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Summary

Clinical characteristics
CDKL5 deficiency disorder (CDD) is a developmental and epileptic encephalopathy (DEE) characterized by 
severe early-onset intractable epilepsy and motor, cognitive, visual, and autonomic disturbances. Movement 
disorders include chorea, dystonia, and stereotypical hand and leg movements.

Although females are more commonly affected than males (female-to-male ratio is approximately 4:1), the 
severity of manifestations in heterozygous females and hemizygous males can be equivalent. However, the 
severity of the phenotype can vary depending on the type and position of the CDKL5 pathogenic variant, pattern 
of X-chromosome inactivation in females, and presence of postzygotic mosaicism in males or females, who can 
have mild manifestations.

Diagnosis/testing
The diagnosis of CDD is established in a female proband with suggestive clinical findings and a heterozygous 
CDKL5 pathogenic variant identified by molecular genetic testing.

The diagnosis of CDD is established in a male proband with suggestive clinical findings and a hemizygous 
CDKL5 pathogenic variant identified by molecular genetic testing.
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Management
Treatment of manifestations: International consensus recommendations for the assessment and management of 
individuals with CDD have been published. The management of individuals with CDD is complex and requires 
multiple specialty evaluations; referral to a CDKL5 Center of Excellence may allow families to coordinate care 
more easily for affected individuals.

Targeted therapy: Ztalmy® (ganaxolone) is a targeted therapy for the treatment of epilepsy associated with CDD 
in individuals aged two years and older. This is the first approved treatment for seizures associated with CDD 
and the first treatment specifically for CDD.

Supportive care: Multidisciplinary care by specialists in the fields of pediatric neurology including pediatric 
epilepsy, feeding and nutrition, sleep disorders, behavioral disorders, orthopedics, physical therapy, occupational 
therapy, speech-language disorders, and genetic counseling.

Surveillance: Annual assessments by a medical home / primary care physician and specialists.

Genetic counseling
CDD is inherited in an X-linked manner. Approximately 99% of affected individuals represent simplex cases 
(i.e., a single occurrence in the family). The majority of individuals who represent simplex cases have the 
disorder as the result of a de novo germline or (rarely) postzygotic CDKL5 pathogenic variant. Rarely, an 
individual with CDD has the disorder as the result of a CDKL5 pathogenic variant inherited from a heterozygous 
or mosaic mother. If the mother of the proband has a CDKL5 pathogenic variant, the chance of transmitting it in 
each pregnancy is 50%. Females who inherit the pathogenic variant will be heterozygous and are at high risk of 
being affected, although skewed X-chromosome inactivation and the possibility of other attenuating factors may 
result in a variable phenotype. Males who inherit the pathogenic variant will be hemizygous and will most likely 
be severely affected. Once the CDKL5 pathogenic variant has been identified in an affected family member, 
prenatal and preimplantation genetic testing are possible.

Diagnosis
For the purposes of this GeneReview, the terms "male" and "female" are narrowly defined as the individual's 
biological sex at birth as it determines clinical care [Caughey et al 2021].

Diagnostic criteria for CDKL5 deficiency disorder (CDD) have been proposed [Olson et al 2019, Amin et al 
2022, Das 2023].

Suggestive Findings
CDD should be suspected in females and males with motor and cognitive developmental delays and epilepsy 
with onset in the first year of life (developmental delays and early-onset epilepsy constitute the minimal clinical 
diagnostic criteria proposed by Olson et al [2019]). Note: (1) Although females are more commonly affected 
than males with this X-linked disorder, the severity of manifestations in affected females and males can be 
equivalent. (2) The severity of the phenotype can vary depending on the type and position of the CDKL5 
pathogenic variant, pattern of X-chromosome inactivation in females, and presence of postzygotic mosaicism.

Common clinical findings [Olson et al 2019] (full text)

• Early-onset epilepsy
⚬ Typically beginning within the first two months of life (up to age 12 months)
⚬ Usually severe, with multiple episodes per day
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⚬ Seizure types vary over time. Epileptic spasms (without hypsarrhythmia in 50%) are the initial 
seizure type in nearly 25% of individuals; other seizure types include tonic, focal, myoclonic, and 
generalized tonic-clonic; and mixed types that include features of spasms, tonic seizures, and 
hypermotor seizures. EEG findings may be normal in early infancy.

⚬ Refractory to anti-seizure medications (ASMs)
• Severe developmental delays / intellectual disability involving motor, communication (speech and 

language), and cognitive development
• Cerebral visual impairment manifesting as:

⚬ Abnormal eye movements that include esotropia, exotropia, and horizontal and rotatory nystagmus
⚬ Abnormal fixation and responsiveness to bright lights

• Tone abnormalities, including generalized hypotonia
• Sleep disturbances

⚬ Inability to maintain nighttime sleep for extended periods
⚬ Excessive daytime sleepiness

• Movement abnormalities
⚬ Stereotypies of hands (e.g., putting hands in mouth), arms (e.g., flapping, waving), or legs (e.g., leg 

crossing)
⚬ Generalized chorea
⚬ Dystonia

• Autonomic dysfunction
⚬ Constipation
⚬ Gastroesophageal reflux disease
⚬ Abnormal breathing pattern

Brain MRI findings. Brain MRI findings, if present, are variable and nonspecific and include progressive 
cortical and cerebellar atrophy with reduction in both gray and white matter [Leonard et al 2022, Specchio et al 
2023].

Family history. CDD is an X-linked disorder. Because CDD is typically caused by a de novo pathogenic variant, 
most probands represent a simplex case (i.e., a single occurrence in a family).

Establishing the Diagnosis
Female proband. The diagnosis of CDD is established in a female proband with suggestive clinical findings and 
a heterozygous CDKL5 pathogenic (or likely pathogenic) variant identified by molecular genetic testing [Olson 
et al 2019, Amin et al 2022, Das 2023] (see Table 1).

Male proband. The diagnosis of CDD is established in a male proband with suggestive clinical findings and a 
hemizygous CDKL5 pathogenic (or likely pathogenic) variant identified by molecular genetic testing [Olson et al 
2019, Amin et al 2022, Das 2023] (see Table 1).

Note: (1) Per ACMG/AMP variant interpretation guidelines, the terms "pathogenic variant" and "likely 
pathogenic variant" are synonymous in a clinical setting, meaning that both are considered diagnostic and can 
be used for clinical decision making. Reference to "pathogenic variants" in this GeneReview is understood to 
include likely pathogenic variants. (2) Identification of a hemizygous or heterozygous CDKL5 variant of 
uncertain significance does not establish or rule out the diagnosis. (3) While most individuals with CDD have a 
germline (i.e., constitutional) CDKL5 pathogenic variant, some individuals have a postzygotic (i.e., mosaic) 
CDKL5 pathogenic variant, including single-nucleotide variants, deletions, and inversions (see Molecular 
Genetics).
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Molecular genetic testing approaches in a proband can include a combination of gene-targeted testing 
(multigene panel) and comprehensive genomic testing (chromosomal microarray, exome sequencing, genome 
sequencing). Gene-targeted testing requires that the clinician determine which gene(s) are likely involved (see 
Option 1), whereas comprehensive genomic testing does not (see Option 2).

Note: Single-gene testing (sequence analysis of CDKL5, followed by gene-targeted deletion/duplication analysis) 
is rarely used today and typically NOT recommended.

Option 1
An epilepsy multigene panel that includes CDKL5 and other genes of interest (see Differential Diagnosis) is 
most likely to identify the genetic cause of the condition while limiting identification of variants of uncertain 
significance and pathogenic variants in genes that do not explain the underlying phenotype. Note: (1) The genes 
included in the panel and the diagnostic sensitivity of the testing used for each gene vary by laboratory and are 
likely to change over time. (2) Some multigene panels may include genes not associated with the condition 
discussed in this GeneReview. (3) In some laboratories, panel options may include a custom laboratory-designed 
panel and/or custom phenotype-focused exome analysis that includes genes specified by the clinician. (4) 
Methods used in a panel may include sequence analysis, deletion/duplication analysis, and/or other non-
sequencing-based tests. (5) Mosaic (i.e., postzygotic) pathogenic variants of CDKL5 have been identified in some 
individuals. Therefore, the depth of sequencing may determine the yield of molecular diagnostic testing using 
these panels.

For an introduction to multigene panels click here. More detailed information for clinicians ordering genetic 
tests can be found here.

Option 2
Comprehensive genomic testing does not require the clinician to determine which gene is likely involved. 
Exome sequencing is most commonly used; genome sequencing is also possible. Note: Unlike exome 
sequencing, genome sequencing can identify variants outside of the coding region, large deletions, and 
rearrangements. Although most CDKL5 coding variants identified by genome sequencing are within exons 
[Taylor et al 2015], intronic CDKL5 missense variants associated with abnormal splicing [Olson et al 2019] and 
rare disease-associated deletions in the 5' untranslated region have been reported [Nemos et al 2009, Bahi-
Buisson et al 2010, Liang et al 2011, Mei et al 2014, Schoch et al 2020].

For an introduction to comprehensive genomic testing click here. More detailed information for clinicians 
ordering genomic testing can be found here.
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Table 1. Molecular Genetic Testing Used in CDKL5 Deficiency Disorder

Gene 1 Method Proportion of Pathogenic Variants 2 

Identified by Method

CDKL5
Sequence analysis 3 84% 4, 5

Deletion/duplication analysis 6 16% 4, 7

1. See Table A. Genes and Databases for chromosome locus and protein.
2. See Molecular Genetics for information on variants detected in this gene.
3. Sequence analysis detects variants that are benign, likely benign, of uncertain significance, likely pathogenic, or pathogenic. Variants 
may include missense, nonsense, and splice site variants and small intragenic deletions/insertions; typically, exon or whole-gene 
deletions/duplications are not detected. For issues to consider in interpretation of sequence analysis results, click here.
4. Demarest et al [2019] and data derived from the subscription-based professional view of Human Gene Mutation Database [Stenson 
et al 2020]
5. Intronic CDKL5 missense pathogenic variants associated with abnormal splicing [Olson et al 2019] and rare disease-associated 
deletions in the 5' untranslated region have been reported [Nemos et al 2009, Bahi-Buisson et al 2010, Liang et al 2011, Mei et al 2014]. 
Further, mosaic missense variants identified in individuals with CDD were detectable by next-generation sequencing [Stosser et al 
2018].
6. Gene-targeted deletion/duplication analysis detects intragenic deletions or duplications. Methods used may include a range of 
techniques such as quantitative PCR, long-range PCR, multiplex ligation-dependent probe amplification (MLPA), and a gene-targeted 
microarray designed to detect single-exon deletions or duplications and array comparative genomic hybridization (CGH). Exome and 
genome sequencing may be able to detect deletions/duplications using breakpoint detection or read depth; however, sensitivity can be 
lower than gene-targeted deletion/duplication analysis.
7. Mosaic deletions and inversions disrupting CDKL5 have been identified by array CGH and optical genome mapping [Bartnik et al 
2011, Cope et al 2021].

Clinical Characteristics

Clinical Description
CDKL5 deficiency disorder (CDD) is a developmental and epileptic encephalopathy (DEE) characterized by 
severe early-onset epilepsy and motor, cognitive, visual, and autonomic disturbances [Bahi-Buisson et al 2008, 
Nemos et al 2009, Castrén et al 2011, Melani et al 2011, Bahi-Buisson et al 2012, Fehr et al 2015, Fehr et al 2016, 
Mangatt et al 2016]. Movement disorders include chorea, dystonia, and stereotypical hand and leg movements 
[Olson et al 2019, Olson et al 2021, Leonard et al 2022]. Cardiac involvement is nonspecific [Stansauk et al 
2023].

Because the full spectrum of phenotypic severity is still emerging, especially given the possibility of mosaicism 
(in males and females) and the potential for skewed X-chromosome inactivation (in females), an individual with 
a de novo CDKL5 pathogenic variant may have a mild phenotype (for example, minimal epilepsy and global 
developmental delays).

To date, approximately 500 individuals have been identified with CDD [Leonard et al 2022]. The following 
description of the phenotypic features associated with CDD is based on these reports.

Although females are more commonly affected than males (female-to-male ratio is approximately 4:1 [Demarest 
et al 2019]), the severity of manifestations in heterozygous females and hemizygous males can be equivalent. 
However, the severity of the phenotype can vary depending on the type and position of the CDKL5 pathogenic 
variant, pattern of X-chromosome inactivation in females, and presence of postzygotic mosaicism in males or 
females, who can have mild manifestations [Demarest et al 2019, MacKay et al 2021, Wong et al 2023].

Table 2. CDKL5 Deficiency Disorder: Frequency of Select Features

Feature 1 % of Persons w/Feature

Development delay / intellectual disability 100%
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Table 2. continued from previous page.

Feature 1 % of Persons w/Feature

Epilepsy >99% 2

Sleep disturbances 90%

Cerebral visual impairment 80%

Gastrointestinal problems 70%

Feeding problems requiring gastrostomy tube placement 30%

Movement disorders 25%

Musculoskeletal abnormalities 20%

Respiratory problems
Apnea/hypoventilation 20%

Lower respiratory infections 10%

Behavioral problems Unknown

Based on Leonard et al [2022], the International CDKL5 Disorder Database (ICDD), and International CDKL5 Clinical Research 
Network (ICCRN)
1. Families who care for children with CDD rank seizures as a top concern, followed closely by communication, sleep disorders, and 
vision issues [Neul et al 2023].
2. Fewer than 1% of individuals with CDD do not have epilepsy [Fehr et al 2016, MacKay et al 2020, Jakimiec et al 2020, Aznar-Laín et 
al 2023].

Development. Gross motor, fine motor, and speech-language development are impaired in all affected 
individuals.

Gross motor abnormalities are accompanied by generalized hypotonia. Approximately 60% of individuals 
achieve sitting and approximately 20% achieve independent walking.

Approximately 40%-70% of individuals cannot grasp and hold objects.

Approximately 20% of individuals have spoken language. Most children can use some simple nonverbal 
communication methods.

Cerebral visual impairment, which affects 80% of individuals, may affect development in each of these areas.

Epilepsy. Most individuals have early-onset and severe intractable epilepsy. Seizures are variable in type over 
time. Epileptic spasms are the initial seizure type in nearly 25% of individuals (and in those individuals, 50% of 
seizures occur without hypsarrhythmia on EEG). Other seizure types include tonic, focal, myoclonic, and 
generalized tonic-clonic seizures, and mixed types that include features of spasms, tonic seizures, and 
hypermotor seizures.

In general, epilepsy is medically refractory throughout life but shows some improvements with age. In up to 40% 
of individuals there may be a relative temporary improvement in seizures ("honeymoon period") around ages 
one to two years [Fehr et al 2016, Demarest et al 2019].

EEG features may be normal in early infancy but subsequently evolve to abnormal background activity that can 
include a Lennox-Gastaut pattern.

Neuroimaging. Nonspecific but abnormal brain imaging may be more evident in males than in females; findings 
can include progressive cortical and cerebellar atrophy with reduction in white and gray matter thickness 
[Leonard et al 2022].
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In one study, brain MRIs in 64% (n=14/22) of individuals were normal in the first year of life. Follow-up MRIs 
showed progressive cortical and cerebellar atrophy. These findings, which can be seen in other DEEs, were 
hypothesized to be due to either CDD pathogenesis or severe intractable epilepsy [Specchio et al 2023].

Sleep disturbances. Abnormal sleep patterns, typically with inability to maintain sleep, are common [Mangatt et 
al 2016]. Parents report lack of sleep overall for several nights followed by excessive somnolence in more severe 
cases. This feature is typically lifelong [Hagebeuk et al 2013].

Cerebral visual impairment. Abnormal visual function manifests as abnormal eye movements that include 
horizontal and rotatory nystagmus and dysconjugate eye movements with reduced tracking and fixation 
associated with difficulties in visually oriented tasks such as reaching. Response to bright light can be abnormal 
(e.g., lack of blink). There may be improvement of visual fixation and task performance with age [Demarest et al 
2019, Olson et al 2019, Brock et al 2021].

Gastrointestinal problems. Constipation and gastroesophageal reflux disease requiring medical management 
are typically lifelong.

Feeding problems. While one third of individuals may require gastrostomy tube placement for feeding, the 
remainder usually have some degree of feeding challenges (likely influenced by hypotonia of the pharyngeal 
muscles) that may be associated with increased risk of aspiration.

Movement disorders. The incidence of movement disorders may be underappreciated due to variability in 
ascertainment. Chorea, dystonia, and stereotypical leg crossing are not uncommon. Abnormal movements such 
as stereotypical hand movements may be present.

Musculoskeletal involvement may include scoliosis and large joint abnormalities associated with severe 
hypotonia (subluxation/dislocation of hips and knees).

Respiratory problems. Aspiration pneumonia due to impaired ability to clear respiratory secretions may be 
more prevalent in those with severe hypotonia.

Behavioral problems. Occasionally, autistic behaviors including abnormal socialization and repetitive behaviors 
have been described.

Genotype-Phenotype Correlations
While genotype-phenotype correlations are emerging [MacKay et al 2021], there are two caveats regarding 
ascertainment: (1) the frequency of recurrent CDKL5 pathogenic variants is relatively low; and (2) 
measurements of severity with sufficient granularity to differentiate clinical severity have only recently become 
available.

CDKL5 pathogenic variants causing CDD are typically loss-of-function variants [Hector et al 2017b, Olson et al 
2019, Leonard et al 2022]; however, duplications [Szafranski et al 2015] and missense gain-of-function variants 
[Frasca et al 2022] associated with different, and often milder, neurologic manifestations have been reported.

Phenotypes associated with nonsense alterations throughout the protein appear equally severe, suggesting that 
truncating variants located within the terminal region of the gene may be less severe [Wong et al 2023].

Nomenclature
CDKL5 deficiency disorder (CDD) was previously referred to as an early-onset seizure variant (Hanefeld 
variant) of Rett syndrome [Leonard et al 2022] and as CDKL5-related developmental and epileptic 
encephalopathy (CDKL5-DEE) in the International League Against Epilepsy (ILAE) Classification and 
Definition of Epilepsy Syndromes [Zuberi et al 2022].
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Prevalence
The prevalence of CDD in the general population is unknown. An incidence of 2.36 in 100,000 live births (95% 
CI: 0.805-5.59) was estimated based on identification of CDD in four of 333 Scottish children with epilepsy 
tested over three years using an epilepsy multigene panel [Symonds et al 2019]. Note that this may or may not be 
an underestimate more broadly given the variability of the CDD phenotype and limited molecular investigations 
of individuals who are mildly affected (i.e., ascertainment bias).

Genetically Related (Allelic) Disorders
No phenotypes other than those discussed in this GeneReview are known to be associated with germline 
pathogenic variants in CDKL5.

Contiguous gene deletions. Larger deletions that include CDKL5 may involve additional manifestations 
depending on the gene content of the deleted segment. For example, encephalopathy and features of Nance-
Horan syndrome (OMIM 302350) were reported in an individual with a deletion encompassing CDKL5 and 
NHS [Van Esch et al 2007].

Differential Diagnosis
Table 3. Developmental and Epileptic Encephalopathies in the Differential Diagnosis of CDKL5 Deficiency Disorder

Gene(s) Disorder MOI

ARX ARX-related DEE (OMIM 308350) XL

FOXG1 FOXG1 syndrome AD

GABRA1 GABRA1-related DEE (OMIM 615744) AD

GABRB3 GABRB3-related DEE (OMIM 617113) AD

GABRG2 GABRG2-related DEE (OMIM 618396) AD

GRIN2A GRIN2A-related speech disorders & epilepsy AD

KCNQ2 KCNQ2-related developmental & epileptic 
encephalopathy (OMIM 613720) AD

KCNT1 KCNT1-related epilepsy AD

MECP2
MECP2 classic Rett syndrome (See MECP2 Disorders.) XL

MECP2 duplication syndrome XL

PCDH19 PCDH19-related DEE (OMIM 300088) XL

SCN1A SCN1A seizure disorders AD

SCN2A SCN2A-related DEE (OMIM 613721) AD

SCN8A SCN8A-related epilepsy w/encephalopathy AD

SLC2A1 Classic glucose transporter type 1 deficiency syndrome 
(See Glucose Transporter Type 1 Deficiency Syndrome.)

AD
(AR) 1

STXBP1 STXBP1 encephalopathy w/epilepsy AD
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Table 3. continued from previous page.

Gene(s) Disorder MOI

UBE3A Angelman syndrome See footnote 2.

Adapted from Leonard et al [2022], Supplementary Figure 2
AD = autosomal dominant; AR = autosomal recessive; DEE = developmental and epileptic encephalopathy; MOI = mode of 
inheritance; XL = X-linked
1. Glucose transporter type 1 deficiency syndrome (Glut1 DS) is most commonly inherited in an autosomal dominant manner. Rarely, 
Glut1 DS is inherited in an autosomal recessive manner.
2. Individuals with Angelman syndrome (AS) typically have the disorder as the result of a de novo genetic alteration associated with a 
very low recurrence risk. Less commonly, an individual with AS has the disorder as the result of a genetic alteration associated with an 
imprinting pattern of autosomal dominant inheritance or variable recurrence risk.

Classic Rett syndrome (see MECP2 Disorders). CDKL5 deficiency disorder (CDD) was previously considered 
an early-onset seizure variant of Rett syndrome prior to the updating of Rett syndrome classification [Neul et al 
2010], gene discovery, and wider use of genetic testing. While stereotypical hand movements may be present in 
CDD, they are rarely similar qualitatively to those seen in individuals with classic Rett syndrome. Though this 
distinction is subjective, the hand stereotypies common to Rett syndrome (such as wringing, tapping/touching, 
mouthing with evolution over time) are less distractible compared to those seen in CDD (such as mouthing, 
flapping). In addition, very early-onset seizures and cerebral visual impairment are not generally seen in classic 
Rett syndrome.

Management
International consensus recommendations for the assessment and management of individuals with CDKL5 
deficiency disorder (CDD) have been published [Amin et al 2022] (full text).

The management of individuals with CDD is complex and requires multiple specialty appointments; referral to a 
CDKL5 Center of Excellence may allow families to more easily coordinate care for affected individuals (to date, 
ten CDKL5 Centers of Excellence have been established in the United States).

Evaluations Following Initial Diagnosis
To establish the extent of disease and needs in an individual diagnosed with CDD, the evaluations summarized 
in Table 4 (if not performed as part of the evaluation that led to the diagnosis) are recommended.

Table 4. CDKL5 Deficiency Disorder: Recommended Evaluations Following Initial Diagnosis

System/Concern Evaluation Comment

Constitutional Measurement of OFC, length, & 
weight

• Smaller OFC is assoc w/↑ severity of disorder. 1
• Poor weight gain can reflect nutritional status.

Neurologic

Eval of epilepsy by neurologist 
or epileptologist

• EEG to assess EEG background, epileptiform activity, & 
seizure type & correlate w/clinical semiology

• Prolonged video EEGs may be required to characterize spells 
of unclear etiology or rule out subclinical status epilepticus.

Eval of movement disorders To characterize movement disorder, if present, & ascertain effect on 
gross & fine motor skills

Ophthalmologic/ 
Vision

Ophthalmologist Assess for visual acuity, abnormal ocular movement, refractive 
errors, & strabismus

Neurologist Assess for cerebral visual impairment
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Table 4. continued from previous page.

System/Concern Evaluation Comment

Development Primary care / developmental 
assessment

Incl assessments for:

• Motor, adaptive, cognitive, & speech-language delays
• Early intervention program / IEP or 504 plan

Sleep disorder By PCP, sleep specialist, or 
neurologist

Characterize:

• Issues assoc w/sleep initiation &/or maintenance;
• Presence of snoring, apnea, &/or excessive limb movements.

Consider sleep study.

Neurobehavioral/ 
Psychiatric

By PCP / developmental 
pediatrician Persons age >12 mos: screening for concerns incl sleep disturbances

Gastrointestinal/ 
Feeding/Nutrition

Primary care / 
gastroenterology / nutrition / 
feeding team assessments

• Incl eval of aspiration risk & nutritional status
• Consider eval for gastric tube placement in persons w/

dysphagia, poor weight gain, excessive feeding times (greater 
than 30 minutes per meal), &/or ↑ aspiration risk.

Respiratory By pulmonologist

Assess for any of the following:

• Aspiration pneumonia
• Excessive or chronic cough
• Need for mgmt of oral secretions

Musculoskeletal
By PCP, orthopedist, 
neurologist, rehab medicine 
specialist, &/or PT

• Annual assessments of nutritional status & bone health, incl 
25-hydroxyvitamin D intake

• Clinical eval of spine; spine radiograph for baseline or to 
compare w/previous studies for presence of progressive 
scoliosis; referral to orthopedist if Cobb angle >45 degrees for 
consideration of surgical correction

• Annual assessments of large joint hypo- & hypermobility that 
may affect function; referral for radiographs & further 
interventions if indicated

Activities of daily living Rehab, PT/OT evals

To incl assessment of:

• Gross motor & fine motor skills
• Contractures, clubfoot, & kypho-scoliosis
• Mobility, ADL, & need for adaptive devices
• Need for PT (to improve gross motor skills) &/or OT (to 

improve fine motor skills)

Communication Speech-language therapist Assessment for augmentative communication devices & strategies

Genetic counseling By genetics professionals 2
To inform affected persons & their families re nature, MOI, & 
implications of CDD to facilitate medical & personal decision 
making
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Table 4. continued from previous page.

System/Concern Evaluation Comment

Family support 
& resources By PCP

Assess need for:

• Community or online resources such as Parent to Parent
• Social work involvement to connect families w/parental 

support, respite, & assistance w/establishing guardianship 
(see Transition to Adulthood: Caring for Your Child at Age 
18 and Beyond).

• Palliative care involvement &/or home nursing referral

ADHD = attention-deficit/hyperactivity disorder; ADL = activities of daily living; ASD = autism spectrum disorder; CDD = CDKL5 
deficiency disorder; IEP = individual education plan; MOI = mode of inheritance; OFC = occipital frontal circumference; OT = 
occupational therapy/therapist; PCP = primary care physician; PT = physical therapy/therapist
1. Cutri-French et al [2020]
2. Medical geneticist, certified genetic counselor, certified advanced genetic nurse

Treatment of Manifestations
There is no cure for CDD to date [Olson et al 2021, Leonard et al 2022].

Targeted Therapy
In GeneReviews, a targeted therapy is one that addresses the specific underlying mechanism of disease causation 
(regardless of whether the therapy is significantly efficacious for one or more manifestation of the genetic condition); 
would otherwise not be considered without knowledge of the underlying genetic cause of the condition; or could lead 
to a cure. —ED

Ztalmy® (ganaxolone) is a targeted therapy for the treatment of epilepsy associated with CDD in individuals 
ages two years and older (see Table 5). This is the first approved treatment for seizures associated with CDD and 
the first treatment specifically for CDD [Knight et al 2022].

Table 5. CDKL5 Deficiency Disorder: Targeted Therapy

Treatment Class Mechanism of Action Specific Drug Dose Comments

Neuroactive GABAA 
receptor positive 
modulator

Allosteric GABAA 
positive modulator 1 Ztalmy® (ganaxolone) See package 

insert.

• Overall, treatment is assoc w/
modest reduction in seizure 
burden. 1

• Primary side effect is 
somnolence.

1. Knight et al [2022]

Supportive Care
Supportive care to improve quality of life, maximize function, and reduce complications is recommended. This 
ideally involves multidisciplinary care by specialists in relevant fields (see Table 6).

Table 6. CDKL5 Deficiency Disorder: Treatment of Manifestations

Manifestation/Concern Treatment Considerations/Other

Developmental delay / 
Intellectual disability

See Developmental Delay / Intellectual 
Disability Management Issues.
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Table 6. continued from previous page.

Manifestation/Concern Treatment Considerations/Other

Epilepsy

Standardized treatment w/ASM by experienced 
neurologist

• An approach to seizure mgmt that balances 
seizure control w/side effects & attempts to 
limit number of ASMs to ideally ≤2. 1

• Education of parents/caregivers 2

Targeted therapy for treatment of CDD-assoc 
epilepsy See Table 5.

Movement disorders Pharmacologic therapies May incl therapies such as baclofen, botulinum toxin, 
or other specific agents to treat movement disorders.

Poor weight gain
• Feeding therapy
• Gastrostomy tube placement may be 

required for persistent feeding issues.

Low threshold for clinical feeding eval &/or 
radiographic swallowing study when there are 
clinical signs of dysphagia (choking, chronic cough, 
history of aspiration pneumonia) or prolonged 
feeding times (>30 mins per meal)

Cerebral visual impairment Address in psychoeducational activities & 
therapies.

Incl in early intervention programs &/or school 
district & consistent w/federal law re access to 
educational services by visually impaired individuals

Sleep disorders

• Interventions (e.g., CPAP or 
supplemental oxygen) that address 
central &/or obstructive sleep apnea

• Pharmacologic therapy to address 
disorders of sleep initiation & sleep 
maintenance 3

Excessive daytime somnolence, abnormal sleep 
patterns, & psychiatric behaviors can be influenced 
by polypharmacy as well as poor nocturnal sleep 
quality.

Neurobehavioral/ 
Psychiatric

• Therapies to address features of ASD 
such as applied behavioral analysis

• Pharmacologic therapies for anxiety

Pharmacologic therapies w/sedative side effects to be 
carefully weighed against overall benefits & effect on 
abilities to participate in education, therapies, sleep, 
& general quality of life.

Gastrointestinal Pharmacologic therapies
Stool softeners, prokinetics, osmotic agents, or 
laxatives as needed. Continuous use of these agents is 
safe.

Musculoskeletal

• Vitamin D supplementation if indicated
• PT/OT
• Referral for orthopedic surveillance & 

correction

Orthopedic corrections may be indicated for 
scoliosis &/or large joint displacements.

Family/Community

• Ensure appropriate social work 
involvement to connect families w/local 
resources, respite, & support.

• Coordinate care to manage multiple 
subspecialty appointments, equipment, 
medications, & supplies.

• Ongoing assessment of need for palliative 
care involvement &/or home nursing

• Consider involvement in adaptive sports or 
Special Olympics.

• Referral to community or online family 
support resources such as Parent to Parent

Based on Olson et al [2021], Amin et al [2022]
ASD = autism spectrum disorder; ASM = anti-seizure medication; CPAP = continuous positive airway pressure; OT = occupational 
therapy; PT = physical therapy
1. See Therapies Under Investigation for additional proposed therapies for epilepsy that are potentially indicated based on prior use 
and approvals (such as for infantile spasms or Lennox-Gastaut syndrome).
2. Education of parents/caregivers regarding common seizure presentations is appropriate. For information on non-medical 
interventions and coping strategies for children diagnosed with epilepsy, see Epilepsy Foundation Toolbox.
3. Atkin et al [2018], Bruni et al [2019]
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Developmental Delay / Intellectual Disability Management Issues

The following information represents typical management recommendations for individuals with developmental 
delay / intellectual disability in the United States; standard recommendations may vary from country to country.

Ages 0-3 years. Referral to an early intervention program is recommended for access to occupational, physical, 
speech, and feeding therapy as well as infant mental health services, special educators, and sensory impairment 
specialists. In the US, early intervention is a federally funded program available in all states that provides in-
home services to target individual therapy needs.

Ages 3-5 years. In the US, developmental preschool through the local public school district is recommended. 
Before placement, an evaluation is made to determine needed services and therapies and an individualized 
education plan (IEP) is developed for those who qualify based on established motor, language, social, or 
cognitive delay. The early intervention program typically assists with this transition. Developmental preschool is 
center based; for children too medically unstable to attend, home-based services are provided.

All ages. Consultation with a developmental pediatrician is recommended to ensure the involvement of 
appropriate community, state, and educational agencies (US) and to support parents in maximizing quality of 
life. Some issues to consider:

• IEP services:
⚬ An IEP provides specially designed instruction and related services to children who qualify.
⚬ IEP services will be reviewed annually to determine whether any changes are needed.
⚬ Special education law requires that children participating in an IEP be in the least restrictive 

environment feasible at school and included in general education as much as possible, when and 
where appropriate.

⚬ Vision consultants, including a teacher of the visually impaired (TVI), should be a part of the child's 
IEP team to support access to academic material.

⚬ PT, OT, and speech services will be provided in the IEP to the extent that the need affects the child's 
access to academic material. This includes access to assistive and augmentative communication 
[Townend et al 2020, Sigafoos et al 2023]. Specific recommendations regarding type of therapy 
(such as applied behavior analysis [ABA]) can be made by a developmental pediatrician. Overall, 
the goal of therapy is to maintain skills and meet individual goals; insurance requirements for 
progress or meeting specific goals on developmental skills to maintain access to therapies are not 
appropriate.

⚬ As a child enters the teen years, a transition plan should be discussed and incorporated in the IEP. 
For those receiving IEP services, the public school district is required to provide services until age 
21.

⚬ This is in accordance with the Free Appropriate Public Education (FAPE) federal rules. FAPE is an 
educational right of children with disabilities in the United States that is guaranteed by the 
Rehabilitation Act of 1973 and the Individuals with Disabilities Education Act (IDEA). The US 
Supreme Court has determined that services must be provided that will allow children to learn and 
make progress. Families should work with schools to develop an IEP that recognizes this.

• A 504 plan (Section 504: a US federal statute that prohibits discrimination based on disability) can be 
considered for those who require accommodations or modifications such as front-of-class seating, 
assistive technology devices, classroom scribes, extra time between classes, modified assignments, and 
enlarged text.

• Developmental Disabilities Administration (DDA) enrollment is recommended. DDA is a US public 
agency that provides services and support to qualified individuals. Eligibility differs by state but is typically 
determined by diagnosis and/or associated cognitive/adaptive disabilities.
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• Families with limited income and resources may also qualify for supplemental security income (SSI) for 
their child with a disability.

Surveillance
To monitor existing manifestations, the individual's response to supportive care, and the emergence of new 
manifestations, the evaluations summarized in Table 7 are recommended. In general, annual assessments by a 
medical home/primary care physician and specialists are needed.

Table 7. CDKL5 Deficiency Disorder: Recommended Surveillance

System/Concern Evaluation Frequency

Constitutional Measurement of OFC, length, & weight
Annually, or more 
frequently as required for 
mgmt

Neurologic
Monitor those w/seizures as clinically indicated. At each annual visit

Assess for new manifestations such as seizures, changes in tone, & 
movement disorders.

At each visit

Feeding
• Measurement of growth parameters
• Eval of nutritional status & safety of oral intake
• Eval of feeding time

Development Monitor developmental progress & educational needs.

Neurobehavioral/ 
Psychiatric Assessment for sleep, anxiety, ADHD, ASD, aggression, & self-injury

Gastrointestinal Monitor for feeding, nutrition, constipation, & GERD.

Respiratory Monitor for evidence of aspiration & respiratory insufficiency.

Musculoskeletal

• Physical medicine, OT/PT assessment of mobility, self-help skills
• Assessment of large joint mobility (e.g., hip surveillance)

• Clinical eval of spine
• Spine radiograph as needed to identify progressive scoliosis
• Referral to orthopedist if Cobb angle >45 degrees for consideration 

of surgical correction

At each annual visit

Family/Community

Assess family need for social work support (e.g., palliative/respite care, home 
nursing, assistance w/establishing guardianship [see Transition to 
Adulthood: Caring for Your Child at Age 18 and Beyond], referral to a 
CDKL5 Center of Excellence, or other local resources), care coordination, or 
follow-up genetic counseling if new questions arise (e.g., family planning).

At each visit

Transition to Adult Care Develop realistic plans for adult life (see Transitions from Pediatric Epilepsy 
to Adult Epilepsy Care). Starting by ~age 10 yrs

GERD = gastroesophageal reflux disease; OFC = occipital frontal circumference; OT = occupational therapy; PT = physical therapy

Evaluation of Relatives at Risk
See Genetic Counseling for issues related to testing of at-risk relatives for genetic counseling purposes.

Therapies Under Investigation
Several therapies have been investigated or are ongoing for CDD [Leonard et al 2022] including the following:

• Soticlestat/TAK935 (NCT03694275) [Demarest et al 2023]
• Ataluren (NCT02758626) [Devinsky et al 2021a]
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• Fenfluramine (NCT03861871, NCT05064878) [Devinsky et al 2021b]
• Canabidiol [Devinsky et al 2018]
• Ketogenic diet [Müller et al 2016, Lim et al 2017, Zhang et al 2022]
• Vagal nerve stimulation [Lim et al 2018]
• Protein and gene replacement therapies have been proposed.

Clinical trials and registries assessing natural history and outcome measures are ongoing (NCT05558371, 
NCT05373719, NCT04486768).

Search ClinicalTrials.gov in the US and EU Clinical Trials Register in Europe for access to information on 
clinical studies for a wide range of diseases and conditions.

Genetic Counseling
Genetic counseling is the process of providing individuals and families with information on the nature, mode(s) of 
inheritance, and implications of genetic disorders to help them make informed medical and personal decisions. The 
following section deals with genetic risk assessment and the use of family history and genetic testing to clarify genetic 
status for family members; it is not meant to address all personal, cultural, or ethical issues that may arise or to 
substitute for consultation with a genetics professional. —ED.

Mode of Inheritance
CDKL5 deficiency disorder (CDD) is inherited in an X-linked manner.

Risk to Family Members
Parents of a proband

• Approximately 99% of affected individuals represent simplex cases (i.e., a single occurrence in the family). 
The majority of individuals who represent simplex cases have the disorder as the result of a de novo 
germline or (rarely) postzygotic CDKL5 pathogenic variant.

• Rarely, an individual with CDD has the disorder as the result of a CDKL5 pathogenic variant inherited 
from a heterozygous mother [Fraser et al 2019, Siri et al 2021]. A mother who is heterozygous for a 
CDKL5 pathogenic variant may have favorably skewed X-chromosome inactivation that results in her 
being unaffected or mildly affected. Of note, the absence of favorably skewed X-chromosome inactivation 
in blood does not rule out the possibility of favorably skewed X-chromosome inactivation in the brain.

• CDKL5 molecular genetic testing is recommended for the mother of the proband to evaluate her genetic 
status and to inform recurrence risk assessment.

• Evaluation/testing of the father of the proband is not required. If the proband is female, it is presumed that 
the father is not hemizygous for the CDKL5 pathogenic variant, as males with CDD are not known to 
reproduce. If the proband is male, the father will not have CDD and will not be hemizygous for the 
CDKL5 pathogenic variant.

• Testing of parental leukocyte DNA may not detect all instances of somatic mosaicism and will not detect a 
pathogenic variant that is present in germ (gonadal) cells only.

• If the CDKL5 pathogenic variant found in the proband cannot be detected in maternal leukocyte DNA, 
possible explanations include a de novo pathogenic variant in the proband or germline mosaicism in a 
parent. Presumed maternal germline mosaicism has been reported in families with sib recurrence 
[Weaving et al 2004, Hagebeuk et al 2015].

Sibs of a proband. The risk to sibs depends on the genetic status of the parents:
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• If the mother of the proband has a CDKL5 pathogenic variant, the chance of transmitting it in each 
pregnancy is 50%.
⚬ Females who inherit the pathogenic variant will be heterozygous and are at high risk of being 

affected, although skewed X-chromosome inactivation and the possibility of other attenuating 
factors may result in a variable phenotype.

⚬ Males who inherit the pathogenic variant will be hemizygous and will most likely be severely 
affected [Demarest et al 2019, Wong et al 2023]. Note: Although manifestations may be milder in 
males with mosaic, postzygotic CDKL5 pathogenic variants, the phenotype in hemizygous males 
with germline pathogenic variants is typically severe.

• If the proband represents a simplex case and if the CDKL5 pathogenic variant cannot be detected in 
maternal leukocyte DNA, the risk to sibs is greater than that of the general population because of the 
possibility of parental germline mosaicism. Presumed maternal germline mosaicism has been reported in 
families with sib recurrence [Weaving et al 2004, Hagebeuk et al 2015].

Offspring of a proband

• Each child of a female proband with CDD has a 50% chance of inheriting the CDKL5 pathogenic variant. 
Females with CDD generally do not reproduce; mildly affected females are not known to have reproduced.

• Males with CDD are not known to reproduce.

Other family members. The risk to other family members depends on the genetic status of the proband's 
mother: if the mother of the proband has a CDKL5 pathogenic variant, her family members may be at risk.

Related Genetic Counseling Issues
Family planning

• The optimal time for determination of genetic risk and discussion of the availability of prenatal/
preimplantation genetic testing is before pregnancy.

• It is appropriate to offer genetic counseling (including discussion of potential risks to offspring and 
reproductive options) to young adults who are at risk of having a CDKL5 pathogenic variant.

Prenatal Testing and Preimplantation Genetic Testing
Once the CDKL5 pathogenic variant has been identified in an affected family member, prenatal and 
preimplantation genetic testing are possible. Males with a hemizygous CDKL5 pathogenic variant will most 
likely have severe intellectual disability. The phenotype in heterozygous females is difficult to predict and can 
range from mildly (in very rare cases) to severely affected.

Note: Because presumed maternal germline mosaicism for a CDKL5 pathogenic variant has occasionally been 
reported, it is appropriate to offer prenatal testing to the parents of a child with CDD whether or not the CDKL5 
pathogenic variant has been identified in maternal leukocyte DNA [Weaving et al 2004, Hagebeuk et al 2015].

Differences in perspective may exist among medical professionals and within families regarding the use of 
prenatal testing. While most centers would consider use of prenatal testing to be a personal decision, discussion 
of these issues may be helpful.

Resources
GeneReviews staff has selected the following disease-specific and/or umbrella support organizations and/or registries 
for the benefit of individuals with this disorder and their families. GeneReviews is not responsible for the 
information provided by other organizations. For information on selection criteria, click here.
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• CDKL5 Alliance
www.cdkl5alliance.org

• CDKL5 Centers of Excellence
International Foundation for CDKL5 Research
www.cdkl5.com/cdkl5-centers-excellence

• CDKL5 Research Collaborative
www.cdkl5research.org

• International Foundation for CDKL5 Research
Phone: 330-294-5005
Email: info@cdkl5.com
www.cdkl5.com

• International CDKL5 Disorder Database Registry (ICDD)
This registry allows families to learn about CDD, search the registry, and enter their own data. The registry is 
partnered with several patient advocacy groups.
The CDKL5 Disorder

Molecular Genetics
Information in the Molecular Genetics and OMIM tables may differ from that elsewhere in the GeneReview: tables 
may contain more recent information. —ED.

Table A. CDKL5 Deficiency Disorder: Genes and Databases

Gene Chromosome Locus Protein Locus-Specific 
Databases

HGMD ClinVar

CDKL5 Xp22.13 Cyclin-dependent 
kinase-like 5

CDKL5 @ LOVD CDKL5 CDKL5

Data are compiled from the following standard references: gene from HGNC; chromosome locus from OMIM; protein from UniProt. 
For a description of databases (Locus Specific, HGMD, ClinVar) to which links are provided, click here.

Table B. OMIM Entries for CDKL5 Deficiency Disorder (View All in OMIM)

300203 CYCLIN-DEPENDENT KINASE-LIKE 5; CDKL5

300672 DEVELOPMENTAL AND EPILEPTIC ENCEPHALOPATHY 2; DEE2

Molecular Pathogenesis
CDKL5, an X-linked gene, encodes cyclin-dependent kinase-like 5 (CDKL5), a 115-kD serine-threonine kinase 
and member of the CMGC family, which includes cyclin-dependent kinases (CDK), MAP kinases, glycogen 
synthase kinases (GSK), and cyclin-dependent kinase-like (CDKL) [Manning et al 2002]. CDKL5 is expressed 
throughout the central nervous system, primarily in neurons, where it localizes to the dendritic spines of 
excitatory synapses as well as the nucleus [Jaffe et al 1989]. Its expression increases postnatally and is stabilized at 
peak levels in adult rodents and humans [Chen et al 2010, Hector et al 2016, Baltussen et al 2018].

CDKL5 interacts with PSD-95 [Zhu et al 2013], gephyrin [Uezu et al 2016, De Rosa et al 2022], NGL-1 [Ricciardi 
et al 2012], Shootin1 [Nawaz et al 2016], actin [Chen et al 2010], the microtubule-binding proteins (MAP1s and 
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EB2), which are directly phosphorylated by CDKL5 [Baltussen et al 2018], as well as MeCP2, DNMT1, AMPH1, 
and HDAC4 [Zhu & Xiong 2019].

Loss of CDKL5 leads to a global reduction in excitatory synapse numbers [Ricciardi et al 2012, Della Sala et al 
2016], reduced PSD-95 [Lupori et al 2019, Negraes et al 2021] and synapsin [Negraes et al 2021], with loss of 
AMPA-type glutamate receptors (GluA2 [Yennawar et al 2019]) and increased NMDA-type glutamate receptors 
(GluN2B [Okuda et al 2017]). Inhibitory synaptic currents are affected in some CDKL5 mouse models [Tang et 
al 2017].

Analysis of CDKL5 pathogenic variants has confirmed that CDKL5 kinase function is central to the pathogenesis 
of CDKL5 deficiency disorder (CDD) [Hector et al 2017b, Demarest et al 2019]. However, the precise role of loss 
of CDKL5 function in causing CDD-related manifestations could be due to several mechanisms including 
chronic CDKL5 dysfunction, compensatory effects due to CDKL5 dysfunction during a critical developmental 
period, or secondary effects due to severe and intractable epilepsy.

Mechanism of disease causation. Loss of function

Note: Duplications [Szafranski et al 2015] and missense gain-of-function variants [Frasca et al 2022] associated 
with milder neurologic manifestations have been reported. Missense variants (especially novel ones) outside of 
the kinase domain (where most CDKL5 pathogenic missense variants cluster) should be interpreted with 
caution, as the functional significance of these variants may be unknown [Diebold et al 2014].

CDKL5-specific laboratory technical considerations

• CDKL5 transcripts. CDKL5 has multiple transcripts and alternatively spliced exons [Hector et al 2016, 
Hector et al 2017a]. Historically, the longest transcripts, NM_003159 and NM_001037343, have been used 
in clinical diagnostic testing. However, the transcript NM_001323289 is the most highly expressed in the 
brain and contains 170 nucleotides at the 3' end of its last exon that are noncoding in other transcripts 
[Keehan et al 2022]. This has led to pathogenic CDKL5 variants within this region being missed by clinical 
testing laboratories [Bodian et al 2018, Schoch et al 2020, Keehan et al 2022]. Thus, it is critical that 
clinical testing laboratories assess for CDKL5 variants in this transcript.

• Mosaicism. Mosaic (or postzygotic) CDKL5 variants including single-nucleotide variants and deletions 
have been identified in individuals with CDD [Bartnik et al 2011, Stosser et al 2018, Cope et al 2021]. 
Therefore, attention to the sensitivity of the diagnostic method used (e.g., next-generation sequencing or 
array comparative genomic hybridization) is recommended.

• Noncoding variants. Deleterious CDKL5 missense variants and deletions in intronic regions have been 
reported [Nemos et al 2009, Bahi-Buisson et al 2010, Liang et al 2011, Mei et al 2014, Schoch et al 2020]. 
Thus, consideration of genome sequencing for individuals with features consistent with CDD who do not 
have a CDKL5 variant detected on multigene panel testing or exome sequencing is recommended.

• Variants of uncertain significance. Maternal testing is helpful for assessing the pathogenicity of CDKL5 
variants of uncertain significance, especially missense variants (especially novel ones) outside of the kinase 
domain.
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