the 

French study may be yet to acquire these abilities. There also appears to be a ‘cohort’ 

effect in our data, with some of our older females (13 years and older) appearing to 
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have attained less developmental milestones than those in the younger age group 

(seven to 13 years). In the past children and adults with severe undiagnosed epilepsy 

disorders were targeted for screening for mutations in the CDKL5 gene. With advances 

in genetic technologies less severely affected children are being tested and identified, 

thus increasing the variability seen initially in children with the CDKL5 disorder. 

Regardless, it is important that this variability in functional ability be recognised both 

by clinicians and researchers. 

 

In our study, the males with the CDKL5 disorder had more impaired development than 

the females. Again there was variability, with some of the males having less impaired 

development. Half of the boys in our study had attained rolling, a quarter learned to sit 

independently by one year three months and a quarter used babble by seven months 

(earlier than the females in our group). There were four boys in our study who had 

attained more developmental milestones. The first was a ten month old who could sit 

independently, babble and transfer objects from hand to hand (c.400C>T, p.Arg134*). 

The second was a two and a half year old who could stand independently, transfer 

objects from hand to hand and babbled (c.351T>A, p.Tyr117*). The third was a three 

and a half year old who could sit independently, had limited hand use and could use 

single words (c.1612A>G, p.Thr538Ala). The fourth was a four and a half year old who 

had never had epilepsy, could walk independently (even run) and had a pincer grip, but 

had language impairment (babble only) (c.514G>A, p.Val172Ile). There have been few 

boys with the CDKL5 disorder described in the literature.7,9,20-28 A recent study by 

Mirzaa and colleagues reported eight males with the CDKL5 disorder whose ages 

ranged from two months to 14 years (median age 5 years).25 These boys were 

described as having profound developmental delay, with impaired or absent language 

and motor abilities. The authors concluded that boys with the CDKL5 disorder are 

severely affected and have minimal acquisition of developmental skills. In our study 

around half of the males also had minimal acquisitions of developmental skills, 

however the other half did attain some milestones. These findings show the variability 

in the acquisition of developmental milestones in males with the CDKL5 disorder. 

Although the males are generally more severe than females, more males achieved 

developmental milestones in our present study than previously reported. Our sample 

of boys was double that of the previously reported study, and so again increased 
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sample size may be a key factor in being able to demonstrate this variability.  Age 

could also be a factor, however the median ages of the boys in our and the US study25 

were similar (4.3 years and 5 years). It is likely that the previously described ‘cohort 

effect’ may also be impacting on the variability seen in our male sample. The majority 

of males in the literature were identified through screening groups of severely affected 

individuals for CDKL5 mutations. Advances in genetic technology for diagnostic 

purposes mean those children who would previously never have been identified, such 

as our young boy who could run and who had never been diagnosed with epilepsy, are 

being diagnosed. These findings suggest that a different spectrum of boys with the 

CDKL5 disorder, who until now have not been diagnosed, may exist. 

 

Our understanding of the functional role of CDKL5 is still limited, but CDKL5 has been 

shown to be involved in neuronal cell differentiation and proliferation, dendritic 

arborisation and dendritic spine morphology.29-31 It is likely that mutations affecting 

the function of CDKL5 are likely to impair neuronal development and subsequent 

attainment of developmental milestones. The occurrence of early refractory epilepsy 

in the CDKL5 disorder may also contribute to the altered neuronal function, with 

seizures shown to impact developmental programming.32 Whether the impairment 

seen in the CDKL5 disorder is a direct result of the occurrence of infantile seizures, 

resulting in an epileptic encephalopathy, or whether it is a consequence of the 

underlying gene mutation, is yet to be determined and further research in this area is 

needed.  

 

The relationship between genotype and phenotype in the CDKL5 disorder has only 

been specifically investigated in one other study.33 This study identified 12 patients 

(from a total of 26 with a mutation) who had one of eight recurrent mutations 

previously described in the literature. These 12 patients were pooled with an 

additional 14 individuals previously described in the literature. The authors found that 

those with the p.Ala40Val, which is a missense mutation within the ATP binding site of 

the kinase domain, had a milder phenotype (phenotype severity based on factors such 

as gross motor ability, hand function, stereotypies and seizure severity) than those 

with a missense mutation elsewhere in the kinase domain or a frameshift within the C-

terminal region. Due to the heterogeneity of mutations within the CDKL5 disorder we 
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chose not investigate specific mutations, rather, we pooled together different types 

that were predicted to have similar functional/structural consequences. This 

heterogeneity means that genotype/phenotype studies will be more difficult to 

conduct unless larger numbers of individuals are ascertained. We found no clear 

relationship between genotype and phenotype in our study, but there were a few 

differences between the groups. Females with a truncation between aa272 and aa781 

attained fewer developmental milestones, similar to that of those who lacked the 

entire CDKL5 gene. Earlier research suggested that loss of the C-terminal region can in 

fact act as a loss of function mutation due to loss of localisation ability and increased 

self-phosphorylation.16,34 One difference we found was that individuals with a 

truncating mutation after aa 781, such as the mutation c.2635_2636delCT, appeared 

to attain more milestones overall. This differs from the previous study, which found 

that girls with this mutation were more severely affected and unable to walk 33. No 

clear conclusion can be drawn on the role of genotype until even larger studies are 

undertaken and other previously identified factors (such as epilepsy) are considered, 

although it does appear as though genotype may have a part to play in the clinical 

variability in the CDKL5 disorder.  

 

Our study is the first major international data collection of individuals with the CDKL5 

disorder. This gives us the advantage of having the largest data collection on 

individuals with the CDKL5 disorder. Our data collection tools were also designed to 

capture clinical information specific to the CDKL5 disorder, not other disorders such as 

Rett syndrome. It is apparent that there is much variability within this disorder, and 

therefore larger numbers are still needed to provide a more comprehensive 

representation of the clinical presentation. Recall error, especially for caregivers with 

older children, is likely. We have limited this by asking caregivers to refer to their 

child’s medical records and diaries before completing the questionnaire. Because these 

children exhibit symptoms from an early age, developmental gains are most likely to 

be well recorded, as caregivers are paying special attention to their child’s 

development. We found that many parents knew whether their child attained a 

particular milestone, but the age that these skills were attained was not always known, 

which is demonstrated by the missing data in our study. Changes in diagnostic 

technology and increased awareness of the CDKL5 disorder mean that children are 
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being diagnosed younger, and a more variable spectrum is being identified. This results 

in the ‘cohort effect’ to which we have alluded, where the younger are less severe than 

previously diagnosed children. The identification of younger children means that this 

data collection will have the capacity to collect prospective data on developmental 

milestones. Finally our study will only reach caregivers of individuals who have access 

to the internet and therefore selection bias exists in that regard.  

 

Understanding the acquisition of gross motor milestones in the CDKL5 disorder is 

valuable information for caregivers, their therapists and clinicians, and shows that for 

most, skills are attained at a much later age. It would be of interest to further 

investigate the events surrounding the acquisition of these milestones, especially with 

regard to seizure control. For caregivers our data provide hope that their young child 

may still attain milestones at a later age than is usual for the general population. As the 

database grows, it will be important, to further examine the relationship between 

genotype and functional abilities. Individuals with the CDKL5 disorder have previously 

been described as having severely impaired development. Our findings show the 

variability within this disorder and suggest that there may be children with the CDKL5 

disorder who present differently to the clinical picture originally described. Although 

we found no clear relationship between genotype and phenotype, the differences 

between individuals suggest that with greater numbers such a relationship may be 

identified. Continued research into the natural history of the CDKL5 disorder is needed 

to further our understanding of the variability seen within this condition. 
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Forward to Chapter Five

Chapter three showed how the attainment of developmental milestones was impaired 

and the extent that development was delayed in the CDKL5 disorder. It was considered 

important to further investigate the current functional abilities of those within this 

study who were aged through childhood to adulthood. Current gross motor, fine 

motor and communication skills in females and males with the CDKL5 disorder were 

investigated, providing more detailed information for caregivers and clinicians 

regarding the variability in skills and the association that these skills had with age and 

genotype.  
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Chapter Five: Functional abilities in individuals with the CDKL5 

disorder 

 

5.1. Abstract 

Functional abilities in the CDKL5 disorder have been described as severely impaired, 

yet some individuals are able to run and use phrases for speech. Our study 

investigated gross motor, hand function and expressive communication abilities in 

individuals registered with the International CDKL5 Disorder Database. Relationships 

between functional abilities, age and genotype were analysed using ordinal logistic and 

logistic regression. Fishers Exact Test was used to examine the relationship between 

gross motor and hand function. A total of 108 females and 16 males were included. 

Over half of the females could sit on the floor and nearly a quarter could walk 10 steps. 

Fewer males could complete these tasks although one boy was able to sit, walk and 

run. Most females were able to pick up a large object whereas fewer males could grasp 

an object. Females mostly used gestures to communicate whilst males mostly used 

other forms of non-verbal communication. No female with strong gross motor abilities 

also had poor hand function (p<0.001). We also found that females with truncating 

mutations after aa781 had better gross motor and expressive communication abilities 

than those with no functional protein. Our study has highlighted the variability in 

functional abilities within the CDKL5 disorder. Although abilities were markedly 

impaired for the majority, some females and a few males had better functional 

abilities. This variability may be related to underlying gene mutations, with females 

with a late truncating mutation having better levels of ability than those with no 

functional protein. 
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5.2. Introduction 

Clinical features identified to date in the CDKL5 disorder1-3 include early-onset seizures 

(generally within the first three months of life), severe global developmental delay, 

abnormal muscle tone, hand stereotypies, gastrointestinal problems and bruxism.3 

Most studies on the CDKL5 disorder were limited to case studies or small case series 

and whilst functional abilities have mostly been described as severely impaired,3-7 

variability in the clinical features has also been reported. It appears that some 

individuals are less severely affected, in terms of motor abilities and are able to walk 

and even run.2,8-10 Expressive communication seems to be mostly limited to 

vocalisations and babble,11-15 although some girls are able to use phrases.9,16,17 Hand 

function has been less well documented but would appear to be absent or limited for 

most 11-15 

 

Despite this apparent variability in the functional abilities there have been no large 

studies investigating the spectrum. There is no information on the relationship 

between age and functional ability and limited understanding of the impacts of 

genotype. Better information on functional abilities provided for a large sample of 

individuals with the CDKL5 disorder would help to increase knowledge and guide 

clinical management. It was therefore the aim of this study to describe the functional 

abilities in individuals with the CDKL5 disorder and to investigate the relationships with 

age and genotype. 

 

5.3. Materials and Methods 

The International CDKL5 Disorder Database was established in 2012 and collects 

information from caregivers of a child with the CDKL5 disorder in the form of online or 

paper-based questionnaires. Data collection tools were developed in consultation with 

a CRG, experienced clinicians and review of the literature. Caregivers who had 

previously provided data to InterRett were recontacted and invited to participate in 

this new CDKL5 disorder specific database. Cases were included in this study, if their 

CDKL5 mutation affected protein function and information on current functional 

abilities had been provided. Due to the marked heterogeneity of CDKL5 mutations 

within our sample, mutation types were grouped according to their predicted 
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structural and functional consequences,18 as described in chapter four (figure 13), to 

investigate the relationship between genotype and functional ability.  

 

To investigate the variation in functional abilities by age, individuals were grouped as: 

1.5 years and younger; 1.5 to 7 years, 7 to 13 years; and 13 years and older. These age 

groupings were based on broad expected developmental abilities of children in these 

age groups. 

 

To investigate gross motor abilities for the youngest children in our study (1.5 years 

and younger) a modified version of the Chailey Levels of Ability for skills in prone and 

supine lying, floor and stool sitting, and standing was used.19 The scale was modified to 

allow completion by caregivers and we asked them to indicate which of six alternatives 

best described their child’s gross motor ability in each position. 

 

The Gross Motor Scale for Rett syndrome20 comprises two subscales: the general gross 

motor scale (10 motor tasks, scored: 1 = unable to complete/needs maximal 

assistance; 2= needs moderate assistance; 3= needs minimal assistance; and 4=needs 

no assistance, minimum score 10 and maximum score 40) and the complex gross 

motor scale (five tasks, same scoring, minimum score five and maximum score 20).20 

Higher scores indicate better functional abilities. For the current study, caregivers were 

asked to indicate the level of assistance needed by their child to complete each of the 

15 tasks. The general scale comprising basic motor skills was used for individuals aged 

18 months or older, whilst the complex scale was used for individuals aged three years 

and older. This was done so that only children of an age by which these skills could 

have developed were included.  

 

To investigate the relationship between gross motor skills and hand function and also 

the relationship with age and genotype, each individual’s gross motor scores were 

grouped into the following categories based on the level of assistance needed. For 

general gross motor scores, individuals were classified as mostly unable/needs 

maximum assistance for tasks (score ≤15); mostly needing some assistance (score 

16≤34); and able to perform most tasks with no assistance (score >34). For complex 

gross motor scores, individuals were classified as mostly unable/needs maximum 
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assistance for tasks (score ≤7); mostly needing some assistance (score 8≤16); and able 

to perform most tasks with no assistance (score >16). 

 

To measure hand function, 17 binary questions were used to identify abilities such as 

pressing a switch and grasping large and small objects, enabling scoring using the Rett 

syndrome Hand Function Scale.21 Each individual was assigned a level from one (no 

grasping ability present) to eight (able to pick up small objects using a precise pincer 

grip and transfer objects from one hand to the other). If responses were not clearly 

indicative of a level, further information was sourced from caregiver comments about 

hand function and the most likely conservative score was assigned. For comparison 

between hand grasping and gross motor function and also to investigate the 

relationship with genotype and age, individuals’ hand grasping abilities were grouped 

as follows: none or limited grasping abilities (level 3 or lower); able to grasp large but 

not small objects (level 4); and able to grasp both large and small objects (level 5 and 

higher). 

 

The method of expressive communication used by each individual was investigated 

using questions modelled on two areas of the communication matrix.22 Caregivers 

were asked to indicate the methods of communication their child used to convey 

either refusal or requesting an object or experience. Communication methods 

included: early sounds (such as laughing, screaming and grunting), facial expression, 

body language (such as twisting body away and kicking), simple gestures (such as 

tapping an item or pushing it away), complex gestures (such as shaking their head and 

giving back unwanted item), vocalisations (such as ‘uh uh”), concrete symbols 

(pictures), single words, signs and abstract symbols (includes written words), and 

language (more than one word or sign language ). Each individual was then assigned to 

one of the three following groups based on their highest method of expressive 

communication: 1) simple communication (body language, early sounds, facial 

expressions and simple gestures). 2) complex gestures, vocalisations and concrete 

symbols and 3) spoken language (single words and more than one), sign language and 

abstract symbols. Individuals were grouped by the same age groupings used 

throughout the study, however for statistical analysis relating to communication skills 
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those less than two years were excluded, as it would be unlikely for them to have 

attained language. 

 

5.3.1. Statistical analysis  

Descriptive statistics were used to explore the distribution of functional abilities across 

the age groups and gender. Ordinal logistic regression was used to investigate the 

relationship between age, genotype and categorised gross motor and communication 

abilities for females only as males were too few in number. The model outputs an OR 

for each predictor variable, which is interpreted as the relative odds of an individual 

having a higher outcome in the functional ability variable. Hand grasping ability was 

investigated using logistic regression as it did not meet the proportional odds 

assumption underlying the ordinal logistic regression model.  Logistic regression 

models were calculated to compare limited hand grasping vs the ability to grasp large 

objects only, and grasping of large objects only vs grasping of small objects, according 

to age and mutation groups. Fishers Exact Test was used to determine whether a 

relationship existed between our categorised gross motor and hand grasping skills. 

 

5.4. Results 

As of May 2014 there were 124 individuals who met the inclusion criteria. Of these 108 

(87%) were female (median age six years, range three months to 29 years) and 16 

(13%) were male (median age five years three months, range 10 months to 22 years 

eight months). The distribution of mutations is shown in Appendix C.  

 

5.4.1. Gross motor function of children aged 1.5 years and younger  

Eleven girls and one boy were aged 1.5 years or younger and had modified Chailey 

Levels of Ability scores. For the girls, most were able to roll from supine onto their side 

(n=6) or to prone lying and back again (n=3). Eight were able to lift their head and five 

able to weight bear through their arms whilst lying prone. Eight could sit on the floor 

independently and one could sit on a stool and stand independently. The boy could roll 

from supine to prone, move into four point kneeling, and sit on the floor 

independently. He needed assistance to sit on a stool and balance in standing.  
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5.4.2. Current gross motor scores for individuals aged over 1.5 years. 

The general score for females (n=97) in our study ranged from 10 to 40 (median 18.5) 

whilst the complex score (n=84) ranged from five to 20 (median five). Two thirds (67%) 

needed no support to sit on the floor, just over half (54%) could sit on a firm backed 

chair and almost a third (31%) were able to sit on a stool independently (table 12). A 

quarter were able to stand for up to 20 seconds, 23% could walk forward 10 steps, 

22% could side-step,  21% could turn 180 degrees whilst walking and 21% were able to 

transition from sitting to standing with no assistance. Similar to the proportion who 

could walk with no assistance, 23% were able to perform the more complex task of 

getting up from the floor to standing and 20% could bend over to touch the floor and 

return to standing. Just under a fifth (18%) could step over an obstacle, 13% were 

reported to be able to run and 11% could walk up or down a slope with no assistance. 

 

The median general score was similar for girls aged 1.5 to 7 and 7 to 13 years although 

the interquartile range was wider for girls aged 7 to 13 years (figure 23). The majority 

of the older females had poorer skill levels. For the complex scores, all age groups had 

the same median score of 5 (lowest score), with outliers in each group and the widest 

interquartile range observed again for girls aged 7 to 13 years (figure 23). 

 

Most males needed maximal support or were unable to perform most tasks although 

four boys could sit on the floor with no assistance and one could complete all tasks 

independently (table 12). 
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Table 12. Level of assistance needed to undertake particular gross motor tasks. 

Current gross motor task Level of assistance needed 

Females (%) Males (%) 

None Minimal Moderate Maximal /unable None Minimal Moderate Maximal /unable 

General gross motor tasks for individuals aged ≥1.5 (Females n=97, Males n=15) 

Sitting on the floor for 10 seconds 65 (67) 4 (4) 5 (5) 23 (24) 4 (27) 1 (7) 0 (0.0) 10 (67) 

on a firm backed chair for 10 seconds 

(Females n=95) 

51 (54) 13 (14) 5 (5) 26 (27) 2 (13) 1 (7) 1 (7) 11 (73) 

on a stool for 10 seconds 30 (31) 21 (22) 9 (9) 37 (38) 1 (7) 1 (7) 0 (0) 13 (87) 

Standing 3 seconds (Male n=14) 29 (30) 12 (12) 15 (15) 41 (42) 1 (7) 1 (7) 0 (0) 12 (86) 

10 seconds (Male n=14) 24 (25) 11 (11) 14 (14) 48 (59) 1 (7) 0 (0) 1 (7) 12 (86) 

20 seconds 24 (25) 6 (6) 16 (16) 51 (53) 1 (7) 0 (0) 2 (13) 12 (80) 

Transition from sitting to standing 20 (21) 11 (11) 10 (10) 56 (58) 1 (7) 1 (7) 0 (0) 11 (73) 

Walking 10 steps forward 22 (23) 3 (3) 11 (11) 61 (63) 1 (7) 0 (0) 0 (0) 14 (93) 

side-steps (to step around furniture 21 (22) 3 (3) 11 (11) 62 (64) 1 (7) 0 (0) 0 (0) 14 (93) 

able to turn 180 degrees and change 20 (21) 3 (3) 6 (6) 68 (70) 1 (7) 0 (0) 0 (0) 14 (93) 



Chapter Five   Functional abilities 

121 | P a g e  

 

direction 

Complex gross motor tasks for individuals ≥3 years (Females n=84, Males n=12) 

Transition from the floor to standing 19 (23) 3 (4) 14 (17) 48 (57) 1 (8) 0 (0) 1 (8) 10 (83) 

bending to touch floor and returning to 

standing 

17 (20) 2 (2) 4 (5) 61 (73) 1 (8) 0 (0) 0 (0) 11 (92) 

Walking up or down a slope 9 (11) 11 (13) 8 (10 ) 56 (67) 1 (8) 0 (0) 0 (0) 11 (92) 

stepping over an obstacle 15 (18) 5 (6) 6 (7) 58 (69) 1 (8) 0 (0) 0 (0) 11 (92) 

running 11 (13) 3 (4) 1 (1) 69 (82) 1 (8) 0 (0) 0 (0) 11 (92) 

No assistance: he/she doesn’t need any assistance. Mild assistance: he/she needs a light touch or one handed support. Moderate assistance: he/she needs you to support him/her 
with 2 hands held or hold him/her at the chest. Unable/Maximal assistance: he/she is unable or needs support to keep his/her body upright, for balance and movement. 
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Figure 22. Distribution of general gross motor scores for females aged 1.5 years and 

older and complex gross motor scores for females aged 3 years and older.  

 

 

5.4.3. Hand function 

Information was available for 105 females (information not completed by three 

caregivers) and all 16 males regarding hand function. Caregivers reported that 10%   

(n=11) of the females and 25% of the males had no functional hand use. A level of 

hand grasping could be assigned to all but two of the females (table 13). Overall 17% of 

the females had no ability to grasp objects (seven females had some other hand skills 

e.g. pressing a switch). Otherwise, 66% were able to grasp and pick up a large object 

(>level 3) and 40% could also pick up a small object (>level 4), either using a raking 

grasp (19%, level 5) or the radial side of their hand (21% >level 5). A smaller proportion 

of those using the radial side of their hand were able to grasp small objects with 

precise orientation and positioning of their fingers (11%) (table 13).  

 

A higher proportion of the females in the youngest age group had no hand grasping 

ability compared to the other age groups whilst those aged over 1.5 years had a 

broader spread of hand skills (figure 24). All other age groups had higher median levels 

for hand grasping and more than a half of those aged over 7 years were able to pick up 

a small object (figure 24).  
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Table 13. The distribution of current hand grasping levels of females by age group 

Level Grasping task 1.5 years and 

younger (n=11) 

1.5 - 7 years 

(n=48) 

7 - 13 years 

(n=30) 

13 years and 

older (n=14) 

Total 

(n=103) 

1 Not observed  5 (45%)     4 (8%)     7 (23%)   2 (14%) 18 (17%) 

2 Able to hold at least 1 large object  0 (0%) 10 (21%)     2 (7%)       2 (14%) 14 (14%) 

3 Needs help to grasp but can pick up and hold at least 1 

large object  

0 (0%) 2 (4%) 0 (0%) 1 (7%) 3 (3%) 

4 Can grasp, pick up, and hold at least 1 large object  4 (36%) 16 (33%)       6 (20%)       1 (7%) 27 (26%) 

5 Level 4 AND can use a raking grasp to 

grasp, pick up, and hold a small object  

1 (9%) 7 (15%)       7 (23%)       5 (36%)        20 (19%) 

6 Level 4 AND uses the radial side of their hand to grasp, pick 

up, and hold a small object  

0 (0%) 3 (6%) 1 (3%) 1 (7%) 5 (5%) 

7 Level 6 AND able to transfer an object from one hand to 

the other 

1 (9%) 1 (2%)        2 (7%)       1 (7%)        5 (5%) 

8 Level 7 AND accurate preshaping of the hand is seen 0 (0%) 5 (10%)       5 (17%)        1 (7%) 11 (11%) 
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Figure 23. Distribution of level of current hand function of females by age group 

 

 

Half of the males in the study could not grasp objects (level 1) although a quarter could 

hold an object that was given to them (level 2). Otherwise, two could grasp and pick up 

a large object (level 4), one could pick a small object with a raking grasp (level 5) and 

one used precise pre-shaping of his fingers when grasping and could transfer an object 

between hands (level 8).  

 

5.4.4. Expressive Communication 

Information on expressive communication skills was available for all but two of the 

females. Expressive communication was multimodal for most, although one female 

was reported to only use facial expressions to communicate and two females were 

reported to have no expressive communication. The most frequently used methods of 

communication were body language (96%), facial expressions (94%), early sounds 

(91%) and simple gestures (89%). Over half used complex gestures (63%), a quarter 

used single words, signs or abstract symbols, one fifth used vocalisations and seven 

(7%) used language.  After categorisation by their most advanced communication 

method, the best level of communication used by the majority of females was complex 

gestures, vocalisations and concrete symbols (39%), followed by simple 

communication (35%) and spoken language, sign language and abstract symbols (26%) 

(table 14). For the youngest and the oldest age groups, simple communication 

including facial expression and body language was used most frequently (64% and 
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40%), whilst complex gestures and vocalisations were used more frequently in the two 

middle age groups. 

 

The males in the study also used multiple modes of expressive communication. Unlike 

the females, fewer used complex gestures and vocalisations and three quarters used 

simple communication (table 15).  

 

Table 14. The distribution of expressive communication methods used by females 

Level of 

communication 

Age at time of questionnaire completion 

≤1.5 years 

(n=11) 

1.5> <7 years 

(n=49) 

7 ≥ < 13 years 

(n=31) 

 ≥13 years 

(n= 15) 

 Total 

(n=106) 

Language 0  

(0%) 

4  

(8%) 

3  

(10%) 

1  

(7%) 

8  

(8%) 

Single words, signs 

and abstract 

symbol 

1  

(9%) 

11 

(22%) 

5  

(16%) 

3  

(20%) 

20  

(19%) 

Concrete symbols  0  

(0%) 

1  

(2%) 

3  

(10%) 

2  

(13%) 

6  

(6%) 

Complex gestures 

and vocalisations 

3 

(27%) 

17 

 (35%) 

12  

(39%) 

3  

(20%) 

35  

(33%) 

Basic 

communication 

6  

(55%) 

16 

(33%) 

7 

(23%) 

6  

(40%) 

35 

(33%) 

None 1  

(9%) 

0 

(0%) 

1  

(3%) 

0  

(0%) 

2  

(2%) 
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Table 15. The distribution of expressive communication methods used by males 

Level of 

communication 

Age at time of questionnaire completion 

≤1.5 years 

(n=1) 

1.5> < 7 

years (n=8) 

7≥ <13 

years (n=5) 

≥13 years 

(n=2) 

Total 

(n=16) 

Language 0  

(0%)  

0  

(0%) 

0  

(0%) 

0  

(0%) 

0  

(0%)  

Single words, signs 

and abstract 

symbol 

0  

(0%) 

0  

(0%) 

0  

(0%) 

0  

(0%) 

0  

(0%) 

Concrete symbols  0  

(0%) 

1  

(12%) 

0  

(0%) 

0  

(0%) 

1  

(6%) 

Complex gestures 

and vocalisations 

0  

(0%) 

2  

(25%) 

1  

(20%) 

0  

(0%) 

3  

(19%) 

Basic 

communication 

1  

(100%) 

5 

(63%) 

4  

(80%) 

2  

(100%) 

12 

(75%) 

None 0  

(0%) 

0  

(0%) 

0 

(0%) 

0  

(0%) 

0  

(0%) 

 

 

5.4.5. The relationship between gross motor abilities and hand grasping in 

females  

There was a relationship between hand grasping ability and both general (n=92, p = 

<0.001) and complex gross motor abilities (n=80, p = <0.001). There were no females in 

our study who were mainly independent for the general or complex gross motor tasks 

and who also had poor hand grasping skills (figure 25). There were females however 

with very poor general or complex gross motor tasks and strong hand grasping skills.  
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Figure 24. Relationship between current gross motor abilities and current hand 

function in females.  

 

 

 

 

5.4.6. The relationship between age, genotype and current functional 

abilities  

There was no apparent relationship between age and gross motor or expressive 

communication ability (table 16). Females with a truncation after aa781 had better 

gross motor abilities compared to those with no functional protein (table 16). Females 

with a truncation after aa781 had 6.5 times the odds (95% CI 1.6-26.7, p=0.009) of 

having more advanced level of expressive communication than those with no 

functional protein (table 16). For hand grasping abilities, females with a missense or in-

frame mutation within the catalytic domain had 6.4 times the odds (95% CI 1.2-32.5, 

p=0.03) and those with a truncation between aa172 and aa781 9.6 times the odds 

(95% CI 1.8-50.5, p=0.008) of being able to grasp a large object compared to those with 

no functional protein. Females with a truncation between aa172 and aa781 had lower 

odds (OR 0.13, 95% CI 0.02-0.8, p=0.02) of being able to grasp a small item (than a 

large item) compared to those with no functional protein.  
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Table 16. The relationship between age, genotype and gross motor and communication abilities in females. 

Variable General Gross Motor  Complex Gross Motor  Communication 

N 

 (%) 

OR  

(95% CI) 

P N  

(%) 

OR  

(95% CI) 

P N 

 (%) 

OR 

 (95% CI) 

P 

No functional protein 28 (32)  Baseline 22 (28) Baseline 24 (30) Baseline 

Missense/in-frame mutation within catalytic 

region 

25 (29) 1.0 

(0.4-2.9) 

0.92 23 (30) 1.2 

(0.3-4.7) 

0.83 23 (29) 2.7  

(0.6-5.1) 

0.35 

Truncation after aa 272 and before aa 781 22 (25) 0.9 

(0.3-2.6) 

0.82 20 (26) 1.2 

(0.3-5.0) 

0.80 21 (26) 1.1 

(0.4-3.4) 

0.86 

Truncation after aa 781  12 (14) 3.5 

(0.9-13.0) 

0.07 13 

 (17) 

3.7 

(0.9-15.5) 

0.07 12 (15) 6.2 

(1.6-23.7) 

0.008 

1.5 years and younger   

1.5 to 7 years (c3 to 7 years; d2 to 7 years) 45 (52) Baseline 35c (45) Baseline 38d (48) Baseline 

7 to 13 years 28 (36) 1.4  

(0.6-3.4) 

0.50 28 (36) 1.1  

(0.4-3.2) 

0.85 28 (35) 1.4  

(0.6-3.3) 

0.51 

13 years and older 14 (16) 0.7  

(0.2-2.4) 

0.57 15 (19) 0.7  

0.1-2.5) 

0.55 14 (18) 1.4 

(0.4-4.8) 

0.55 
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5.5. Discussion 

For most individuals with the CDKL5 disorder, functional abilities were severely 

impaired, more so for boys than girls, although there was variability. The youngest 

children in our study aged 18 months and younger were mostly delayed in their 

acquisition of early mobility skills such as rolling, crawling and standing. The older 

females in our study also appeared to have poorer gross motor abilities, likely due to a 

‘cohort effect’ whereby more severe individuals had been diagnosed in the past. With 

increased awareness and better molecular testing, younger and less severe cases are 

now being diagnosed. However there is also the possible occurrence of an effect of 

aging which needs further investigation using longitudinal data collection in a larger 

sample. 

 

Compared to earlier literature, involving case studies, we identified a greater 

proportion of individuals with better functional ability. In a small French case series 

(n=20)23 one female (5%) was able to walk independently, five (25%) were able to 

transfer an object from one hand to the other, five could use babble or single words 

(25%) and one girl could make sentences. A larger proportion of females in our present 

study could walk independently (23%), transfer objects from hand to hand (16%), use 

single words, abstract symbols or sign language (19%) and eight could make sentences 

(language). Few males with the CDKL5 disorder have previously been described. But in 

the largest study to date (n=8) all boys had markedly impaired gross motor and 

communication skills.24 In terms of a milder phenotype Archer and colleagues 

described a young woman who could walk and swim independently, feed herself using 

cutlery and speak in phrases. 17 More recently, a Spanish study reported on eight 

females of whom three learned to walk, four had some hand use and two could speak 

using phrases9 but the pathogenicity of mutations affecting two of these cases has not 

been confirmed.25,26 Our findings support the thesis that a greater spectrum of 

functional abilities exists in the CDKL5 disorder than previously described. 

 

In comparison to Rett syndrome (n=99, median age 14.1 years),20 fewer females with 

the CDKL5 disorder in our present study were able to sit on the floor (67% vs 76%), 

stand for 20 seconds (25% vs 30%) and walk 10 steps forward with no assistance (23% 
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vs 43%). For complex skills the proportions able to run were similar in the CDKL5 

disorder and Rett syndrome (13% vs 14%) but transitions from floor to standing were 

more problematic for those with Rett syndrome (9% vs 23%) possibly due to the 

presence of dyspraxia in this disorder.27 However hand grasping appeared stronger in 

the CDKL5 disorder with a higher proportion of females able to grasp objects (83%) 

compared to those with Rett syndrome (70.1%, n=144, median age 14 years 10 

months).21  Loss of hand skills during a period of regression typically occurs in Rett 

syndrome (80%)3 and is a component of the diagnostic criteria.28 It occurs less 

commonly in the CDKL5 disorder (17%)3 and could explain the higher level of hand 

grasping skill. We previously found that the majority with the CDKL5 disorder did not 

meet the diagnostic criteria for Rett syndrome3 and our current findings provide 

additional detail as to how the functional abilities vary. 

 

Approximately 190 different CDKL5 mutations, of which 14 have reoccurred, have 

been reported in the literature.29 The abundance of unique mutations makes 

investigating genotype-phenotype relationship more difficult. In our study, females 

with a truncation after aa781 mostly required less assistance to complete gross motor 

tasks and had better expressive communication abilities than those with no functional 

protein. In contrast, females who had no functional protein were more likely to be able 

to pick up large and small objects compared to those with a truncation between aa172 

and aa781. Only one other study has specifically examined genotype-phenotype 

relationships (n=26, range per mutation 1-5).29 The missense mutation p.Ala40Val 

(n=5) and the C-terminal nonsense mutation p.Arg550X (n=3) was associated with a 

milder phenotype, whilst a more severe phenotype was associated with the C-terminal 

frameshift mutation c.2635_2636delCT (n=3) with those affected being unable to walk. 

These findings differ to our present study, in that those with the mutation 

c.2635_2636delCT would be part of the truncation after aa781 group which had better 

functional abilities. However, our present study only included two individuals with the 

mutation c.2635_2636delCT of whom one could walk independently and the other 

could not. Therefor the impact that different mutations have on protein function 

needs to be further investigated. The variability in findings is likely to be representative 

of the variation not only between, but within mutation groups and confirms the need 

for even larger clinical studies. 
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It has been suggested that CDKL5 mutations cause early-onset infantile epileptic 

encephalopathy6,30 indicating that the epileptic activity contributes to the severe 

cognitive and behavioural impairment, ‘above and beyond that expected from the 

underlying pathology alone’.31 The developmental processes occurring at the time are 

thought to influence the impact of seizures,32 with early-onset frequent seizures 

having the greatest impact on cognition.33 Spontaneous seizures were not present in 

the first CDKL5 disorder mouse model, however autistic-like behaviours and motor 

impairment were.34 Therefore these features may be a result of the underlying genetic 

abnormality rather than the seizures. It would be of interest to further investigate the 

factors associated with the severity of the functional phenotype and whether they 

relate to early seizure activity. 

 

Our study included the largest number of individuals with the CDKL5 disorder reported 

to date, providing a better opportunity to capture the spectrum of clinical 

presentations. The International CDKL5 Disorder Database, used in this study, is the 

only global data collection developed specifically to collect comprehensive information 

on this disorder. Most previous studies have reported findings in the context of the 

CDKL5 disorder being part of the Rett syndrome spectrum, and mainly comprised 

individual case studies. Even our earlier study1 was primarily developed to collect 

information on Rett syndrome.35 Whilst some of the measures we used in the current 

study were originally designed for Rett syndrome, they are generally applicable to 

individuals with severe functional impairments allowing comparison across conditions. 

Our questionnaire was grounded in the expressed views of our Consumer Reference 

Group who argued that detailed description of motor skills was critical to 

understanding their child’s condition. As a first comprehensive description of 

functional abilities, our study is based on parent-report data although we acknowledge 

that recall error may exist. However parent report of functional abilities has previously 

been accurate and is an important research tool36,37 Therefore we believe that we have 

captured some of the true variability present in the CDKL5 disorder. Planned future 

video data collection will assist in confirming our findings. It is also likely that we may 

have an over-representation of families from higher socio-economic backgrounds 

because of the requirement for genetic testing to confirm the diagnosis. Although our 
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study is the largest to date the genetic heterogeneity still limits the power to identify 

genotype phenotype relationships and therefore even greater numbers are needed. 

 

In summary, we have provided information on the largest sample of individuals with 

the CDKL5 disorder to date. In doing so, we have highlighted the variability within this 

disorder and the need for more research into the factors which may influence this 

variability especially with regard to epilepsy.  
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Forward to Chapter Six

Epilepsy is one of the most commonly occurring clinical symptoms in the CDKL5 

disorder and for most individuals described in the literature appears to be refractory. 

Due to the severe and recurrent nature of seizures and the limited information 

available regarding treatment regimens this was an area of extreme importance to 

members of our CRG. Therefore it was of interest to examine the occurrence of 

epilepsy in the individuals participating in the International CDKL5 Disorder Database 

and describe the treatment regimens used. This chapter has therefore provided more 

detailed information than previously described in the literature and will help in the 

development of clinical management plans. 
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Chapter Six: Epilepsy in the CDKL5 disorder 

 

6.1. Abstract 

The aim of this study was to provide a detailed description of epilepsy and its 

treatment in individuals with the CDKL5 disorder. Cross-sectional data was sourced 

from the International CDKL5 Disorder Database which was developed in 2012. The 

onset of seizures and its treatment was described in individuals aged six years and 

younger. Current seizures and treatment regimens including the use of AEDs, 

ketogenic diet and VNS were described for all individuals within the database. A total 

of 113 individuals were sourced from the database (58 aged six years and younger). 

Seizures occurred in 96% at a median age of five weeks and for most occurred daily 

and were described as clonic seizures. Just over half developed epileptic spasms at a 

median age of nine months. The most common first-line AED used was phenobarbital. 

Currently 84% had active drug resistant seizures, which occurred daily for 75%, whilst 

15% were seizure-free. The most common seizure types were tonic and clonic seizures. 

A third of individuals were prescribed three or more AEDS and clobazam, topiramate 

and valproic acid was the most frequently used. Over half had tried the ketogenic diet 

and 75% experienced improvement in seizures whilst 20% had a VNS and half 

experienced improvements in seizures. This is the first study to describe epilepsy and 

its treatment in a large number of individuals with the CDKL5 disorder. It highlights the 

variability within the disorder and the drug resistant nature of the seizures. There is no 

clear pattern of AED use within the CDKL5 disorder, which is likely representative of 

the variable nature of seizures and individual clinician treatment choices. Our study 

has found that the ketogenic diet and VNS are both beneficial adjunct therapies, which 

need to be further investigated in the CDKL5 disorder. 
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6.2. Introduction 

The main identified clinical feature of the CDKL5 disorder1 is early-onset epilepsy 

within the first three months.2 There have only been two reports to date of affected 

individuals not experiencing seizures,3,4 although for the second the pathogenicity of 

the reported CDKL5 variation is questionable.5 For most, seizures are refractory and an 

adequate response to treatment appears rare.6-13  

 

Four studies have specifically investigated epilepsy in the CDKL5 disorder but case 

numbers have been low (four to 12 individuals per study).10-13 Various seizure patterns 

were described in all including a proposed three stage seizure evolution,11 ‘prolonged’ 

generalized tonic-clonic seizures,12 ‘hypermotor-tonic-spasms syndrome’,13 and lack of 

observable epileptiform activity at onset and the delayed onset hypsarrhythmia.10 The 

variability of these findings may be due to difficulties in describing seizure semiology or 

indicative of the variability of seizure types that occur but also likely due to the small 

numbers included in these studies.  

 

The refractory nature of seizures in the CDKL5 disorder is a major concern for 

caregivers and clinicians. There is limited information about effective seizure control, 

treatment and outcomes. In 2012 we established the International CDKL5 Disorder 

Database which ascertains information from caregivers on the affected individual 

through online or paper-based questionnaires. This database allows the collection of 

caregiver reported information on individuals with the CDKL5 disorder providing the 

largest data collection to date. The aim of our present study was to describe the 

epilepsy and its treatment in individuals with the CDKL5 disorder registered with the 

database. 

 

6.3. Materials and Methods 

Data was sourced from the International CDKL5 Disorder Database. The data collection 

tools, including the elements for epilepsy, were developed through consultation with a 

Consumer Reference Group, experienced clinicians, review of the literature and other 

epilepsy databases and registers.24 Individuals were included in this study if they had a 
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pathogenic or probably pathogenic CDKL5 mutation and information on epilepsy had 

been provided.  

 

Data included the age of onset and diagnosis of seizures, the time between onset and 

initiation of AEDs and the frequency of seizures at onset and at time of questionnaire 

completion (henceforth referred to as “current”). Seizure frequency was reported as 

daily, weekly, monthly or none. The seizure types that occurred at onset and currently 

were determined by combining information from two sources. First, caregivers were 

asked to indicate which of nine possible descriptors (formulated by paediatric 

neurologist SW) best described their child’s seizures (at onset and currently). They 

were then asked to state, if known, the clinical seizure type provided to them by their 

neurologist. Both of these sources of information were used to classify the individual’s 

seizure type into the following categories: tonic, clonic, myoclonic, atonic, absence, 

epileptic spasms and other. Information was also reported on the treatment regimen 

at onset and current. This involved information on the types of AEDs used and for the 

ketogenic diet and VNS we also sought information on age of initiation and caregiver 

reported improvements. Information on whether neurosurgery had been undertaken 

and the perceived benefits was also added in. Individuals with missing data for any of 

the variables contained in this study were not involved in the description for that 

particular item. 

 

6.3.1. Onset of seizures 

To investigate the onset of epilepsy, data were restricted to individuals aged six years 

and younger to limit caregiver recall error. To provide an overview of the period 

surrounding seizure onset, information on the caregivers’ initial concerns was also 

sourced from the questionnaire. To investigate the treatment regimen at seizure onset 

we described the different AEDs and treatments (ketogenic diet and VNS) used over 

the first 12 months following seizure diagnosis.  

 

6.3.2. Current seizures 

All individuals were categorised into the following groups based on the current ILAE 

definitions14: drug resistant epilepsy (the failure of two tolerated AEDs to achieve 
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sustained seizure freedom); drug responsive epilepsy (seizure-free for a minimum of 

12 months); remission with treatment (seizure-free for three years or more and using 

AED treatment at questionnaire completion); remission without treatment (seizure-

free for three years or more and not receiving AED treatment at questionnaire 

completion), epilepsy resolved (seizure-free for ten or more years and without AEDS 

for five or more years) and undefined (individuals who did not meet the previous 

categories). For individuals who were currently seizure-free, information on their best 

current functional abilities (gross motor, hand and communication abilities) was also 

sourced from the questionnaire. The various treatment regimens including AEDs, the 

ketogenic diet, use of VNS and surgery were described. Information was also sourced 

on whether or not enteral feeding was being used to administer the ketogenic diet.  

 

6.4. Results 

There were 221 individuals registered with the study, of whom 163 had a known 

mutation and 113 (98 females and 15 males) had data on epilepsy. Just over half (54%) 

lived in the USA, whilst the remainder were from Australia and New Zealand (n=11), 

the United Kingdom (n=9), the Netherlands (n=6), Germany (n=5), Canada (n=4), 

France (n=4), Ireland (n=3), other countries in Europe (n=9) and one individual was 

from South America. Age at questionnaire completion ranged from three months to 29 

years (median five years 10 months years) for females and one year to 22 years eight 

months (median four years three months) for males. Seizures were reported to have 

occurred in 96% (n=109) (no seizures reported for three females and one male). Due to 

the similar nature of seizures occurring within the females and males in this study, they 

are reported as a total group rather than separately. The distribution of mutations is 

shown in Appendix C. 

 

6.4.1. Onset of seizures in children currently aged six years and younger 

There were 58 children (one boy never had seizures) aged six years and younger 

(median three years four months). First concerns regarding possible seizures were 

reported for all but one during the neonatal and early infancy period (median five 

weeks, 90% < four months, range one day to 15 months (the median age, range and 

90th percentile was the same for the entire sample). Nearly all caregivers (86%) 
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reported that the occurrence of seizures prompted their first concern about their child. 

Seizures occurred daily for most (95%), with only three reported to have less frequent 

(weekly) seizures. The number of seizures a day ranged from one to 20, with 43% 

(n=23) having less than five per day, 44% (n=24) having between five and nine seizures 

per day and the remainder (n=7) having 10 or more seizures a day. The children with 

weekly seizures had between two and five seizures a week. All but four caregivers 

reported more than one seizure type at onset, with just under half (46%) having four 

or more types reported. The most frequently reported seizure types at onset were 

clonic (86%), followed by tonic (60%), myoclonic (57%) and absence (44%)  (table 17). 

 

Table 17. Frequency of different seizure types reported at onset in individuals aged 

six years and younger. 

Seizure type Number of Children (n=57) 

Clonic 49 (86%) 

Tonic 34 (60%) 

Myoclonic 32 (56%) 

Absence 25 (44%) 

Atonic 6 (11%) 

Spasms 15 (26%) 

Other 40 (70%) 

  

 

Epileptic spasms were common and overall (not just in those aged six years and 

younger) just over half (n=64/109) had had epileptic spasms. The age of onset varied 

from three weeks to three years 10 months, with the median age being nine months. 

 

6.4.2. Treatment of seizures at onset in those aged six years and younger 

The AED treatment regimens at onset were available for 88% of children. The time 

between the first appearance of symptoms and the initiation of treatment ranged 

from the same day to 18 months (median two weeks, 90% < three and a half months), 

with only four individuals having a period of longer than three and a half months. Over 

a 12-month period following the initiation of seizure treatment individuals received 
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between two and eleven AEDs (median four AEDs). The first line AED was mostly in the 

form of monotherapy (84%) with phenobarbital being the most common (44%), 

followed by valproic acid (12%) and levetiracetam (12%) (table 18). There were no 

common combinations for any of the eight individuals who received a combination as 

their first line AED. The time between addition and/or change to the first line AED (to a 

second, third or fourth) ranged from one week to 16 months (median eight weeks). 

Most received one additional AED (83%) with levetiracetam (24%) and topiramate 

(17%) being the most common (table 18) .There were no combinations in common for 

the eight who received two additional AEDs. Seven individuals started the ketogenic 

diet within the first 12 months following onset of seizures. 

 

Table 18. The distribution of AEDs used during the onset of seizures. 

First line AED Number of 

individuals (n=50) 

Second line AEDs Number of 

individuals (n=46) 

Monotherapy 42 (84%) Single AED 

added/changed 

38 (83%) 

Phenobarbital 22 (44%) Levetiracetam 11 (24%) 

Valproic acid 6 (12%) Topiramate 8 (17%) 

Levetiracetam 6 (12%) Vigabatrin 4 (9%) 

Topiramate 2 (4%) Valproic acid 3 (7%) 

Clonazepam 2 (4%) Clonazepam 3 (7%) 

Oxcarbamazepine 2 (4%) Oxcarbazepine 2 (4%) 

Vigabatrin 1 (2%) Phenobarbital 2 (4%) 

Prednisone 1 (2%) Zonisamide 1 (2%) 

Combinations 8 (16%) Carbamazepine 1 (2%) 

Phenobarbital and 

ACTH 

1 (2%) Clobazam 1 (2%) 

Phenobarbital and 

Carbamazepine 

1 (2%) Phenytoin 1 (2%) 

Phenobarbital and 

Topiramate 

1 (2%) ACTH 1 (2%) 

Valproic acid and 1 (2%) Combinations 8 (17%) 
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Oxcarbazepine added/changed 

Valproic acid and 

Topiramate 

1 (2%) Levetiracetam and 

Clonazepam 

1 (2%) 

Clonazepam and 

ACTH 

1 (2%) Levetiracetam and 

Oxcarbazepine 

1 (2%) 

 Levetiracetam and 

Prednisolone 

1 (2%) 

Phenobarbital and 

Topiramate 

1 (2%) 

Valproic acid and 

Topiramate 

1 (2%) 

Vigabatrin and 

Nitrazepam 

1 (2%) 

Vigabatrin and 

Topiramate 

1 (2%) 

Levetiracetam and 

Topiramate 

1 (2%) 

AED: Anti-Epileptic Drug 

 

6.4.3. Description of current seizures in the CDKL5 disorder 

The majority of individuals currently had drug resistant epilepsy and were still 

experiencing active seizures (84%). A small number had drug responsive epilepsy (n=3), 

epilepsy in remission without treatment (n=3), resolved epilepsy (n=1) and undefined 

epilepsy (n=9). For those with active seizures the majority (75%) had seizures that 

occurred on a daily basis, with between one and 21 seizures occurring per day (median 

three per day).  In 15% the seizures were occurring weekly (median three per week, 

range one to 10) and in the remaining 10% monthly (median three per month, range 

one to eight). All but three individuals with active seizures had more than one seizure 

type reported to be occurring. For 14% two types were reported, for 16% three types 

and for the remaining two thirds (67%) four or more types. The most frequently 

reported seizures were tonic (74%), clonic (70%), myoclonic (64%) and absence (62%) 

(table 19).  
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Table 19. Frequency of different seizure types currently reported in individuals with 

the CDKL5 disorder. 

Seizure type Number of individuals (n=92) 

Tonic 67 (73%) 

Clonic 64 (70%) 

Myoclonic 59 (64%) 

Absence 57 (62%) 

Atonic 35 (38%) 

Spasms 21 (23%) 

Other 61 (66%) 

 

A honeymoon period of two months or longer had been experienced by just over half 

(n=58). Age of onset of this seizure-free period ranged from two months to nine years 

two months (median 18 months) and lasted for a median of six months (range two 

months to 16 years 10 months). 

 

6.4.4. Current treatment regimens in the CDKL5 disorder 

AEDs were currently being used by 87% (including seven with seizures no longer 

present) of whom 15% were on monotherapy, 30% were receiving dual therapy, 26% 

on three, 14% on four and 3% on five AEDs. Overall, 24 different AEDs were being used 

with the most common being clobazam (34%), topiramate (31%), valproic acid (30%), 

vigabatrin (28%), levetiracetam (27%), lamotrigine (14%), phenobarbital (13%), 

zonisamide (13%), rufinamide (12%) and clonazepam (12%). 

 

Just over half (n=59) of our study group had started the ketogenic diet (the modified 

Atkins diet in two) between the age of three months and 15 years (median age two 

years) (table 20). Three quarters were reported to have experienced some 

improvement whilst on the diet (table 20) and the time taken for these improvements 

to occur ranged from immediately to three years (median three weeks). The most 

frequently reported improvement related to decreased frequency and severity of the 

seizures (table 20). A fifth of those who commenced the diet were using KetoCal or 
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similar through enteric feeding (one child was using a combination of tube feeds and 

oral feeds) whilst the remainder were orally fed. Of those who experienced 

improvements, 41% (n=18) were still currently on the diet and of these 39% (n=7) were 

receiving enteral feeds. Overall less than a third (n=18/59) of those who had 

commenced the diet currently remained on the diet. The main reasons for ceasing 

were related to side effects and intolerances (including being too hard to administer 

and the child finding it unpalatable) and concerns about poor seizure control. 

 

One fifth of individuals between the ages of 18 months and 19 years (median age five 

years two months) had had a VNS inserted (table 20). Of these, over half were 

reported to have had an improvement affecting the duration, frequency or severity of 

seizures (table 20). These improvements were reported to have taken between one 

week and two years to occur (median six weeks). There were two individuals who were 

reported to have had their VNS switched off either due to limited improvement in 

seizures or the development of serious breathing difficulties. 

 

Five individuals had had neurosurgical procedures. Three had a corpus callosotomy, 

one a left functional hemispherectomy and one had undergone four different 

operations including a temporal lobectomy, frontal lobectomy, partial corpus 

callosotomy and complete corpus callosotomy. Two caregivers reported that the 

procedures had helped control some of their child’s seizures (one through corpus 

callostomy the other through the left functional hemispherectomy). 
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Table 20. Information on the use of the ketogenic diet and VNS within the CDKL5 

disorder. 

 Epilepsy diet (ketogenic 

or MAD)  

VNS 

Number of individuals who tried 

treatment 

59/109 (54%) 22/109 (20%) 

Number who experienced 

improvement 

44/59 (75%) 13/22 (59%) 

Seizure Frequency 32/44 (73%) 9/13 (69%) 

Seizure Duration 26/44 (59%) 10/13 (77%) 

Seizure Severity 28/44 (64%) 9/13 (69%) 

Other 29/44 (65% 7/13 (54%) 

Number of individuals remaining 

on treatment if experienced 

improvement 

18/44 (41%) 12/13 (92%) 

Total number of individuals 

remaining on treatment 

18/109 (17%) 20/108 (19%) 

MAD: Modified Atkins diet, VNS: vagus nerve stimulation 

 

6.4.5. Description of individuals who were currently seizure-free 

There were 16 individuals who were seizure-free at the time of questionnaire 

completion (table 21). The period of being seizure-free ranged from one month to 16 

years 10 months (median seven months). Six individuals had ceased all treatment, 

whilst the remaining ten were either on AEDs, the ketogenic diet or VNS (table 21). 

Current functional abilities were variable in these individuals, with some able to walk 

(n=4), use spoken language (n=5) and pick up small objects using a pincer grip (n=3) 

whilst others had poor gross motor abilities, limited communication and were unable 

to grasp objects. 
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Table 21. Clinical information on seizure-free individuals at time of questionnaire completion. 

Patient Nucleotide change Amino Acid change Age Duration 

seizure-

free 

Treatment 

status 

AED Best functional ability in the gross 

motor, expressive communication and 

hand function domains 

1 F c.532C>T p.Arg178Trp 5y 9m AED, Keto, 

VNS 

LEV, CLN, 

DXP 

Roll, complex gestures and vocalisations, 

minimal hand use 

2 F c.100-9_100-

3delCCCTTGCins 

GCAGA 

p.(Lys33dup) 6y11m 6y8m None - Walk/run, spoken language, precise 

pincer grip 

3 F c.587C>T p.Ser196Leu 7y10m 3m AED, Keto TPM, LEV Sitting, complex gestures and 

vocalisations, pick up large objects 

4 F c.146-6T>G p.(Glu49Valfs*2) 7y 2y11m None - Walk/run, complex gestures and 

vocalisations, raking grasp 

5 F c.595T>C p.Cys199Arg 6y10m 3m AED, Keto, 

VNS 

VGB, LMT Roll, babble, minimal hand use 

6 F c.556_557delGC p.Ala186Serfs*19 7m 1m AED VPA, VGB Limited gross motor, babble, minimal 

hand use 

7 F c.978-?_2980+?del  p.? 6y1m 5y3m None - Walk/run, spoken language, precise 

pincer grip 
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8 F c.2477-?_2713+?del p.(Ser833Thrfs*22) 6y5m 5m AED VPA, LMT Walk, spoken language, pincer grip 

9 F c.-253-?_*1085del p.(?) 19y11m 16y11m None  Sit, spoken language, grasp large objects 

10 F c.2276+1G>A p.(Val718_Trp759delin

sGly) 

4y3m 3y7m None  Sitting, simple communication, minimal 

hand use 

11 F c.2504delC p.Pro835Hisfs*2 7y2m 5m AED, Keto ZNS Walk with support, spoken language, 

raking grasp 

12 F c.872G>A p.Cys291Tyr, 1y9m 1m AED RUF Sitting, complex gestures and 

vocalisations, pick up large objects 

13 F c.1791delC p.Tyr598Thrfs*18 11y 2y AED LMT, GBP, 

LORA, DZP 

Sitting, simple communication, pick up 

large objects 

14 F c.536C>T p. Ser179Phe 5y8m 3y4m None  Sitting, simple communication, raking 

grasp 

15 M c.2420_2430del p.Ser807Cysfs*2 1y 5m AED TPM, LEV Rolling, simple communication, limited 

hand use 

16 M c.400C>T p.Arg134* 10m 2m AED, Keto PB, CLOB Sitting, simple communication, raking 

grasp 

Keto: Ketogenic diet; LEV: Levetiracetam; CLN: Clonazepam, DZP: Diazepam; PB: Phenobarbital, CLOB: Clobazam; TPM: Topiramate; VGB: Vigabatrin; 

LMT: Lamotrigine; GBP: Gabapentin; LORA: Lorazepam; VPA: Valproic acid; RUF: Rufinamide; ZNS: Zonisamide,  

Mutation nomenclature based on GenBank reference sequence NM_003159.2.  Protein nomenclature in brackets is predicted based on in silico 

sources only.  
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6.4.6. Description of individuals who have never had epilepsy 

There were four individuals who had never developed epilepsy (three females and one 

male) of whom two of the females were twins and the third one of affected twins. The 

set of twins were born preterm at 33 weeks after threatened preterm labour at 27 

weeks with twin-to-twin transfusion. Both girls had developmental delay, however at 

eight years nine months both were able to walk independently. They have a late C-

terminal de novo mutation c.2684C>T, p.Pro895Leu in a moderately conserved residue 

and thus the mutation has been classed as ‘possibly pathogenic’. The third female was 

also a monozygotic twin, however her twin sister did have epilepsy3. At three years she 

presented with speech impairment and autistic-like behaviour. Now aged 30 years, she 

has a clinical diagnosis of autism, is able to walk independent and has a single 

nucleotide deletion c.183delT resulting in a premature truncation (p.Met63Cysfs*13) 

within the catalytic domain. The only male in our study whom had never had epilepsy 

presented with developmental delay at eight months and was subsequently diagnosed 

with hypotonia. At four years two months he has a clinical diagnosis of autism, and 

good gross and fine motor functional abilities but does not communicate verbally. He 

has a de novo missense mutation within the catalytic region (c.514G>A, p.Val172Ile). 

 

6.5. Discussion 

Seizures are the most common clinical feature in the CDKL5 disorder. For most daily 

seizures developed within the first four months and were the first cause of concern.  

Seizures remained drug resistant, although the frequency of daily seizures decreased 

over-time and a small proportion of individuals became seizure-free. Seizure types 

reported at onset mainly consisted of tonic and clonic seizures but became more 

varied with myoclonic, absence and atonic seizures becoming more frequent with 

time. Four individuals (three females and one male) had never developed seizures, 

highlighting the possibility that a previously undiagnosed spectrum exists. 

 

Phenobarbital was the most frequently prescribed first-line AED, followed by valproic 

acid and levetiracetam. For individuals currently prescribed AEDs, a third were on 

three or more, but no common AED combinations were observed. In a French study 

(n=12) valproic acid was the most common first-line AED and for most, seizures 
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stopped within one month following initiation (four continued to be seizure-free).11 In 

our study fewer individuals were currently seizure-free and only one female became 

seizure-free within the first few months following treatment. Epileptic spasms, which 

occurred in all individuals in the French study11 were reported to occur in less than 

three fifths (n=64/109) in our study. As reported by Jahn and colleagues (n=4),10 we 

also found that for some epileptic spasms started after infancy and were persistent. 

Our study highlights a more variable spectrum of seizure types and response to 

treatments than has been previously reported. We did not identify any patterns in the 

use of AEDs.  This is most likely due to the variability in seizure types in the CDKL5 

disorder and the limited clinical evidence informing AED choice within the paediatric 

population.15  

 

There was a small number of individuals in our study who were currently seizure-free 

(n=16; 15%). There were no common epilepsy treatments, with six (38%) no longer 

receiving treatment, five (31%) on AEDs only and five (31%) on a combination of AEDs, 

ketogenic diet and VNS. Functional abilities also varied, with some individuals able to 

walk/run, use spoken language and had strong hand grasping skills, whilst others had 

impaired gross motor, communication and hand grasping skills. One girl who had been 

seizure-free for 16 years was able to sit independently, could use spoken language and 

grasp large objects, whilst another girl who had been seizure-free for five months 

could walk, use spoken language and a pincer grasp to pick up small objects. The 

impact that seizures have on functional abilities is therefore still unclear and further 

research into this is recommended. 

 

The ketogenic diet is an effective treatment in children with refractory epilepsy.16 In 

our study half had tried the ketogenic diet and improvements were reported for three 

quarters. Other studies on children with epileptic encephalopathy have reported 

overall success rates between 30 and 91% but a large number of children still 

discontinue the diet (29-91%).16 Our findings are similar in that just under a third 

remained on the diet (two fifths of those who experienced improvement). In 2009 the 

International Ketogenic Study Group recommended that children who fail two or more 

AEDs should commence the diet.17 It appears that, in our study, the ketogenic diet was 

still being used as a last resort as the median age of starting the diet was two years. 
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When considering that for most, seizures start by four months of age and multiple 

AEDS were being prescribed in the first year, it would seem that perhaps earlier 

implementation could be beneficial. Our findings support the use of the ketogenic diet 

in the CDKL5 disorder but further research into the efficacy and tolerability of the 

ketogenic diet through large prospective clinical studies is needed.  

 

Our study has found that VNS may be an efficient adjunct treatment for epilepsy in the 

CDKL5 disorder. Only a small proportion (20%) of individuals had received a VNS 

however more than half were reported as showing improvements. Previous studies 

have found similar proportions of individuals with epileptic encephalopathy and 

intractable epilepsies responding to the VNS.18,19 As for AEDs and the ketogenic diet, 

randomised control trials are limited in the paediatric population.20 Treatment 

recommendations pertaining to the use of the VNS in paediatric populations were 

published in 2006, suggesting that VNS insertion should be considered in those with 

refractory epilepsy (failure to respond to four or more AEDS) who are not eligible for 

surgery.21 The efficacy of the VNS in the CDKL5 disorder should therefore be further 

explored as it has been shown to be a cost-effective treatment for pediatric epilepsy.22 

 

Historically, epilepsies and neurodevelopmental disorders were clinically diagnosed 

23,24 but with the advancement of genetic technologies a number of different de novo 

mutations in different genes have been identified.25,26 These mutations are not 

exclusive to the clinically diagnosed disorder, but rather overlap a spectrum of 

different clinical phenotypes.24 For example mutations in the ARX gene have been 

identified in individuals with West syndrome, autism, dystonia and intellectual 

disability.27,28 SCN1A mutations, which were initially discovered in individuals with 

generalised epilepsy with febrile seizures plus, were also subsequently identified in 

Dravet syndrome (severe myoclonic epilepsy of infancy),29 individuals with cryptogenic 

generalised epilepsy, cryptogenic focal epilepsy, Lennox-Gastaut Syndrome30 and even 

familial migraine.31 The identification of mutations in the same gene in these distinct 

syndromes questions the existing clinical boundaries and suggests perhaps that these 

different clinical phenotypes may be part of spectrum within the same genetic 

disorder. This is also true for the CDKL5 disorder where there does not appear to be 

one clear phenotype, rather a spectrum, including those who never develop epilepsy.  
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Our study has provided data on the largest collection of individuals with the CDKL5 

disorder and highlights the variability within this disorder. In contrast, existing 

literature specifically focused on epilepsy10-13 presented variable conclusions based on 

relatively small case series. There are of course study limitations, such as the use of 

parent reported data in relation to seizures. However, as we asked caregivers to 

provide us with both the clinical description given to them by their neurologist and 

indicate which example best described their child’s seizures it is likely that we are 

adequately representing the seizure types in their child. Caregivers were also asked to 

refer to their child’s medical records and seizure diaries before completing the 

questionnaire. To limit recall error, individuals were restricted to six years and younger 

when investigating seizure onset. Our study may be skewed towards certain 

nationalities and higher socioeconomic status as caregivers need to have access to 

genetic testing for a diagnosis and access to the internet to register with our study. 

Language barriers may also contribute, as the website and questionnaire are currently 

only available in English and French and therefore only those who can use these 

languages can participate.   

 

Our study has shown the variability in epilepsy and its treatment in the CDKL5 

disorder. Large proportions of individuals with the CDKL5 disorder have catastrophic 

refractory epilepsy and are on three or more AEDs. But, there are also some individuals 

with more controlled epilepsy. The ketogenic diet and VNS appear to be an effective 

adjunctive therapy in the CDKL5 disorder, however further clinical and epidemiological 

studies should be undertaken to investigate the advantages of these specifics 

treatment options. 
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Chapter Seven: Overall Discussion and Conclusion 

 

Mutations in the CDKL5 gene are associated with a variable array of clinical 

presentations. For most individuals however a severe neurodevelopmental disorder is 

present. Impaired functional abilities, refractory seizures and other comorbidities that 

are described in the literature have a significant impact on the affected individual, 

their family and the community. This thesis has provided the infrastructure for future 

research and detailed evidence-based information on development, functional 

abilities, seizures and their treatment which can be used to develop better clinical 

management guidelines.   

 

In the period before this thesis was commenced (before 2010), individuals with a 

CDKL5 mutation were generally considered to have the early-onset seizure variant of 

Rett Syndrome. This was due to mutations within the CDKL5 gene first being identified 

in females who were clinically diagnosed with Rett syndrome but negative for a MECP2 

mutation.1,2 During this period (before 2010) clinicians identified CDKL5 mutations in 

individual children and adults not diagnosed with Rett syndrome, but who had infantile 

spasms, early-onset seizures, epileptic encephalopathy, West Syndrome and 

intellectual disability with no prominent seizure disorder.3-7 This raised the question as 

to whether individuals with a CDKL5 mutation did in fact have Rett Syndrome or 

perhaps were part of an independent clinical entity where early-onset seizures was the 

key clinical feature.  

 

Through the preliminary analysis presented in chapter two, using information collected 

through the International Rett Syndrome Phenotype Database (InterRett), this thesis 

has shown that most individuals with a CDKL5 mutation do not meet the clinical 

diagnostic criteria for Rett Syndrome. It was therefore suggested that their condition 

be known as the ‘CDKL5 disorder’. The outcome of these findings resulted in the 

subsequent establishment of the International CDKL5 Disorder Database, which aimed 

to collect parent report data on a larger number of individuals with the CDKL5 disorder 

to further define the natural history. This database provides a unique source of data 

about the disorder as well as a framework for further international collaborations. It 
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also allowed the investigation of the developmental history, functional abilities and 

epilepsy treatment regimens in a large group of individuals, on whom data had been 

submitted, providing better clinical information for both clinicians and caregivers. 

 

7.1. There is variability in the clinical presentation of individuals with 

the CDKL5 disorder 

Although a large proportion of individuals exhibited a severe phenotype, in regards to 

their functional abilities, we have shown that there is variability in the clinical 

presentation of individuals with the CDKL5 disorder. Prior to completing this work, the 

information on individuals with a CDKL5 mutation was limited to case studies or small 

case series and therefore it was difficult for the spectrum of functional abilities to be 

clearly illustrated. Some studies included individuals with a milder presentation 

whereas others were limited to those who were severely impaired.8-11 This thesis is 

therefore the first study to provide an overview which includes, what we believe to be, 

the full range of the disorder, and also the first to begin investigating whether this 

variability is related to the underlying gene mutation in a large sample of individuals.  

 

In chapter four the timing of attainment of developmental milestones was 

investigated. This is novel as all existing literature focused on whether the skills were 

attained not the age when that occurred. This study found that although many 

children had not attained a majority of milestones, those that did, acquire them at a 

later age. All individuals who acquired independent walking in this study did so after 18 

months of age. It is possible that this delay is associated with the occurrence of early-

onset seizures however it may also relate to increased time needed to develop 

postural control, weight bearing and coordination. In this chapter the relationship 

between the attainment of developmental milestones and underlying gene mutation 

was also investigated. This study was unable to demonstrate any clear relationship 

between mutation type and the time when milestones were attained. The findings 

from this chapter provide clinicians and caregivers for the first time detailed, evidence-

based information on the attainment of developmental milestones. This will allow 

appropriate information to be provided to caregivers, when they receive the diagnosis, 

of the potential developmental outcomes for their child.  
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In chapter five the current functional abilities of individuals with the CDKL5 disorder 

were presented. Although the majority of individuals in this study had impaired 

functional abilities there was a small minority with better levels of ability than 

previously described in the literature. The largest study conducted prior to the 

commencement of this thesis was published in 2008 and reported on the key clinical 

features of 20 females with a CDKL5 mutation.12 The authors found that of 20 females, 

13 could sit, a third could walk with support, one could walk without support, four had 

some hand use and language was limited to babble or single words for five and one girl 

could form three word sentences. In comparison to findings in this chapter these 

individuals appear to have more impaired functional abilities, as this thesis found that 

nearly a quarter could walk independently, most had some hand grasping ability and a 

quarter used more complex expressive communication skills such as sign language, 

words or complex gestures (eight could use language). The greater diversity in 

functional abilities in this study is likely due to increased age of study members and 

also representative of the database’s ability to ascertain individuals with various 

clinical presentations. All existing literature was based on studies specifically looking 

for CDKL5 gene mutations within a particular clinical spectrum of individuals, usually 

involving an epileptic encephalopathy, and thus limiting the clinical spectrum 

identified. 

 

In chapter five the relationship between current functional ability and the underlying 

CDKL5 mutation was also investigated. In this chapter it was shown that females with 

late truncating mutations appeared to have greater functional abilities than those who 

had a large deletion or mutation causing loss of function of the CDKL5 protein. In the 

literature only one other study has specifically investigated the relationship between 

genotype and phenotype.13 The authors investigated the clinical presentation of 26 

individuals with one of eight recurring mutations. In this thesis, due to the 

heterogeneity of mutations, mutations were grouped by their predicted structural and 

functional consequences to increase power and to provide a better estimate of the 

influence of genotype on functional ability. The findings in this chapter differed from 

the previously published study in that girls with the c.2635_2636delCT mutation would 

have been part of the late truncating category that had greater functional abilities than 

those with no CDKL5 protein.13 It is likely that these differences in findings are a direct 
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example of the degree of variability within the CDKL5 disorder and demonstrate the 

need for large studies to investigate specific mutation types. 

 

This research has also highlighted how the clinical phenotype of individuals diagnosed 

has changed over time. In chapter four a phenomenon which was called the ‘cohort 

effect’ was shown to influence the proportion of individuals that had attained 

particular milestones within different age groups. It appeared as though there were 

more individuals aged between seven and 13 years who had attained milestones than 

those who were 13 years and over. It was suggested that this difference might be 

because in the past it was children and adults with severe undiagnosed forms of 

‘epileptic encephalopathy’ who were being targeted for screening for CDKL5 

mutations. However, more recently increased awareness of CDKL5 mutations in early 

onset-seizures and advances in molecular genetics means that younger children with 

variable clinical presentations are being identified. For example one young boy in this 

study who was clinically diagnosed with autism and never had epilepsy is unlikely to 

have been reported by researchers studying individuals with the typical ‘epileptic 

encephalopathy’ profile. This study was therefore able to capture the degree of 

variation in clinical presentation resulting from mutations within the CDKL5 gene. 

 

There was also variability in the occurrence of epilepsy as presented in chapter six. 

Although within our sample most had developed seizures by four months of age, a 

small number had never developed seizures, suggesting again that perhaps a different 

spectrum of individuals may exist who are yet to be identified. Even those who did 

develop seizures, were often unique in the type of seizures first experienced and an 

even greater spectrum of seizure types were occurring at time of questionnaire 

completion. Some of this variability may relate to the difficultly in identifying specific 

seizure types in young infants and children due to their not exhibiting the full range of 

manifestations which occur in the adult population.14 But it is also likely a direct 

reflection of there not being a single specific seizure type that universally occurs in the 

CDKL5 disorder. Previous studies on epilepsy in the CDKL5 disorder were conducted on 

small case series (max n=12) 15-18 and from this research three apparent stages of 

epilepsy were identified.15 However, it is vital that large clinical studies be undertaken 

as it is likely that these findings may not extrapolate to the larger CDKL5 population. 
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7.2. Epilepsy treatment regimens within the CDKL5 Disorder 

This thesis has provided the most detailed information regarding the treatment of 

epilepsy within the CDKL5 disorder. It has provided an overview of the anti-epileptic 

drugs (AEDs) in use within a large sample of affected individuals both at onset and at 

time of questionnaire completion. In doing so it was demonstrated that the majority of 

individuals with the CDKL5 disorder have drug resistant epilepsy and that there are no 

common AED treatment patterns. Prior to this thesis the only available information on 

the treatment of epilepsy was available in the individual case studies and small case 

series and thus only provided a snapshot of the treatment regimens for those 

particular individuals. This thesis provides detailed information on the treatments used 

for a much larger number of individuals providing more detailed evidence for clinicians 

to use to help develop and guide their epilepsy management plans. However further 

clinical and epidemiology studies are needed to continue to investigate the efficacy of 

AEDS in patients with the CDKL5 disorder.  

 

This thesis is also the first study to specifically investigate the use of alternative 

epilepsy treatments such as the Ketogenic Diet and the Vagus Nerve Simulator (VNS)  

in the CDKL5 disorder. The Ketogenic diet was commenced in about half of the 

individuals in this study, of whom a quarter experienced improvements in seizure 

frequency and severity. However there were far fewer individuals who had continued 

with the diet. This is an important finding as it suggests that the Ketogenic diet can be 

a useful adjunctive therapy for seizures but there needs to be more research into the 

long-term efficacy, including its palatability and tolerance. Around a quarter of those in 

this study had had a VNS inserted and improvements were reported for around half. 

These findings are novel and will provide clinicians with information regarding whether 

or not to consider the ketogenic diet or VNS in patients the CDKL5 disorder who have 

drug-resistant epilepsy.  

 

7.3. Why we shouldn’t classify genetic disorders by their clinical 

phenotype 

When mutations in the CDKL5 gene were first identified in children with the early-

onset seizure variant of Rett syndrome it was thought that this was the gene 
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responsible for this clinically defined subset of Rett syndrome. However with increased 

testing of various subgroups of individuals, mainly those with epileptic 

encephalopathy, it became more apparent that many of these children did not meet 

the clinical criteria for Rett syndrome. As a consequence, CDKL5 mutations are now 

considered, by some, to be responsible for the Early-Onset Epileptic Encephalopathy 

Type 2.19  

 

Epileptic encephalopathies include a series of epileptic syndromes associated with a 

particular seizure semiology and electroclinical picture. However the hallmark is early 

onset of severe refractory seizures which result in developmental arrest or regression 

and profound global developmental delay. Recently mutations in various genes have 

been identified in individuals with epileptic encephalopathy including ARX, KCNQ2, 

SCNA1, SCNA2, and STXBP1. In an article published in 2012 a diagnostic algorithm is 

proposed to aid in the clinical diagnosis of these ‘epileptic encephalopathies’.20 It 

includes different pathways for those where the seizures are the main symptom and 

those where other features are presenting suggesting a ‘syndrome’. The pathway 

includes first line investigations (laboratory investigations such as total blood count 

and liver function tests), second line investigations (more specific laboratory 

investigations amino acid levels etc) and third line investigations (genetic, EEG and MRI 

etc).20 The authors acknowledge that there are still limitations within their algorithm in 

that many are hard to distinguish at onset and there is much overlap between the 

different groups. This could mean that the series of investigations undertaken may be 

sub-optimal or inappropriate for some children. It is also likely that individual hospitals 

and clinics have their own specific diagnostic pathways and if children do not fit the 

expected phenotype, they may not undergo the correct testing. The variation we have 

shown within our research, especially in the younger children, suggests that many 

children who do not ‘fit’ this clinical picture are only now being diagnosed with the 

introduction of gene panels and whole genome sequencing. 

 

 Further evidence in the overlap between mutations within these genes and other 

disorders is in that these mutations are not limited to individuals with the clinical 

picture of Epileptic Encephalopathy.19,21,22 For example, SCN1A mutations have been 

identified in individuals with generalised epilepsy with febrile seizures plus, Dravet 
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syndrome, cryptogenic generalised epilepsy, cryptogenic focal epilepsy, Lennox-

Gastaut Syndrome and even familial migraine.23-25 These ‘disorders’ present a variable 

spectrum of severity from a severe epileptic encephalopathy, a milder seizure disorder 

with normal motor development to being limited to severe migraines. On this account 

it has recently been suggested that perhaps Dravet syndrome should be considered a 

channelopathy, rather than a epileptic encephalopathy, as the underlying gene 

mutation was likely to be the causative factor above and beyond the impact of 

seizures.26 These advances in molecular technologies are not only challenging 

preconceived ideas that were defined when genetic testing was not available but also 

providing the potential for more specific therapies and treatments. 

 

The discovery of genetic mutations and advances in molecular diagnostic capabilities is 

the driving factor for these changes in thinking and classifying epilepsies. Currently the 

ILAE (International League against Epilepsies) is revising the 2010 proposed ‘revised’ 

version of the 1989 ‘proposed’ ‘terminology and concept for organisation of 

epilepsies’.27 This is due to ‘frustration that science was marching forward, and this 

was not reflected in the way that we classify epileptic seizures and syndromes’. 27 It 

has been suggested that the new classification system needs to ‘break tradition’ as 

they have been based on ‘an era where diagnostic tools were limited to clinical 

observation and EEG’. 28  

 

 Angelman syndrome is characterised by intellectual disability, seizures, frequent 

smiling, hand flapping and gait29abnormalities.29 It is caused by absence of maternally 

derived UBE3A expression in the brain,30 however for around 10% of clinically defined 

cases a genetic cause cannot be found. These cases are diagnosed with ‘test negative’ 

Angelman Syndrome.30 A recent review of ‘Angelman Sydrome-like’ disorders caused 

by genetic mutations in other genes30 suggested that testing for abnormalities in genes 

associated with the Angelman syndrome-like disorders should be considered in those 

negative for mutations in UBE3A instead of clinically diagnosing as ‘test negative’. 

These genes included MECP2 and CDKL5. This highlights the changes that molecular 

diagnostic technology is having on the understanding of previously clinically defined 

disorder.  
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Historically the diagnosis of neurodevelopmental disorders was based on individuals 

meeting a set of clinical criteria such as the Diagnostic and Statistical Manual of Mental 

Disorders (DSM).31 This also holds true for epilepsies with groupings determined by 

committee consensus rather than biological reality.32 Recently underlying genetic 

etiologies have been identified that demonstrate the overlap between individual 

diagnoses and challenge whether they are actually independent disorders. Moreno-

De-Luca and colleagues suggest that “developmental brain dysfunction is the common 

denominator underlying all neurodevelopmental and neuropsychiatric disorders” and 

that this manifests in various clinical phenotypes of different severity.31 These 

concepts are highly supported by the variability seen within the CDKL5 disorder. If one 

was to try and define a set of clinical diagnostic criteria for these individuals, not all 

would fit into this framework and therefore the spectrum would be limited, creating a 

biased sample.33  

 

It is has been suggested that clinical presentation seen in neurodevelopmental 

disorders and epilepsies which have a genetic aetiology are just the endpoint of a 

complex trajectory across a common genetic landscape.32 Johnson and Shorvon 

suggested that genetic susceptibility to epilepsy should be studied from the broader 

perspective of epilepsy being a neurodevelopmental disorder and that there should be 

reappraisal of the epilepsy phenotype in genetic research to not be limited to seizure 

semiology, epilepsy syndrome or anatomical localization but rather a mechanistic view 

should be taken.32 Increased research into interactomes, the networks and 

interactions between different proteins, show how these common molecular pathways 

can result in a ‘guilty by association’ phenomenon, where the mutated gene may not 

directly cause the clinical phenotype rather it alters the activity of other proteins which 

subsequently cause the clinical phenotype.34 Particular CDKL5 mutations may change 

how CDKL5 interacts with other proteins such as MeCP2, DNMT1 and NGL-1 thus 

resulting in an array of clinical phenotypes.35-37 This may explain why there is such 

broad spectrum of phenotypes within the CDKL5 disorder, some of which do closely 

resemble other neurodevelopmental disorders such as RTT.  
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7.4. The importance of large databases to study rare diseases 

This thesis highlights the importance of using large databases to study rare diseases as 

small case series are unlikely to provide an overview of the entire spectrum of clinical 

presentations of genetically defined conditions. Across the world the importance of 

large registries and collaborative efforts are being recognized through the 

establishment of various rare disease networks.38,39 In Australia we are only just 

starting to develop our own rare disease plans. 40 

 

There are ten key principles which have been suggested necessary for Rare Disease 

Patient Registries (RDPR) by the European (EURORDIS), USA (NORD) and Canada 

(CORD) rare disease networks.41  These principles included: recognition of rare 

diseases as a global priority; that RDPR should encompass the widest geographic scope 

possible; RDPR should be centred on a disease or group of diseases rather than a 

therapeutic intervention; interoperability and harmonization between RDPR; a 

minimum set of Common Data Elements (CDE) should be used in all RDPR; RDPR 

should be linked with corresponding biobank data; RDPR should include data directly 

reported by patients along with data reported by healthcare professionals; public-

private partnerships should be encouraged to ensure sustainability of RDPR; equal 

involvement of patients and other stakeholders in the governance of RDPR; and RDPR 

should serve as key instruments for building and empowering patient communities. 

The International CDKL5 Disorder Database which was established during this thesis 

addresses the majority of these principles. As it continues to grow into the future, data 

should begin to be collected longitudinally and additional clinical data included. It will 

also be necessary to ensure that CDE are included. Neurodevelopmental disorders 

often have overlapping clinical phenotypes which may be due to the disruption of 

common molecular pathways. Therefore the ability to compare clinical features and 

treatments across conditions which are related will be beneficial for the future. 

 

7.5. Limitations 

The limitations of each specific study which make up this thesis have been discussed in 

detail in each relevant chapter and therefore will only be touched on briefly. The 

information presented in chapters four, five and six used data collected through the 
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International CDKL5 Disorder Database which was developed as part of this thesis 

(chapter three). This data is cross-sectional and therefore longitudinal data collection 

will be necessary to measure the progression of clinical symptoms in individuals with 

the CDKL5 disorder over time. Although we used, where possible, validated measures 

to obtain data within the questionnaire and piloted aspects with our CRG it was not 

possible to validate the entire questionnaire. It is also possible that caregivers may 

have interpreted questions differently, such as whether their child was able to stand 

independently. We also know that a shorter questionnaire, which did not include all 

suggestions made by the CRG, may have been beneficial and reduce the time needed 

for completion. The data collected may be subject to recall error, especially for those 

caregivers of older children. To limit recall error caregivers were asked to refer to their 

child’s medical records and diaries before completing the questionnaire. In chapter six 

we also limited recall of seizure onset information by restricting individuals to those 

aged six years and under. As the CDKL5 disorder is a genetically diagnosed condition 

there is also the likelihood of selection bias in the socioeconomic status of caregivers 

included in this study. In countries like the US without publicly funded healthcare 

systems children of families who cannot access genetic testing may remain 

undiagnosed and excluded from this database. This study only reaches caregivers of 

individuals who have access to the internet and who speak the languages in which the 

questionnaires are available (currently English and French) therefore selection bias 

exists in that regard also. The genetic heterogeneity which exists in the CDKL5 disorder 

has also limited the power to identify genotype phenotype relationships and therefore 

even greater numbers are still needed. 

 

7.6. Future recommendations 

It is vital that data collection through the International CDKL5 Disorder Database 

continues and for a follow-up questionnaire be designed to begin collecting 

longitudinal data. Increased data collection will provide greater power to continue to 

investigate the impact that specific CDKL5 mutations have on the clinical presentation 

of individuals. Longitudinal data collection will allow for better information on the 

natural history and progression of the clinical symptoms of the CDKL5 disorder.  
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There is a significant amount of data already collected through the International CDKL5 

disorder on other comorbidities that impact individuals with the CDKL5 disorder and 

therefore it is recommended that these data be analyzed to provide detailed 

information to medical professions to help guide and develop better clinical 

management plans. There also needs to be investigation into the relationship between 

seizure severity and frequency and functional abilities since epileptic encephalopathies 

are defined as being caused by the seizures, not the underlying etiology.42 This 

investigation will provide vital information regarding the impact that these severe 

refractory seizures have on child development and provide clinicians with evidence 

regarding whether uncontrolled seizures has a detrimental impact on the development 

of functional abilities. 

 

To further investigate the variability in functional abilities in individuals with the CDKL5 

disorder it is also recommended that detailed video data be collected. The study group 

at the Telethon Kids Institute has shown how videos can be a useful tool in analyzing 

the change in functional abilities over time in RTT and therefore a similar approach 

could be taken in the CDKL5 disorder.43 It would be of importance to both caregivers 

and their therapists if more information was available on the impact that early 

interventions have on the functional abilities of individuals with the CDKL5 disorder 

and therefore the International CDKL5 Disorder Database could be used to begin 

investigating this. 

 

It is also of great importance for international collaborations to continue and for the 

database to begin collecting clinical data at an international level. The International 

CDKL5 Disorder Database has the opportunity to be the basis for large clinical 

collaborations which are recommended to investigate the efficacy of AEDS and adjunct 

therapies such as the Ketogenic Diet and VNS.  
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7.7. Conclusion 

This thesis has provided novel information regarding the natural history of individuals 

with a CDKL5 mutation and shown that this condition should be considered an 

independent clinical entity known as the ‘CDKL5 disorder’. For caregivers of a child 

with severe disorder it is vital that accurate natural history information be collected so 

that they are provided with the best evidence based information upon diagnosis. The 

International CDKL5 Disorder Database was established as part of this thesis and will 

be a vital resource for future research and collaborations in the CDKL5 disorder.  
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Appendix A: Summary of case ascertainment methods and mutations detected in individuals with the CDKL5 

disorder published between 2003 and 2012. 

Author (year) Description of patient ascertainment CDKL5 mutation Function domain/consequences 

Kalscheuer (2003) 1 Case study on two females with balanced translocations disrupting 

the CDKL5 gene. 

t(X:7)(p22.3;p15) 

t(x:6)(p22.3;p14) 

Truncation within intron 10, missing NLS1 and C-terminal 

Truncation within exon 1, no CDKL5 

Tao (2004)2 Identified three females with CDKL5 mutations after screening 32 

females with Rett syndrome or Rett syndrome-variant who were 

negative for MECP2 mutations.  

c.455G>T, p.Cys152Phe 

c.525A>T, p.Arg175Ser (two individuals) 

Both missense mutations are located in the kinase domain 

Weaving (2004)3 Candidate gene screening in a family with three affected sibling (2F, 

1M). Then identified an additional affected female after screening the 

CDKL5 gene in 44 individuals with Rett syndrome but no MECP2 

mutation. 

c.183delT, p.Met63Cysfs*13 (three siblings)  

IVS13_1G>A 

Early truncation within kinase domain, no C-terminal 

Truncation in exon 16 in C-terminal, loss of NLS2 and NES 

Evans (2005) Identified three females with CDKL5 mutations after screening 94 

patients with Rett syndrome or Rett-like features. 

IVS7-2A>G, p.G155fs  

c.2376+1G>C, p.Lys760fs*769  

c.215T>A, p.I72N 

Skipping of exon 8,  truncation within kinase domain  

Skipping of exon 16, truncation in C-terminal prior to NLS2 

Missense mutation within kinase domain 

Scala (2005) Identified CDKL5 mutations in two girls with the early-onset seizure 

variant of Rett syndrome. Then screened 34 additional cases with 

Rett syndrome or PSV and found no additional mutations. 

c.163_166delGAAA, p.Glu55Argfs*20 

c.2635_2636delCT, p.Leu879Glufs*30 

Early truncation within kinase domain, no C-terminal 

Late truncation in exon 18 within C-terminal 

Mari (2005) Identified CDKL5 mutations in two girls with early seizures and Rett-

like features. 

c.838_847del, p.Thr281fs*284 

c.2343delG, p.Ser781fs*783 

Early truncation within kinase domain, no C-terminal 

Frameshift in C-terminal prior to NLS2, truncation prior to NES 

Buoni (2006) Reviewed the epilepsy and electro-clinical history of three girls with 

Myoclonic encephalopathy and CDKL5 mutations. 

Previously reported by Mari et al 7 and Scala et al 6  

Nectoux (2006) Case study of a young girl who presented with generalised 

convulsions at 10 days of age. 

c.2500C>T, p.Gln175*  Truncation within C-terminal, loss of NES 

Jansen  (2006) Case study on a boy with early-onset infantile spasms, severe 

encephalopathy, tetralogy of fallot and bilateral cataract. 

2.8Mb deletion of 16 genes including CDKL5 and NHS No CDKL5 
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Archer (2006)
4
 Identified seven females with CDKL5 mutations after screening two 

groups comprising of 73 and 26 patients with infantile spasms or 

early-onset epilepsy of unknown cause. 

c.del678_691ins683_673  

c.404-1G>T, p.Asp135_Phe154del 

IVS11-2A>G 

c.2376+1G>A, p.Ls760fs*769 

c.2362_2366delAAGAA  

c.175C>T,  p.Arg59* 

c.539C>T, p.Pro180Leu 

Indel within the kinase domain, outcome not specified 

Skipping exon 7 and loss of s/t kinase active site 

Skipping exon 12 

Skipping exon 16 causing truncation in C-terminal prior to NLS2 

Frameshift C-terminal 

Early truncation in kinase domain, no C-terminal 

Missense mutation in kinase domain 

Grosso (2007)5 Case report on a girl with sleep related hyperkinetic seizures. Described in Mari et al7 

Pintaudi (2008)6 Described the clinical and electroencephalographic findings of two 

females with CDKL5 mutations. 

c.145+2T>C, p.Glu34fs 

c.1648C>T, p.Arg550* 

Skipping exon 4 

Truncation within C-terminal, loss of NLS2 and NES 

Bahi-Buisson 

(2008)7 

Identified 20 females with CDKL5 mutations after screening 183 

female patients with encephalopathy and early-onset seizures. Three 

of these individuals had been previously reported.8 

 

c.352C>T, p.Gln118* 

c.425T>A, p.L142* 

c.2500C>T, p.Gln175* 

c.229delGAAG, p.Glu77Hisfs*111 

c.800_801delAT, p.Asn267Lysfs*271 

c.865insA, p.Glu289Glufs*325 

c.1311dupC, p.Ser438Glnfs*471 

c.1892_1893dupTA, p.Ile631Ilefs*632 

c.2045_2046delAGins18, p.Glu682GlyfsX693 

c.2016delC, p.Thr672Thrfs*783 

c.2323_2324delGA, p.Glu775Glufs*799 

c.2635_2636delCT, p.Lys879Glufs*908 (two individuals)  

c.64+2delT 

c.99+1G>T, p.Gly22*25 

 c.145+2T>C 

c.2152G>A, p.Val728Met 

Early truncation prior to S/T kinase domain in kinase domain 

Nonsense mutation within S/T kinase active site causing early 

Nonsense within C-terminal, loss of NES 

Frameshift within kinase domain, no C-terminal 

Frameshift within kinase domain, loss of NLS1 and C-terminal 

Frameshift within C-terminal, loss of NLS2 and NES 

Frameshift within C-terminal, loss of NLS2 and NES 

Frameshift within C-terminal, loss of NLS2 and NES 

Indel causing truncation within C-terminal, loss of NLS2and NES 

Frameshift within C-terminal, truncation in NLS2, loss of NES 

Late truncating mutation within C-terminal, loss of NES 

Late truncation in exon 18 within C-terminal  

Skipping exon 2 

Exon 3 skipping causing truncation within kinase domain 

Skipping exon 4 

Missense mutation with C-terminal 

Bahi-Buisson 

(2008)
9
  

Identified 12 females with CDKL5 mutations after screening 210 

females with suspected atypical Rett syndrome, epileptic 

Described in the previous article by Bahi-Buisson et al 

2008
7
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encephalopathy or x-linked infantile spasms. 

(Elia 2008)10 Identified three males with CDKL5 mutations after screening eight 

boys with severe and profound intellectual disability and early-onset 

intractable epilepsy of unknown cause. 

c.872G>A, p.Cys291Tyr 

c.863C>T, p.Thr288Ile 

c.533G>C, p.Arg178Pro 

Missense in kinase domain 

Missense in kinase domain 

Missense in kinase domain 

Nishimura (2008)11 Letter to the editor describing a female with West syndrome. T(X;18), disruption CDKL5 gene  at intron 17 CDKL5 abnormal fusion protein 

Rosas-Vergas 

(2008)8 

Identified three females with CDKL5 mutations after screening 151 

females with epileptic encephalopathy, x-linked infantile spasms and 

mental retardation or Rett-like phenotype. 

c.199C>T, p.Ala40Val (two individuals) 

c.659T>C, p.Leu220Pro 

Missense mutation within ATP binding domain in kinase domain 

Missense within kinase domain 

 

Fichou (2009)12 Letter to the editor describing a male patient with a CDKL5 mutation 

identified through the screening of 56 males. 

c.191T>C, p.Leu64Pro Missense mutation within kinase domain 

Russo (2009)13 Identified seven females with CDKL5 mutations after screening 138 

patients with precocious epilepsy (with or without Rett-like features), 

Angelman/Angelman-like syndrome or autism for mutations within 

the MECP2 and CDKL5 gene.  Three females previously described.6,14 

c.162_99del251, deletion exon 2-3 

p.Leu302fs*49 

c.380A>G, p.His127Arg 

c.2376+5G>A, p.(Lys760Tyrfs*10) 

No CDKL5 

Frameshift within kinase domain, no C-terminal 

Missense within kinase domain 

Skipping exon 16 causing truncation in C-terminal prior to NLS2 

Nesmos (2009)15 Identified 11 females with CDKL5 mutations after screening 177 

patients with early-onset seizures with or without Rett-like features. 

c.-253-?_-163+16728+?del 

c.162-2A>G 

c.100_2A>G 

c.119C>T, p.Ala40Val (two individuals) 

c.458A>G, p.Asp135_Phe154del 

c.463+1G>A, p.Asp135_Phe154del 

c.533G>C, p.Arg178Pro 

c.532C>T, p.Arg178Trp 

c.680T>G, p.Leu227Arg 

c.1311dupC, p.Ser438GlyInsfs*25 

Large rearrangement of exon 1-1b, no CDKL5  

Exon 2 skipping, impact kinase domain and ATP binding domain 

Exon 4 skipping, impact kinase domain 

Missense mutation within ATP binding domain in kinase domain 

Exon 7 skipping impact S/T kinase active site in kinase domain  

Exon 7 skipping impact S/T kinase active site in kinase domain  

Missense in kinase domain 

Missense in kinase domain 

Missense in kinase domain 

Frameshift causing truncation of C-terminal prior to NLS2 

Saletti  (2009) 14 Case report on a female with precocious puberty. c.215T>C, p.Ile72Thr Missense mutation within kinase domain 

Erez (2009)16 Report on the clinical and molecular characterization of three females 

with genomic CDKL5 deletions. 

X; 18,291,548-18,298,112, Deletion exon 1-3  

X; 18,358,386-18,362,026, Deletion exon 1a-4  

X; 18,367,759-18,367,774, Deletion exon 1a-3  

No CDKL5 protein 

Potential truncated protein 

Potential truncated protein 
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Sartori (2009)
17

 Case study on a boy with early-onset seizure variant of Rett 

syndrome. 

47 XXY, c.1675C>T, p.Arg599* Nonsense resulting in C-terminal truncation prior to NLS2 

Sprovieri (2009)18 Case report on a female with early-onset convulsions and Rett 

syndrome. 

c.1417A>C, p.Asn399Thr Missense within C-terminal 

Psoni (2010)19 Case report on a female with intellectual disability, Rett-like features 

and no prominent seizure disorder. 

c.2908C>T, p.Arg970* Late truncation, query pathogenicity 

Artuso (2010)20 Detailed clinical investigation of nine girls with CDKL5 mutations, four 

had been previously reported.5,21-23 

c.1039C>T, p.Gln347* 

c.395T>G, p.Val132Gly 

c.211A>G, p.Asn71Asp 

c.532C>T, p.Pro178Trp 

c.609C>G, p.Glu203Asp 

Truncation within C-terminal prior to NLS2 

Missense in S/T kinase active site within kinase domain 

Missense within kinase domain 

Missense within kinase domain 

Missense within kinase domain 

White (2010)24 Identified four females with CDKL5 mutations after screening 316 

patients who had Rett syndrome but were MECP2 negative, West 

syndrome, Autism, epileptic encephalopathy, non-syndromic X-linked 

mental retardation or other related disorders. 

c.58G>C, p.Gly20Arg 

c.586C>T, p.Ser196Leu 

c.2504delC, p.Pro835Hisfs*2 

Deletion exon 1-3 and 5’UTR 

Missense in ATP-binding domain in kinase domain 

Missense within kinase domain 

Late truncation within C-terminal, disrupts NES 

No CDKL5 

Cordva-Fletes 

(2010)25 

Case report on a girl with X-linked infantile spasm syndrome. t(x:2)(p22.1;p25.3), deletion exon 1-3 No CDKL5 

Castren (2010)26 Case study on two patients (1M, 1F) with early infantile epileptic 

encephalopathy and CDKL5 mutations. 

c.175C>T, p.Arg59* (female) 

0.3mb deletion, deletion of entire CDKL5 gene (male) 

Truncation prior to s/t kinase active site in kinase domain 

No CDKL5 

Bahi-Buisson 

(2010)27 

Case study on a girl with the early-onset seizure variant of Rett 

syndrome and a genomic rearrangement  

X;18,109,731-18,391,916~300kb deletion of BEND2, 

SCML2 and the promoter and exon 1 of CDKL5 

no CDKL5 

Masliah-Plachon  

(2010)28 

Research letter reporting a boy with severe encephalopathy and early 

onset seizures. 

c.99+5G>A, p.Ala23Asnfs*3 ~50% somatic mosaicism Exon 3 skipping resulting in early truncation, no c-terminal 

region 

Mei (2010)29 Identified eight female patients with CDKL5 mutations after screening 

49 females with a history of intractable epilepsy with onset in first six 

months that were with or without infantile spasms and had 

developmental impairment. 

c.2066delC, p.Pro689fs 

c.964dupA, p.Thr323fs 

c.199C>T, p.Ala40Val 

c.163_166delGAAA, p.Glu55Argfs*20 

X;18,372,524-18,828,772, deletion CDKL5 exon 2-21, 

Frameshift within C-terminal region prior to NLS2 

Frameshift within C-terminal region prior to NLS2 

Missense mutation within ATP binding domain in kinase domain 

Early truncation within kinase domain, no C-terminal 

No CDKL5 
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RS1, PPEF1 and last six exons of PHKA2 

Xp.22.3 ~ 960kb deletion, first exon SCML2, CDKL5, RS1, 

PPEF1, PHKA2 and GPR64. 

X;18-508-547-18,512,455, deletion exon 7-8 

Deletion exon 1-10 

 

No CDKL5 

 

Early truncation, no C-terminal 

No CDKL5 

Hadzsiev (2011)30 Identified two females with CDKL5 mutations after screening 152 

patients for MECP2, CDKL5 and FOXG1 mutations 

c.607G>T, p.Glu203* 

c.1708G>T, p.Glu570* 

Truncation within kinase domain prior to NLS1 

Truncation within C-terminal prior to NLS2 

Intusoma (2011)31 Identified one female with a CDKL5 mutation after screening 30 

children with cryptogenic infantile intractable epilepsy 

c.2854C>T, p.Arg952* Late truncation in C-terminal, query pathogenicity 

Melani (2011)32 Identified six patients (1M, 5F) with CDKL5 mutations after screening 

all individuals with clinical history of intractable epilepsy with onset 

<6 months, with or without infantile spasms and developmental 

impairment. Four of these patients have been previously reported.29 

c.473G>T, p.Ala158Pro (male) 

c.404-1G>A, p.Asp135_Phe154del 

Missense within kinase domain 

Skipping exon 7 and loss of s/t kinase active site 

 

Sartori (2011)33 Identified six patients (5F, 1M) with CDKL5 mutations after screening 

80 children recruited between 2007 and 2009 who had epileptic 

encephalopathy and onset of seizures <one year for CDKL5 and ARX 

mutations. One male patient has been previously reported 23 

c. 609G>C, p. Gly203Asp 

c. 211A>G, p.Asn71Asp 

c. 509_510delAG, p. Glu170fs 

c. 513C>G, Tyr171* 

c. 583T>C, p.Trp195Arg 

Missense within Kinase domain 

Missense within Kinase domain 

Frameshift within TEY motif of kinase domain, loss C-terminal 

Truncation within TEY motif of kinase domain 

Missense within kinase domain 

Klein (2011)34 Reviewed the clinical details and video-EEG of all girls (five) with 

CDKL5 mutations seen in the epilepsy genetics research studies. 

Three girls have been previously reported24 

380A>C, p.His127Arg 

175C>T, p.Arg59* 

Missense within kinase domain 

Truncation prior to S/T kinase active site in kinase domain, loss 

C-terminal 

Liang (2011)35 Identified 12 patients (3M, 9F) with CDKL5 mutations after screening 

125 patients with epileptic encephalopathy for genomic copy number 

variants and then the remaining 119 patients for CDKL5 mutations 

Deletion exon 1 (male) 

Deletion of entire CDKL5, RS1, PPEF1 and PHKA2 genes 

Deletion of exon 5-21 of CDKL5 and entire RS1, PPEF1 

and PHKA2 genes 

Deletion of exon 16 – 21 of CDKL5 and entire RS1 gene 

c.39delT, p.Phe13fs*19  

c.533G>A, p.Arg178Gln (male) 

No CDKL5 

No CDKL5 

Truncation prior to S/T kinase active site in kinase domain 

 

Late truncation of C-terminal 

Early truncation within ATP binding domain in kinase domain 

Missense in kinase domain 
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c.904C>T, p.Leu302Phe 

c.1039C>T, p.Gln347* 

c.1079delT, p.Leu360fs (male) 

c.1238C>G, p.Ser413* 

c.1675C>T, p.Arg559* 

c.2014insC, p.Ser673fs 

Missense in C-terminal 

Truncation early in C-terminal, prior to NLS2 

Frameshift within C-terminal prior to NLS2 

Truncation in C-terminal, prior to NLS2 

Nonsense resulting in C-terminal truncation prior to NLS2 

Frameshift within C-terminal prior to NLS2 

Bartnik (2011)36 Brief report on three patients with mosaic exonic deletions of the 

CDKL5 gene  

X; 18,334,623-18,449,201, deletion exon 1-3, 24% 

Mosaic  (male) 

Deletion exon 4, 35% Mosaic 

X;18,365,835-18,545,735, deletion exon 1-15, 28-30% 

Mosaic 

No CDKL5 

 

Deletion within kinase domain 

Truncated protein on last portion of C-terminal (includes NES) 

Rademacher 

(2011)37 

Letter to the editor reporting the identification of a new CDKL5 exon, 

and the identification of five females with CDKL5 mutations after 

screening 345 females with a clinical diagnosis of Rett syndrome or 

severe infantile seizures or atypical Rett syndrome 

c.884delC, p.Pro295Leufs*54 

c.1083insC, p.Ala362Cysfs*2 

c.2529delA, p.Leu843Phefs*19 

c.400C>T, p.Arg134* 

c.1648C>T, p.Arg550* 

Frameshift within kinase domain, loss C-terminal 

Frameshift within C-terminal prior to NLS2 

Frameshift within NES in C-terminal 

Truncation within S/T kinase active site in kinase domain 

Truncation within C-terminal, loss of NLS2 and NES 

Saitsu (2012)38 Case report female with early-onset epileptic encephalopathy, 

hypotonia, developmental regression and Rett-like features 

X; 18,493,457-18,631,052 (deletion exon 5-21 of CDKL5, 

entire RS1 and PPEF1 genes) 

Truncation prior to S/T kinase active site in kinase domain 

Stalpers (2012)39 Report on five females with CDKL5 mutations c.275insAA, p.Gly93fs 

c.99+5G>A, p.Ala23Asnfs*3 

c.2105del2, p.His702fs 

c.283-3_290del, p.Asn95Ilefs*2 

c.1784dup, p.Leu596fs 

Frameshift within kinase domain, early truncation likely 

Likely to cause exon 3 skipping  

Frameshift within C-terminal prior to NLS1 

Skipping exon 6 and early truncation no C-terminal 

Frameshift within C-terminal prior to NLS1 

Martinez (2012)40 Identified eight females with CDKL5 mutations after screening 53 

patients with a clinical diagnosis of either early epileptic 

encephalopathy or classical/atypical Rett syndrome 

c.527G>T, p. Trp176Cys (54:46 IXC) 

c.1266C>A, p. Asp422Glu (68:32 IXC) 

c.1341delC, p. Phe447Leuf* (61:39 IXC) 

c.1415insA, p. Ile463Asnfs*5 

c.1549delT, p. Phe516Phefs*5 (74:26 IXC) 

Missense within kinase domain 

Missense within C-terminal 

Frameshift within C-terminal, loss of NLS2 and NES 

Frameshift within C-terminal, loss of NLS2 and NES 

Frameshift within C-terminal, loss of NLS2 and NES 
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c.2704C>T, p. Gln902* (70:30 IXC) 

c.2927C>T, p. Pro976Leu (54:46 IXC) 

Deletion exon 1-2 (74:26 IXC) 

Late truncation within C-terminal, query pathogenicity 

Missense within C-terminal, query pathogenicity 

No CDKL5 

Maotrua (2012)41 Identified two females with CDKL5 mutations after screening 60 

female patients with epilepsy and Rett syndrome or Rett-like features 

who were negative for MECP2 mutations 

c.509_510insGT, p.Glu170Glyfs*36 

c.745-?_825+?del, loss exon 10 

Early truncation within kinase domain, prior to TEY motif 

Deletion of portion of kinase domain 

Olson and Poduri 

(2012)42 

 

 

Case report on a girl with a CDKL5 mutation c.637G>C, p.Gly213Arg Missense within kinase domain 

Moseley (2012)43 Retrospective chart review for children with epilepsy and CDKL5 

mutations seen between 2007 and 2010 identified six children 

c.65dupG 

c.2593C>T, p.Gln865* 

c.587C>T, p.Ser196Leu 

c.855A>C, p.Arg285Ser 

Deletion exon 10-15 

c.812T>C, p.Leu271Pro 

 

Early truncation kinase domain, within ATP binding domain 

Late truncation within C-terminal, query pathogenicity 

Missense within kinase domain 

Missense within kinase domain 

Deletion of large portion of C-terminal, unstable protein 

Missense within kinase domain 

Bahi-Buisson 

(2012)44 

Identified 12 females with CDKL5 mutations after screening 358 

female patients with encephalopathy and early seizures. Four 

patients have been previously reported7,9,29,32 

c.199C>T, p.Ala40Val (two individuals) 

c.533G>A, p.Arg178Gln 

c.532C>T, p.Arg178Trp 

c.175C>T, p.Arg59* 

c.400C>T, p.Arg134* 

c.1648C>T, p.Arg550*  

c.2635_2636delCT, p.Lys879Glufs*908 

Missense within kinase domain 

Missense within kinase domain 

Missense within kinase domain 

Truncation prior to s/t kinase active site in kinase domain 

Truncation within S.T kinase active site in kinase domain 

Truncation within C-terminal, loss of NLS2 and NES 

Late truncation in exon 18 within C-terminal 

Zhang  (2012)45 Identified three females with CDKL5 mutations after screening 50 

patients with Rett syndrome and who were MECP2 negative 

c. 404+1G>A, p.Asp135_Phe154del 

ISV13+1A>G 

Skipping exon 7 and loss of s/t kinase active site 

Truncation in exon 16 in C-terminal, loss of NLS2 and NES 
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c.1375C>T, p.Gln495* Truncation with C-terminal, loss of NLS2 and NES 

Paine (2012)46 Case study reporting the neuropathological consequences of a CDKL5 

mutation in a child with infantile spasms and Rett-like features who 

died at five years of age 

c.2277-2A>G Skipping exon 16 

Pini (2013)47 Clinical and autonomic description presented of 10 patients with 

early-onset seizure variant of Rett syndrome and CDKL5 mutations. 

Four patients are thought to have been previously described20,29 

p.Arg55fs*74 

p.Glu364* 

p.Asp618fs*620 

p.Asn314fs*349 

c.525A>T, p.Arg175Ser  

c.215T>A, p.Ile72Asn 

Frameshift within kinase domain causing early truncation 

Truncation within C-terminal, loss of NLS2 and NES 

Frameshift within C-terminal, loss of NLS2 and NES 

Frameshift within NLS1 and truncation of C-terminal 

Missense within kinase domain 

Missense within kinase domain 

Jahn  

(2013)48 

Brief communication on the evolution of the epilepsy syndrome and 

EEG features in four patients with CDKL5-related epileptic 

encephalopathy. One patient previously described37 

Xp.22.13 X; 18,026,828-19,1220,244, ~1.09Mb deletion  

CDKL5, RS1 and PHAK2 genes & 2x Xp.22.13 X; 

19,160,985-19,378,627, ~0.22 Mb duplication PDHA1 

gene & 2x Xp.22.12 X; 19,403,460-19,596,521, ~0.19Mb 

duplication PDHA1 gene 

c.207_213del7, p.Leu70Glufs*73 

Deletion exon 2 

No CDKL5 

 

 

 

Frameshift within kinase domain, causing early truncation 

No information, could lead to no CDKL5 

Hagebeuk (2013)49 Investigated four female patients with CDKL5 mutations for sleep and 

breathing disturbances. One patient previously described39 

c.656A>C, p.Gln219Pro 

c.660_664dup 

c.2635_2636delCT, p.Lys879Glufs*908 

Missense within kinase domain 

 

Late truncation in exon 18 within C-terminal 
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Appendix B: Summary of clinical features of individuals with CDKL5 mutations published between 2003 and 

2012. 

Author and 

Year 

Features 

N/ Sex Seizure onset RE Early Dev Gross 

motor 

Hand 

skills 

Tone Speech Hand 

Stereo 

BEH Poor 

EC 

Rett-like REG DSY Current 

Epilepsy 

Other 

Age Type EEG               

Kalscheuer 

20031 

2F 2-3m IS HR + N ≤ seizures - - ↓ - N/A N/A + N/A - +1/2 T, TC N/A 

Tao 20044 

 

 

 

 

3F 5-10w BNS, IS N 1 

N/A 2 

+1/3 A SW 

IW 

- 

+ 1 

N/A(2) 

↓ 1 

↑ 2 

- + MS 2 

NSI 2 

C 1 

Lg 1 

N/A 1 

+ 2 

N/A 1 

BA 2 

SC 2 

- N/A - 2 

N/A 1 

N/A 

Weaving 20042 3F/1M 6-9w 

- (1) 

IS N/A N/A N ≤ seizures 

3 

A 1 

IW 2 

S 1 

- 1  

+(3) 

N/A(1) 

Sp 1 

Dys 1 

- 1 

N/A 1 

B-ST 3 

N/A 1 

+2/3 

N/A 1 

AUT 1 

N/A 3 

 + 1 

N/A 3 

GI 2 

SC 3 

BA 3/4 

SP 1 

3/4 N/A TC,My,AB    

LG 

- 1 

1 N/A 

CB 

Evans 20055 

 

 

 

3F 3-5w TC T AB 

T L 

-IS 

 

HR1 

N1 

N/A1 

N/A N ≤ seizures 

2 

A 

SW 1/3 - 

N/A 2 

↓ 1 

N/A 2 

V-B 2 

N/A 1 

+ WR 

MT 

SC 1 

SN 1 

N/A 2 

+ 2 

N/A 1 

BA 1 

SC  2 

GI 1 

VM 2 

N/A 2/3 TC,AB,My 

T,C,M 

N/A 1  

N/A 

Scala 20056 

updated Buoni 

20068 & Artuso 

2010 26 

2F 5d 

1.5m 

TC My IS -HR 

N/A 

+ 

 

A SW 

- 

+ ↓ 

N/A 

+ SWr + 

WR,MT 

N/A N/A BA 1 

BR 1 

-GI SC VM 

- N/A My, TC 

N/A 

N/A 
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Author and 

Year 

Features 

N / Sex Seizure onset RE Early Dev Gross 

motor 

Hand 

skills 

Tone Speech Hand 

Stereo 

BEH Eye 

contact 

Rett-like REG DSY Current 

Epilepsy 

Other 

Age Type EEG               

Mari 2005 7 

updated Buoni 

2006 8, Grosso 

2007 12 & 

Artuso 2010 26 

2F 2d-6m Sps 

IS 

N 

- HR 

A  

- 

+ 

A 2/3 

N ≤ 

seizures 1 

 

SIT 2/2 

IW 1/2 

+ 1/2 

N/A 1 

N/A SWr 1/2 

 

+ MT 

CP 

AUT 1 

N/A 2 

+ 1 

N/A 2 

BR 2 

SP 2 

GI 2 

VM 1/2 

- N/A Sps 

F 

TC 

N/A 

Buoni 20068 3F See Mari 2005 7 and Scala 20056 

Nectoux 20069 1F 10d TC N/A - A SIT N/A ↓  

AM 

- + Lg HE N/A N/A N/A N/A - N/A 

Jansen  200610 1M 7w My N + A N/A N/A ↓ N/A N/A N/A N/A  N/A + T My ToF 

* 

Archer 200611 7F 3d-2m 

1N/A 

V A 6 

 N/A 1 

N/A A IW 1/7 

SIT 3/6 

C 2/6 

+ 1/6 

N/A 1 

↓ 6 

N/A 1 

P 1/6  

N/A 1 

+ 6 

N/A 1 

ML 4 

AUT 1 

TS 5 

N/A SP 3/6 

BR 5/6 

GI 1/5 

SC 1/6 

VM 2/6 

+ 1/6 

N/A 

1 

+ 5 

N/A 2 

T, My, 

CP,A, A 

N/A 

Grosso 200712 1F See Mari 2005 7 

Pintaudi 200813 

updated Russo 

2009 19 

2F 1.5-

2.5m 

EM TC 

T 

N + 

- 

A SIT 1/2 

- 

1/2 ↓ - CL - + BR 1/2 

SC 

-SP 

- N/A ISMy TC 

- 

N/A 

Nishimura 

200816 

1M 4m IS H N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

 

 



Appendix B   

182 | P a g e  

 

Author and 

Year 

Features 

N / Sex Seizure onset RE Early Dev Gross 

motor 

Hand 

skills 

Tone Speech Hand 

Stereo 

BEH Eye 

contact 

Rett-like REG DSY Current 

Epilepsy 

Other 

Age Type EEG 

Bahi-Buisson 

20083 updated 

Bahi-Buisson 

201247 

20F 1-12w T 

TC 

N 15 

D 5 

+ 9/15 A IW 1/20 

SW 6/20 

SIT 13/20 

5/20 ↓ B-Swr 

5/20  

MT CL 

WR 

17/20 

 

17/20 

AUT 

N/A BR 8/20 

BA 3/20 

VM 3/20 

SP 11/20 

3/20 N/A IS, 

T,My,AB 

-5/20 

N/A 

Bahi-Buisson 

200814 

12F Same as above in Bahi-Buisson3 

Elia 200815 3M 2-8m CP 

TC, 

EM, T 

A 2/3 + 2/3 A 

N 

N/A 

N/A N/A ↓2/3 

PS(1) 

EC 1 + 2 

N/A 1 

N/A + 2 

N/A 1 

N/A +1 

2N/A 

+ IS CP T 

My 

N/A 

Rosas-Vergas 

200817 

3F 1-6w T N + 2/3 A SW 2/3 - 2 

N/A 1 

↓ Vc-B  2 

N/A 1 

MT,CL,

WR 

AUT 

2/3 

SI 1/3 

+ 2/3 BR 1/3 

SC 2/3 

-BA,VM,GI 

- N/A T, AB, My 

- 1/3 

N/A 

Fichou 200918 1F 2m Sps,T A + N ≤ 

seizures 

SIT - ↓ N/A N/A N/A + N/A - - T N/A 

Russo 200919 3F 2w-3m F TC 

My 

N 3/4 A 3/4 

N ≤ 

seizures 

SIT 1/4 

IW 1/7 

- ↓ B-Swr 

2/4 

 

CL MT 

FL – 

1/4 

 

ANS 1 + SP 2/4 

SC 1/4 

VM 2/4 

2/4 + 1 - 1/4 

TC,CP, 

Sps,My,T 

CVI 

Nesmos 200920 11F 1-10w N/A N/A + 2/9 

N/A 2 

A 8/11 - 6/11 - 5/11 ↓ 8/11 + 6/11 + 

10/11 

N/A N/A N/A + 

3/11 

- N/A N/A 

Saletti  200921 

updated Russo 

200919 

1F 2m Sps T N + A SIT - ↓ - + MT + L - BR, SP 

AP 

GI 

- N/A T,M PP 
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Author and 

Year 

Features 

N / Sex Seizure onset RE Early Dev Gross 

motor 

Hand 

skills 

Tone Speech Hand 

Stereo 

BEH Eye 

contact 

Rett-like REG DSY Current 

Epilepsy 

Other 

Age Type EEG 

Erez 200922 3F 2-5w TC,IS 

CP, My 

T 

N1 

2N/A 

+ A2 

1N/A 

SIT 3/3 

IW 1/2 

N/A +3/3 +2/3 + 1 N/A N/A N/A + 1/3 + 2 

1 N/A 

N/A EX 

Sartori 200923 

and Sartori 

2011 36 

1M 2w EM, 

Sps, T 

A + A SIT - ↓ - WR,W N/A + AP N/A + Sps, T, 

My 

N/A 

Sprovieri 200924 1F 10m IS A - A - - ↓ 

Dy 

B W MT HE 

SC 

+ N/A N/A N/A EM, ST GS 

Psoni 201025 1F 17m T A - A - + ↓ V + AUT 

I 

+ BR 

AP 

N/A N/A N/A N/A 

Artuso 201026 

updated Pini 

201244 

5F 40d-

3m 

IS, TC, 

T, C, 

My, AB 

A + A SIT 4/5 

SW 1/4 

3/5 ↑ 1 

↓ 2 

-1 

N/A 1 

B (1/4) 

 

MT, CL, 

W, WR 

SI 2 + SP 

GI 2/5 

SC 1/5 

BA 2 

- + 1 

N/A 4 

My, IS, 

TC 

STB 

White 201027 

updated Klein 

201139 

4F 8w-5m IS 

T, C 

A(1) 

N/A(3) 

N/A N 3/4 SIT 

SW 

 

+(1) 

N/A(3) 

↓3/4 V -SWr MT, 

W,WR,

CL 

N/A + 2 

N/A 2 

GI 2 3/4 + IS, 

HM,T,S 

N/A(2) 

CVI PP 

HT STB 

Mei 201028 

updated Melani 

201135, Bahi-

Buisson 2012 & 

Pini 201244# 

8F 10d-

4m 

TC, C, 

Sps, 

F,C 

A + A 4/8 

N≤seizures 

4/8 

IW 1 N/A ↓ 5 

N/A 3 

- 7 

N/A 1 

 W  5/7 

MT 1 

CL 1 

N/A 1 

PSC 5 

R 2 

I 1 

MS 1 

+ SP 2 

BA 2 

+ 2 

N/A 

6 

+ 3 

N/A 5 

TC, T, 

sps, My,F 

-1 

STB 

2 NST 

 

 



Appendix B   

184 | P a g e  

 

Author and 

Year 

Features 

N / Sex Seizure onset RE Early Dev Gross 

motor 

Hand 

skills 

Tone Speech Hand 

Stereo 

BEH Eye 

contact 

Rett-like REG DSY Current 

Epilepsy 

Other 

Age Type EEG 

Cordva-Fletes 

201029 

1F 1m M N/A N/A A N/A N/A ↓ N/A N/A N/A + N/A N/A + N/A N/A 

Castren 201030 1F/1M 0-5w T, S,M A 1/2 A SIT 0/2 

Roll 1/2 

N/A + - WR,M N/A + N/A N/A + IS, T, My N/A 

Bahi-Buisson 

201031 

1F 1w T N + A N/A - ↓ - + N/A + N/A N/A N/A IS, My, T N/A 

Masliah-

Plachon  201032 

1M 2m IS A + A SIT - ↓ - N/A N/A + N/A N/A N/A T, F, IS N/A 

Hadzsiev 201133 2F 3-5w IS 

N/A 

N/A + N≤ seizures 

N/S 

SIT 

N/A 

N/A + 

N/A 

- 

N/A 

+ 

N/A 

N/A + N/A N/A + T,F,IS 

N/A 

N/A 

Intusoma 

201134 

1F 11m T N/A  A IW N/A N/A SWr N/A N/A N/A N/A N/A N/A CP N/A 

Melani 201135 1M/1F 1w-2m Sps A + N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A Sps N/A 

Sartori 2011
36

 5F 1-16w Sps,F,T

C, My 

A3/5 + A SIT 4/5 +2/3 

2N/A 

↓3 

Sp1,  

↓ 

Dys1,

↓ 

+ B 2/5 

 

+3/4 N/A + 3/4 - + N/A My, T, 

TC, F,C 

N/A 

Stalpers 201137 

updated 

Hagebeuk 

201251 

5F 3-8w My, IS, 

T, TC,A 

A + A SIT 1 

N/A 4 

N/A ↓ - + 1 

N/A 4 

N/A + GI 3/5 

SP 1/5 

- - My, TC 

N/A(3) 

CVI 

 

 



Appendix B   

185 | P a g e  

 

Author and 

Year 

Features 

N / Sex Seizure onset RE Early Dev Gross 

motor 

Hand 

skills 

Tone Speech Hand 

Stereo 

BEH Eye 

contact 

Rett-like REG DSY Current 

Epilepsy 

Other 

Age Type EEG 

Saitsu 201138 1F 6m T N/A + N SW - ↓ N/A - N/A + SP, BR - N/A My N/A 

Klein 201139 2F 2w-6m T 

NA 

N/A N/A N 

NA 

N/A N/A ↓ 

NA 

N/A - 

NA 

N/A N/A N/A +1 

NA 

N/A HM,T,S 

 

N/A 

Liang 201140 3M/9F 4d-

1.5m 

N/A N/A +11/12 A SIT 2/12 N/A ↓ 9/12 - + 5/7 AUT 

5/6 

N/A N/A N/A N/A IS,S,F,TC N/A 

Bartnik 201141 

 

1M/2F 0-7w F, TC N/A + A SIT 1/3 

IW 1/3 

Run 1/3 

+ 2 

1 N/A 

↓ 

 

+2/3 

V-B 

+1 

2N/A 

AUT 

1/3 

N/A 

+ 1/2 

N/A 1 

BA 1/3 

 

+ 1 

2N/A 

+1/2 

1 N/A 

N/A N/A 

Rademacher 

201142 updated 

Jahn 2012 45 

5F 5w–7m IS, F, 

My, T 

NA 2/5 

N 

N/A 4 

+4 

N/A 

N/A IW 1 

SW 2 

N/A 2 

N/A ↓2 

Sp1 

N/A 3 

- + 4 

1 N/A 

AUT 2 

3 N/A 

N/A BA, SP 

 SC 2 

N/A + 1/5 T 

N/A 4 

STB 

Martinez 201257 8F 47d-2y 

1- 

S,TC,T,

M 

A6/7 

1N/A 

+7/7 A IW 3/8 +5/8 ↓ 7 +3/8 

P 

+8/8 

W,CL 

N/A N/A SP 8/8 

BA  2/8 

GI 2/2 

SC 2/8 

+4/8 N/A M, TC,T 

-3 

2N/A 

N/A 

Moseley 201246 2M/4F 1-3m S, F N/A + A N/A N/A ↓ 4/6 N/A - N/A N/A BA 5/6 

GI 4/6 

+3/6 N/A My, T,TC CVI 

Maotrua 201243 2F 4w N/A N/A + N/A N/A N/A ↓ N/A N/A N/A N/A N/A N/A N/A N/A N/A 

Bahi-Buisson 

201247 

8F 4-24w T,IS N/A +6/8 N.A IW/SW 

2/8 

+2/8 N/A --4 +8/12 N/A N/A BR 5/8 

SP 6/8 

+3/8 N/A -1 

N/A 

N/A 

Olson & Poduri 

201248 

1F 11w C A N.A A SIT + ↓ +B +W N/A + N/A N/A N/A T N/A 

Paine 2012 50 1F 11w F N N/A A SIT N/A ↓ N/A N/A N/A + GI + N/A N/A CVI 
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Author and 

Year 

Features 

N / Sex Seizure onset RE Early Dev Gross 

motor 

Hand 

skills 

Tone Speech Hand 

Stereo 

BEH Eye 

contact 

Rett-like REG DSY Current 

Epilepsy 

Other 

Age Type EEG 

Zhang  201249 3F N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

Pini 201344 6F 1-6m Sps, C, 

F, My 

N/A +3/6 A IW5/6 N/A ↓ 3/6 - + W, 

MT, C, 

FL 

MS 3/6 

I 2/6 

N/A SP 6/6 

BA 6/6 

N/A N/A Sps, TC, 

F, AT 

-1 

SQ 2, 

CVI, 

NYS 

Jahn 201345 3F 6-10w F,TC N +2/3 N/A - N/A ↓ - + N/A N/A N/A N/A N/A T, TC, Ab, RT 

Hagebeuk 

201351 

3F N/A N/A N/A N/A A IW 1/3 +1/3 ↓3 + 1/3 

SWr 

+2/3 N/A N/A GI 2/3 

SP 3/3 

BA 2/3 

N/A N/A T 

N/A 2/3 

CVI 

F: Female, M: Male, +: Present, - Absent, N/A: Not Available, N: Number, RE: Refractory Epilepsy, Early Dev: Early Development, Stereo: Stereotypies, BEH: Behaviour, DSY: Dysmorphic features, REG: Regression, Rett-like: 

Rett syndrome features, d: day, w: week, m: month, y: year,  

IS: Infantile spasms, T: Tonic, TC: Tonic-clonic, My: Myoclonic, AB: Absence, LG: Lennox-Gestalt, C: Clonic, Sps: Spasms, F: Focal, VS: Variable seizures, CPF: Complex partial, A: Atonic, EM: Eyelid Myoclonia, ST: Startles 

HR: Hypsarrhythmia, N: Normal, A: Abnormal, N≤seizures: Normal prior to seizure onset,  

↓: Hypotonia, ↑: Hypertonia, Sp: Spasticity, Dys: Dystonia, AM: Amyotrophy, PS: Pyramidal sign 

SW: Supported walking, IW: Independent walking, S: Standing, SIT: Sitting, Cw: Crawling 

MS: Mood swings, NSI: No social Interaction, AUT: Autistic like, SC: Screaming, SN: Sensitive to noises, Lg: Laughing, HE: Hyperexcitability/hyperactive, ML: Mood labile, TS: Tactile sensitivity, SI: Inappropriate smile, HM: 

Hypermotor, PSC: Perseverative self-centred, I: Irritable, R: Repetitive 

SC: Spinal curvature, GI: Gastrointestinal, BA: Breathing abnormalities, SP: Sleeping problems, VM: Vasomotor problems, BR: Bruxism, AP: Abnormal pain sensation, 

B: Babble, ST: Sentences, L:?, V: Vocalisations, Swr: Single words, P: Phrases, 

WR: Wringing, MT: Mouthing, CP: Clapping, FL: Flapping, W: Washing, 

ToF: Tetralogy of Fallot, STB: Strabismus, SQ: Squint, NY: Nystagmus, HYP: Hyperopia, CVI: Cortical vision impairment,  PP: Precocious puberty, EX: Exotropia, GS: Glomerular sclerosis, R? HT: Hyperthyroidism, Cat: Cataract, 

RT: Retinoschisis. CB: Cortical blindness, * Bilateral microphthalmia with microcornea and congenital nucleocortical cataract. 

# 4 patients reported by Pini 2012 44 are thought to be previously reported however the authors were unable to confirm when contacted 
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Appendix C: The Distribution of CDKL5 mutations within this thesis 

Mutation Group Nucleotide change (cDNA) Protein change Exon/ 

Intron 

Individuals 

(gender) 

Chapter Previously reported 

individual 

No functional protein c.-253-?_-163+?del p.(0) 1 2 (F) 2(1F),4,5,6 No 

No functional protein c.-253-?_-163+?del p.(0?) 1 1 (F) 2,4.5,6 No 

No functional protein c.-253-?_99+?del p.(0) 1-3 3 (F) 2(2Fb).4,5,6 No 

No functional protein c.64+2T>C p.(0) 2 1 (F) 4,5,6 No 

No functional protein c.64+1G>A p.(0) 2 1 (F) 2,4,5 No 

No functional protein c.-162-?_99+?del p.(0) 2-3 1 (F) 2,4,5,6 No 

No functional protein c.-162-?_99+? p.(0) 2-3 1 (F) 4,5,6 No 

No functional protein c.-253-?_*1085del p.(0) 1-21+ 1 (F) 4,5,6 No 

No functional protein c.-253-?_*1085del p.(0) 1-21 3(F) 4,5,6 No 

No functional protein c.-253-?_*1085del p.(0) 1-21+ 1 (F) 4,5,6 No 

No functional protein c.-253-?_*1085del p.(0) 1-21+ 1 (F) 2,4,5,6 No 

No functional protein c.-253-?_*1085del p.(0) 1-21+ 1 (F) 4,5,6 No 

No functional protein c.65-?_99+?del p.(Ala23Asnfs*3) 3 2 (1F,1M) 2(M),4,5,6 No 

No functional protein c.99+5G>A p.Ala23Asnfs*3 3 1 (F) 2,4,5,6 Yes1 

No functional protein c.100-?_*1085del p.(?) 4-21+ 1 (F) 4,5,6 No 

No functional protein c.146-1G>A p.(Asn50Tyrfs*15) 5 1 (M) 4,5,6 No 

No functional protein c.146-6T>G p.(Glu49Valfs*2) 5 1 (F) 4,5,6 No 

No functional protein c.146-?_282+?del p.(Asn50Tyrfs*15) 5 1 (F) 2,4,5,6 No 

No functional protein c.163_166delGAAA p.Glu55Argfs*20 5 1 (F) 4,5,6 No 

No functional protein c.175C>T p.Arg59* 5 5 (4F,1M) 2 (2F,1M),4,5,6 Yes33,34 

No functional protein c.183delT p.Met63Cysfs*13 5 2 (F Twins) 2,4,5,6 Yes2 

No functional protein c.199_205del7 p.Leu67Argfs*15 5 1 (F) 2 No 
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No functional protein c.220G>T p.Glu74* 5 1 (F) 4,5,6 No 

No functional protein c.282+3_282+6delAAGT p.(Asn50Tyrfs*15) 5 2 (F) 2,4,5,6 No 

No functional protein c.283-3_290del p.(Asn95Ilefs*2) 5 2 (F, Sisters) 2 (1F),4,5,6 Yes32 

No functional protein c.339ins1 p.? 6 1 (F) 4,5 No 

No functional protein c.351T>A p.Tyr117* 6 1 (M) 4 No 

No functional protein c.393delT p.Ile131Lysfs*18 6 1 (F) 2 No 

No functional protein c.400C>T p.Arg134* 6 2 (1F, 1M) 2(F),4,5,6 Yes35 

No functional protein c.456_457delTG p.Cys152* 7 1 (F) 4,5,6 No 

No functional protein c.464-2A>G p.Gly155Alafs*43 7 1 (M) 4,5,6 No 

No functional protein c.506_507delAC p.Thr168Argfs*36 8 1 (F) 4,5,6 No 

No functional protein c.509_510delAG p.Glu170Valfs*118 8 1 (F) 2 Yes 

No functional protein c.512C>G p.Tyr171* 8 1 (F) 2 No 

Missense/in-frame mutation within catalytic domain c.38T>C p.Phe13Ser 2 1 (F) 2,4,5 No 

Missense/in-frame mutation within catalytic domain c.58G>C p.Gly20Arg 2 1 (F) 2,4,5,6 Yes36 

Missense/in-frame mutation within catalytic domain c.100-9_100-3delCCCTTGCinsGCAGA p.(Lys33dup) 4 1 (F) 4,5,6 No 

Missense/in-frame mutation within catalytic domain c.119C>T p.Ala40Val 4 1 (F) 2,4,5 No 

Missense/in-frame mutation within catalytic domain c.133A>C p.Lys45Gln 4 1 (F) 2 No 

Missense/in-frame mutation within catalytic domain c.191T>C p.Leu64Pro 5 1 (M) 2,4,5 Yes40 

Missense/in-frame mutation within catalytic domain c.211A>G p.Asn71Asp 5 2 (F) 2 No 

Missense/in-frame mutation within catalytic domain c.214_216del p. Ile72del 5 1 (F) 4,5,6 No 

Missense/in-frame mutation within catalytic domain c.215T>A p.Ile72Asn 5 1 (F) 2 No 

Missense/in-frame mutation within catalytic domain c.215T>C p.Ile72Thr 5 1 (F) 4,5,6 No 

Missense/in-frame mutation within catalytic domain c.248G>T p.Gly83Val 5 1 (F) 2 No 

Missense/in-frame mutation within catalytic domain c.364G>A p.Ala122Thr 6 1 (F) 2,4,5 No 

Missense/in-frame mutation within catalytic domain c.377G>A p.Cys126Tyr 6 1 (F) 2,4,5,6 No 

Missense/in-frame mutation within catalytic domain c.395T>G p.Val132Gly 6 1 (F) 4,5,6 No 
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Missense/in-frame mutation within catalytic domain c.404A>G p.(Asp135_Phe154del) 7 1 (M) 4,5,6 No 

Missense/in-frame mutation within catalytic domain c.404-1G>A p.(Asp135_Phe154del) 7 1 (M) 2 No 

Missense/in-frame mutation within catalytic domain c.404-1G>T p.(Asp135_Phe154del) 7 1 (F) 2 Yes3 

Missense/in-frame mutation within catalytic domain c.404-3C>A p.(Asp135_Phe154del) 7 1 (F) 2,4,5,6 No 

Missense/in-frame mutation within catalytic domain c.428T>A p. Ile143Asn 7 1 (F) 4,5,6 No 

Missense/in-frame mutation within catalytic domain c.458A>T p. Asp153Val 7 1 (F) 4,5,6 No 

Missense/in-frame mutation within catalytic domain c.463+1G>A p.Asp135_Phe154del 7 1 (F) 2,4,5,6 No 

Missense/in-frame mutation within catalytic domain c.473G>C p.Arg158Pro 8 1 (M) 2,4,5,6 No 

Missense/in-frame mutation within catalytic domain c.511T>G p.Tyr171Asp 8 1 (F) 2 No 

Missense/in-frame mutation within catalytic domain c.514G>A p.Val172Ile 8 1 (M) 4,5,6 No 

Missense/in-frame mutation within catalytic domain c.526T>C p.Trp176Arg 8 1 (F) 4,5,6 No 

Missense/in-frame mutation within catalytic domain c.527G>T p.Trp176Leu 8 1 (F) 2 No 

Missense/in-frame mutation within catalytic domain c.532C>T p.Arg178Trp 8 3 (2F, 1M) 2,4 (2F),5(2F),6(2F) No 

Missense/in-frame mutation within catalytic domain c.536C>T p. Ser179Phe 8 1 (F) 4,5,6 No 

Missense/in-frame mutation within catalytic domain c.577G>C p.Asp193His 9 1 (F) 4,5,6 No 

Missense/in-frame mutation within catalytic domain c.587C>T p.Ser196Leu 9 5 (F) 2 (3F),4,5,6 No 

Missense/in-frame mutation within catalytic domain c.595T>C p.Cys199Arg 9 1 (F) 2,4,5,6 No 

Missense/in-frame mutation within catalytic domain c.609C>G p.Glu203Asp 9 1 (F) 2 Yes4 

Missense/in-frame mutation within catalytic domain c.620G>A p.Gly207Glu 9 1 (F) 2,4,5,6 Yes 

Missense/in-frame mutation within catalytic domain c.656A>C p.Gln219Pro 9 1 (F) 2,4,5,6 Yes 

Missense/in-frame mutation within catalytic domain c.669T>G p.Ile223Ser 9 1 (F) 2 No 

Missense/in-frame mutation within catalytic domain c.680T>C p.Leu227Pro 9 1 (F) 2,4,5,6 No 

Missense/in-frame mutation within catalytic domain c.872G>A p.Cys291Tyr  11 1 (F) 4,5,6 No 

Truncation occurring between aa 172 and 781 c.670C>T p.Gln224* 9 1 (M) 4,5,6 No 

Truncation occurring between aa 172 and 781 c.556_557delGC p.Ala186Serfs*19 9 1 (M) 4,5,6 No 

Truncation occurring between aa 172 and 781 c.745-?_977+?del p.(Phe249Lysfs*16) 10-11 1 (F) 4,5,6 No 
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Truncation occurring between aa 172 and 781 c.801_802delAT p.Asn267Lysfs*5 11 1 (F) 4,5,6 No 

Truncation occurring between aa 172 and 781 c.857dupA p.Tyr286* 11 1 (F) 2,4,5,6 No 

Truncation occurring between aa 172 and 781 c.859_868del10 p.Leu287Serfs*3 11 1 (F) 2,4,5,6 No 

Truncation occurring between aa 172 and 781 c.978-?_2980+?del p.? 12+ 1 (F) 4,5,6 No 

Truncation occurring between aa 172 and 781 c.1039C>T p.Gln347* 12 1 (F) 4,5,6 No 

Truncation occurring between aa 172 and 781 c.1371dupA p.Leu458Thrfs*5 12 1 (F) 2,4,5 No 

Truncation occurring between aa 172 and 781 c.1375C>T p.Gln459* 12 1 (F) 2,4,5,6 No 

Truncation occurring between aa 172 and 781 c.1446delC p.Tyr482* 12 1 (F) 2,4,5,6 No 

Truncation occurring between aa 172 and 781 c.1470_1471delGG p.Ala491Thrfs*3 12 1 (F) 2,4,5,6 No 

Truncation occurring between aa 172 and 781 c.1499ins4 p.? 12 1 (F) 2,4,5,6 No 

Truncation occurring between aa 172 and 781 c.1547_1554del8 p.Tyr516Phefs*2 12 1 (F) 4,5,6 No 

Truncation occurring between aa 172 and 781 c.1581del p.Thr528Profs*44 12 1 (F) 4,5 No 

Truncation occurring between aa 172 and 781 c.1648C>T p.Arg550* 12 5 (F) 2 (2F),4 (4F),5 

(4F),6(4F)  

No 

Truncation occurring between aa 172 and 781 c.1671dupA p.Arg558Thrfs*9 12 2 (F) 2 (1F),4,5,6 No 

Truncation occurring between aa 172 and 781 c.1675C>T p.Arg559* 12 2 (F) 2,4 (1F),5(1F), 6(1F) Yes5 

Truncation occurring between aa 172 and 781 c.1782T>G p.Tyr594* 12 1 (F) 2,4 Yes 

Truncation occurring between aa 172 and 781 c.1791delC p.Tyr598Thrfs*18 12 1 (F) 2,4,5,6 Yes 

Truncation occurring between aa 172 and 781 c.2038A>T p.Lys680* 13 1 (F) 2,4,5,6 No 

Truncation occurring between aa 172 and 781 c.2047-1G>A p.Gly683Valfs*101 13 1 (F) 2,4,5,6 No 

Truncation occurring between aa 172 and 781 c.2047-2A>G p.Gly683Cysfs*66 13 1 (F) 2,4,5,6 No 

Truncation occurring between aa 172 and 781 c.2072_2073delCT p.Ser691* 14 1 (F) 2,4,5,6 No 

Truncation occurring between aa 172 and 781 c.2154_2155insGT p.Pro719fs 15 1 (F) 2 No 

Truncation occurring between aa 172 and 781 c.2258_2259delAA p.Gln753Profs*10 15 1 (F) 4,5 No 

Truncation occurring between aa 172 and 781 c.2376+1G>A p.( Lys760Tyrfs*10) 16 1 (F) 2 Yes6 

Truncation occurring between aa 172 and 781 c.2376+5G>A p.(Lys760Tyrfs*10) 16 1 (F) 2,4,5 No 
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Truncation occurring between aa 172 and 781 c.2322delA p.Glu775fs 16 1 (F) 2 No 

Late truncation after aa 781 c.2360delA p.Lys787fs 16 2 (F twins) 2 No 

Late truncation after aa 781 c.2374dupA p.Thr792Asnfs*9 16 1 (F) 2,4,5,6 No 

Late truncation after aa 781 c.2377-8T>A p.(Val793Leufs*2) 16 1 (F) 4,5,6 No 

Late truncation after aa 781 c.2413C>T p.Gln805* 17 1 (M) 4,5,6 No 

Late truncation after aa 781 c.2420_2430del p.Ser807Cysfs*2 17 1 (M) 4,5,6 No 

Late truncation after aa 781 c.2504delC p.Pro835Hisfs*2 17 1 (F) 2,4,5,6 No 

Late truncation after aa 781 c.2477-?_2713+?del p.(Ser833Thrfs*22) 17 2 (F) 4,5,6 No 

Late truncation after aa 781 c.2564C>G p.Ser855* 18 2 (F) 2,4,5,6 No 

Late truncation after aa 781 c.2572delC p.Arg858Alafs*5 18 1 (F) 2,4,5,6 No 

Late truncation after aa 781 c.2635_2636delCT p.Leu879Glufs*30 18 2 (F) 2,4,5,6 No 

Late truncation after aa 781 c.2704C>T p.Gln902* 18 1 (F) 2 No 

Late truncation after aa 781 c.2711delC p.Pro904Glnfs*23 18 1 (F) 2,4,5,6 No 

Mutations not grouped 

 c.1612A>G p.Thr538Ala 1 1 (M) 4,5 No 

 c.2684C>T p.Pro895Leu 18 1 (F) 4,5,6 No 

 c.65-?_1944+?dup p.(?) 3-12 1 (M) 4,5,6 No 

 c.146-?_463+?dup p.(?) 5-7 1 (F) 4,5,6 No 

 (position uncertain) p.(?) 1-3 1 (M) 2,4,5,6 No 

 c.745-2A>G p.(Phe249_Lys275del) 10 1 (F) 2,4,5 No 

 c.825+1G>A p.(Phe249_Lys275del) 10 1 (F) 2,4,5,6 No 

 c.825+1G>T p.(Phe249_Lys275del) 10 1 (F) 4,5,6 No 

 c.1030_1031insGAC p.Lys344delinsArgGln 12 1 (F) 2,4,5,6 No 

 c.2153_2154delTGinsCT  p.V718A 14 1 (F) 2 No 

 c.2276+1G>A p.(Val718_Trp759delinsGly) 15 1 (F) 2,4,5,6 No 
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CDKL5 numbering based on GenBank reference sequences NG_008475.1 and NM_003159.2, with the first A in the start codon numbered +1.  Protein names in brackets indicate inferred changes based on in silico analyses, 

including splicing predictions by SpliceSiteFinder-like (accessed through Alamut Visual v2.3.4), MaxEntScan ,7 NNSPLICE by the Berkeley Drosophila Genome Project, 8 GeneSplicer 9 and Human Splicing Finder. 10 
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Appendix D: CRG invitation letter and information 

Dear (name). 

 

We are delighted to formally invite you to be on the Consumer Reference Group for 

the new International CDKL5 Disorder Register. The CDKL5 disorder is rare and 

collecting information from families and clinicians across the world is an important 

part in developing our understanding. At present there is little known about the CDKL5 

disorder, the issues families face and how the disorder progresses over time.  

 

The International CDKL5 Disorder Register is being developed to collect information 

from families and clinicians across the world on the clinical presentation, management 

and impact of this disorder. We hope that data from the register will help in the 

development of better treatment and clinical management strategies. The 

participation of families from across the world will also be beneficial for recruitment 

into clinical trials in the future. 

 

This study is being conducted by researchers from the Telethon Institute for Child 

Health Research, Perth, Western Australia in collaboration with the International 

Foundation for CDKL5 Research. Other researchers and clinicians from around 

Australia are also involved in this study and we are also in the process of recruiting an 

advisory committee of neurologists and other specialists from Australia and 

internationally to provide additional clinical advice on the direction and 

implementation of this study. 

 

We envisage that the Consumer Reference Group will meet via teleconference every 

three to four months. The role of the Consumer Reference Group will be to represent 

other families with a child with the CDKL5 disorder and to provide input into this study 

from a family perspective on the direction of the research and how it is conducted. We 

hope that the first teleconference will take place within the next two weeks and to suit 

families from across the world it will need to occur within the following timeframe: 
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Country Zone Morning Afternoon Evening 

Australia WST 5-6am  6-8pm 

Australia EST 8-9am  9-11pm 

Europe CET 10-12am  10-11pm 

UK and Ireland GMT 9-11am  9-10pm 

USA EST 5-7am 4-5pm  

USA CST 4-6am 3-4pm  

USA MST 3-5am 2-3pm  

USA PST 2-4am 1-2pm  

 

If you are keen to be involved, we will send you potential dates and times for the first 

teleconference over the coming week. We thank you for considering our request and 

look forward to your response. 

 

Kind Regards 

 

Stephanie Fehr 
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Appendix E: Australian Rett syndrome 2011 Follow-up 

Questionnaire 
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Appendix F: International Rett syndrome Database (InterRett) 

Family Questionnaire 
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Appendix G: Sleep Disturbance Scale for Children 
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Appendix H: International CDKL5 Disorder Database Family 

Questionnaire 
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Appendix J: Parent Consent Form 
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Appendix K: Email correspondence to registering caregiver 

Dear (Insert name) 

 

Thank you very much for contacting us here at International CDKL5 Disorder Database. 

This database was established in September 2012 as a collaborative effort between 

researchers located at the Telethon Kids Institute (formerly the Telethon Institute for 

Child Health Research), in Perth Western Australia and the International Foundation 

for CDKL5 Research. We anticipate that we will contact every family who registers by 

phone within a week of registering to further explain the study and answer any 

questions which you may have. 

 

 The database aims to collect information from families on their child with the CDKL5 

disorder through the use of questionnaires which can be completed online or on 

paper.  

  

You can access the Family Questionnaire by going to the website at 

http://cdkl5.com/Research/Database.aspx and clicking on the link which can be found 

on the homepage where it says “If you already have a login and would like to login to 

the database, please click here <http://cdkl5.childhealthresearch.org.au/> .” Or by 

clicking on the previous link. 

 

Your login details are as follows:  Username: (enter username) password: (enter 

password)  

 

There are instructions located on the login page and the questionnaire is divided into 

sections.  Each section is submitted individually so you do not have to complete the 

questionnaire in one session and you can save as you go if you don’t have the time to 

complete a full section.  The status page will show you which sections are complete 

and which are still to be done. 

   

Please contact us if you have any comments or queries.   I have attached a pdf version 
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that you can use as a guide. Alternatively you can print and complete this version and 

return to us by fax or mail. 

   

We also need you to print out and sign the consent form and return it in one of the 

following ways: 

 

Email:         Scan the signed consent form and email to cdkl5@ichr.uwa.edu.au 

Fax:  011         61      8   94897700 

 International dial code Australia    State     Fax Number 

Mail:  International CDKL5 Disorder Database 

Telethon Kids Institute 

PO Box 855, West Perth 

WA AUSTRALIA 6872 

 

 

Thank you for participating in the International CDKL5 Disorder Database, we 

appreciate your support and look forward to hearing from you again. 

 

Stephanie Fehr  

International CDKL5 Disorder Database 

Telethon Kids Institute 

100 Roberts Road, Subiaco, Western Australia, 6008 | PO Box 855, West Perth, 

Western Australia, 6872  

Ph. +61 8 9489 7782 
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