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Copy number variability at 16p13.11 has been associated with intellectual disability, autism,
schizophrenia, epilepsy and attention-deficit hyperactivity disorder. Adolescent/adult- onset
psychosis has been reported in a subset of these cases. Here, we report on two children with CNVs
in 16p13.11 that developed psychosis before the age of 7. The genotype and neuropsychiatric
abnormalities of these patients highlight several overlapping genes that have possible mechanistic
relevance to pathways previously implicated in Autism Spectrum Disorders, including the mTOR
signaling and the ubiquitin-proteasome cascades. A careful screening of the 16p13.11 region is
warranted in patients with childhood onset psychosis.

INTRODUCTION

New candidate genes and chromosomal regions associated with psychotic disorders
including schizophrenia are being discovered at a rapid rate [Abazyan et al., 2014;
Abdolmaleky et al., 2014; Andreassen et al., 2014; Balan et al., 2014; Chen et al., 2014;
Collins et al., 2014; Guella et al., 2014; Wirgenes et al., 2014; Won et al., 2014; Xu et al.,
2014; Yao et al., 2014; Yuan et al., 2014; Zhao et al., 2014]. This family of illnesses is
considered to be highly heritable with complex genetic etiology.

Copy number variants (CNVs) are chromosomal rearrangements involving large segments of
DNA, ranging from 1000 to several million base pairs in length. CNVs are results of
deletions or duplications, and are potentially accompanied by inversion or translocation
events. While many CNVs are believed to be benign polymorphisms, others are associated
with highly variable and pleiotropic phenotypes that often include both neurodevelopmental
and somatic disruptions. For example, 22q11.2 deletions, the first CNVs found to be
associated with schizophrenia, variably cause multiple congenital anomalies, intellectual
disability, palatal and skeletal anomalies, and cardiac defects [Antshel et al., 2005].

Several additional large and rare CNVs have subsequently been implicated in the etiology of
schizophrenia [Szatkiewicz et al., 2014], however, mechanistic insight into pathways leading
from genotype to phenotype are not well understood. Many CNVs associated with
schizophrenia have also been shown to increase risk for other disorders, such as autism
spectrum disorders, intellectual deficit, developmental delay and epilepsy [McCarthy et al.,
2014]. Thus, when a CNV is implicated in one mental health disorder, conviction of its
causality is strengthened when it has already been implicated in another [Doherty and Owen
2014]. Several recurrent reciprocal 16p rearrangements have been implicated in psychiatric
disorders, including 16p11.2 [McCarthy et al., 2009] and 16p13.11 [Ramalingam et al.,
2011]. Patients bearing microdeletion and microduplications in 16p11.2 exhibit a range of
neurocognitive phenotypes, macro- and microcephaly respectively and a high incidence of
autism spectrum disorders, while microdeletions have also been associated with
schizophrenia [McCarthy et al., 2009]. Patients bearing deletions within the 16p13.11 region
have been reported to exhibit a spectrum of epilepsy disorders [Heinzen et al., 2010] in
addition to microcephaly, developmental delay, and a range of psychiatric disorders
[Nagamani et al., 2011] while duplications in this region have been reported in patients with
intellectual disability, autism, seizure disorders, dysmorphic features and congenital
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anomalies [Ramalingam et al., 2011]. Both deletion and duplication of the 16p13.11 region
have been implicated in adolescent and adult onset schizophrenia [Tropeano et al., 2013].

Here we describe two patients with childhood-onset psychosis who harbor CNVs at
16p13.11. The finding of childhood onset forms of a more typically young-adult onset
condition further strengthens the evidence that perturbed copy number at this locus may
contribute to the development of psychosis [Nagamani et al., 2011].

Clinical Reports

Patient #1—~Patient 1 is a 9-year-old boy with childhood onset psychosis. His mother was
treated with sertraline at the end of her pregnancy. He was born full term via vaginal delivery
with a birth weight of 3.69 kilograms. No neonatal or perinatal complications were reported.
At 5 years of age, the patient had an increased blood lead level of 9 meg/dL, which
subsequently normalized when the family moved residences. Variable intermittent exotropia
was noted by his psychiatrist but has not been confirmed by an ophthalmologist. An
electroencephalogram (EEG) done to assess staring spells was normal.

Patient 1 sat at 6 months, crawled at 8 months and took his first steps at 10 months. He has a
history of motor dyscoordination and received occupational and physical therapy in school.
He was trained for bowel and bladder continence at 4 years of age. He said his first word
other than "mama" and "dada" at 3.5 years of age, spoke in phrases at 4.5 years of age and
sentences at 5.5 to 6 years of age. At age 9 years he was found to be functioning in the
below-average range in nonverbal and spatial reasoning (SS = 81 and 83, 10th and 13th
centiles, respectively) and in the low range of verbal reasoning (SS = 71, 3rd centile).

Since earliest childhood, Patient 1 has had frequent tantrums with screaming episodes and
physical aggression. Around 6 years of age, the patient’s psychotic symptoms presented
with intermittent hallucinations and delusions progressing over the next several years to
daily auditory, visual and tactile hallucinations with considerable distress. These included
seeing aliens in trees, and multiple voices coming out of walls or the school intercom telling
him to hurt himself and others. He would see the visual hallucinations with his eyes open or
closed, and found it difficult to hear people speaking to him when he was experiencing
auditory hallucinations. He was diagnosed with childhood onset schizophrenia. The
hallucinations remitted within several weeks after starting risperidone.

Family history is significant for probable schizophrenia in Patient 1’s biological father. He
was not available and not tested for CNV. The patient’s mother has history of depression and
anxiety.

Social history was significant for physical abuse by the biological father to the biological
mother during her pregnancy and to Patient 1 during the first year of his life. The biological
father left the family when Patient 1 was one year of age.

Patient #2—Patient 2 is a 5-year-old girl diagnosed with Chiari type | malformation,
seizures, autism spectrum disorder, and childhood onset psychosis. She was 4.17 kilograms
at birth following a 38-week gestation pregnancy and was delivered by cesarean section due
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to concerns of maternal hypertension. Patient 2 began having staring spells at 1.5 years of
age and had a witnessed generalized tonic clonic seizure at approximately 3 years of age.
Her EEG was consistent with epilepsy of generalized onset, with sleep activated bioccipital
slowing and a photoparoxysmal response with generalized spike and wave complexes.
Oxcarbazepine failed to control her seizures and levetiracetam increased her behavioral
problems. Her seizures are currently controlled with lamotrigine.

An MRI of the brain was significant only for a Chiari 1 malformation for which she has
undergone two surgeries for decompression; the second procedure was conducted due to
concerns for an increasing syrinx. Her mother has described intermittent exotropia of both
eyes. An ophthalmologist did not observe an episode of exotropia during examination and
noted that variable intermittent exotropia was likely. She has a history of cyclic neutropenia
and episodes of hypoglycemia. She has no history of any hearing or vision problem.

Patient 2 began walking around 9 months. She started picking up objects with pincer grasp
around 14 months. Early Intervention Services began at 18 months of age and the early
intervention staff voiced concerns about behavioral dysregulation, speech and social skills,
as well as hyperactivity. Her first words were at 2.5 years, including “please” and “thank
you” and she had been using the signs for these beforehand. She did not have phrases until
she was almost 36 months old. Patient 2 was diagnosed by a Psychologist with expertise in
Autism Spectrum Disorders, using the DSM-1V-TR. She met criteria on the developmental
history and the Autism Diagnostic Observation Schedule (Module 2), and using the
comparison score, which is a measure of severity across modules [Gotham et al., 2009], she
scored a 10 out of possible 10. Consistent with this rating, Patient 2 requires very substantial
supports for social communication and fixated interests/repetitive behaviors. She received
applied behavioral analysis treatment with good results. She started full day programming at
47 months, including half of her time in an integrated classroom and half of her time in a
classroom for children with ASD, in addition to Occupational Therapy for 60 minutes a
week. A Mental Health Worker, Family Partner, Intensive Care Coordinator, and TILL
would also visit the house. Patient 2 now has good joint attention, which is the ability to
share a common focus (on people, objects, a concept, an event, etc.) with someone else, and
improved social interest and reciprocity. Her speech is still delayed, but testing at age 3
found her visual perception and fine motor performance to be in the average range.

Patient 2 began to report disturbing visual hallucinations at 4 years of age including
monsters, a big black wolf, a man with blood on his face, and spiders crawling in her ears.
She exhibited paranoia and suffered delusions that prevented her from sleeping in her
bedroom. She would wipe at her ears and say, "Get them out!" On other occasions, she
would scream and say that crackers where eating her hand. She additionally refused to sleep
in her room anymore, because she said, "It is waiting for me." She also started talking about
people staring at her. The intensity of the symptoms was reduced on medication, and the
frequency fell from daily to 2 or 3 times per week on risperidone, and then to only once
every few months on haloperidol.
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There is a family history of idiopathic seizures on both sides of her family: her father had a
history of photo-induced epilepsy, while her maternal grandmother was reported to have
"petit mal-like seizures”.

Social history is unremarkable.

METHODS

Each patient and available first generation relatives underwent phlebotomy for chromosomal
microarray analysis of peripheral blood lymphocytes (Claritas Genomics, Cambridge MA).
Whole exome sequencing was provided by Yale University Centers for Mendelian Genomics
on a lllumina HiSeq 2000 instrument with blood samples pooled 6 per lane. Libraries
(TruSeq DNA v2 Sample Preparation kit; lllumina, San Diego, CA) and whole exome
capture (EZ Exome 2.0, Roche) were performed according to standard protocols. FASTQs
were aligned by Codified Genomics (proprietary algorithm, Houston, TX).

Medical records of the patients and their families were collected by The Manton Center for
Orphan Disease Research, Gene Discovery Core under informed consent governed by the
Institutional Review Board of Boston Children's Hospital. A standard assessment was
performed, which documented physical features and recorded medical, developmental,
psychiatric, and family illness history, supplemented by medical records (Table I).

RESULTS

Patient #1

Patient 1 has a copy loss at 16p13.11 (minimum coordinates 15132264-15147411,
maximum coordinates 15048733-15179946). The size of the deletion is 15kb (min) to
131kb (max). This interval contains the genes PDXDC1, NTANI, and RRN3. The patient’s
mother does not have the copy loss. His father is thought to have schizophrenia, however,
was not available for testing. Thus, the mode of inheritance is either paternal or de novo.
Exome sequencing did not reveal any notable candidates in the patient or mother.

Patient #2

Patient 2 has a paternally inherited copy gain at 16p13.11 (min coordinates 14897761—
16276117, max coordinates 14780303-16458270). The gain is between 1.4 (min) and
1.7Mb (max) in size. This interval contains the genes NOMO1, NPIE, NTANI, PDXDCI,
RRN3, FLJ00285, MPV17L, C1l6orf45, KIAA0430, NDE1, miR484, MYH11, FOPNL,
ABCCI, and ABCCS6. The patient also has a de novo copy gain at Xq28 (min coordinates
152955334-152961664, max coordinates 152951719-152986547), between 6kb and 35kb
in size, containing SLC6A8and possibly BCAP31. Three full siblings do not exhibit either
CNV. Mother’s CMA was also normal. Father also had a small CNV at Xp22 (min
coordinates 781,817-1,113,726, max coordinates 777,877-1,118,362, (between 332 and
340kb)), that has been seen frequently in patients of diverse phenotypes, likely a
mismapping from the Y chromosome (Claritas Genomics, personal communication). Exome
sequencing did not reveal any candidate mutations of interest for the patient’s condition.
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DISCUSSION

Expansion of Previous Findings Related to the 16p13.11 Region

The 16p13.11 genomic region has been reported to be associated with developmental delay,
microcephaly, epilepsy, short stature, facial dysmorphism, behavioral problems, and
schizophrenia [Lipton and Sahin 2014; Mayer et al., 2004]. To our knowledge, this is the
first description of childhood onset psychosis associated with a deletion or duplication of
16p13.11. Previous studies reported an onset of psychosis at 15 years with the deletion [Rees
et al., 2014] and 12 years with the duplication at the broader locus 16p13.1 [Rees et al.,
2014]. Our patients exhibited significantly younger onset, as we note onset at 6 years of age
for the child with the deletion and 4 years for the child with the duplication.

A recent analysis of 16p13.11 CNVs in schizophrenia found 24 cases of 16p13.11
duplication or deletion out of 6882 in the case group (with schizophrenia) and 12 out of
6316 in the control group (without). This result reached borderline statistical significance, P
= 0.056. The authors combined their results with data from an earlier study, and determined
the statistical support for this locus in schizophrenia to 2= 5.7x107° [Rees et al., 2014].
However, the strongest evidence for this CNV being associated with schizophrenia comes
from a large sample study [Ingason et al., 2011] in which 4345 schizophrenia patients and
35,079 controls were analyzed for duplications and deletions at 16p13.1 (which contains the
16p13.11 region) by microarray. The authors found a threefold excess of duplications and
deletions in schizophrenia cases compared with controls, with duplications present in 0.30%
of cases versus 0.09% of controls (P= 0.007) and deletions in 0.12% of cases and 0.04% of
controls (P> 0.05). The same study proposed N7TANZI and NDE1 as candidate genes for
schizophrenia [Hosak 2013; Ingason et al., 2011]. NTANZ copy number is altered in both
patients detailed here, and NMDEZ is duplicated in the second patient.

Implication of NTAN1, PDXDC1, and RRN3 in the Observed Phenotypes

The two patients in this report share in common altered copy number of NTAN1, PDXDC1
and RRN3. Preclinical and clinical data are reviewed below that implicate dysregulation of
cellular pathways requiring these proteins in psychosis.

NTANL1 (N-terminal asparagine amidase) is a ubiquitously expressed enzyme that converts
N-terminal asparagine residues to aspartate through enzymatic deamidation [Cantor et al.,
2011]. The N-terminal aspartate residues are subsequently conjugated to arginine, which is
recognized by specific E3 ubiquitin ligases and targeted to the proteasome for degradation.
Genetically modified mice lacking the NVtan gene exhibit biochemical deficits in the
asparagine branch of the N-end rule pathway responsible for maintaining a shortened half-
life for select proteins with N-terminal asparagine residues [Kwon et al., 2000]. Ntanl
knockout mice(") are fertile and outwardly unremarkable, showing no evidence of any
abnormal motor function. However, neurobehavioral and cognitive testing has identified
deficits that bear resemblance to preclinical models of cognitive domains affected in
schizophrenia [Kwon et al., 2000]. NMtanI-/- mice have reduced exploratory behavior,
deficits in conditioned avoidance learning, and deficits in spatial working memory tasks as
the cognitive load is increased. These animals also display marked differences in social

Am J Med Genet A. Author manuscript; available in PMC 2017 May 01.



1duosnue Joyiny |ANHH 1duosnue Joyiny |IANHH

1duosnuey Joyiny |NHH

Brownstein et al.

Page 7

exploration compared to wild type mice [Kwon et al., 2000], although they have not been
characterized in conventional social interaction or social approach tasks typically associated
with autism animal models [Silverman et al., 2010]. Overactivity or underactivity of the
ubiquitin-proteasome system (UPS) would be expected to impair a wide variety of cellular
processes that contribute to synaptic function and plasticity including regulation of GABA
receptors [Crider et al., 2014], and cellular mechanisms that alter synaptic strength such as
dendritic spine dynamics [Jarome and Helmstetter 2013]. For example, it has been
demonstrated that the activity-dependent remodeling of dendritic spines requires the local
activity of the proteasome at activated synapses in order to support new dendritic spine
formation [Hamilton et al., 2012]. Multiple components of the proteasome pathway have
been additionally implicated in autism [Crider et al., 2014] and schizophrenia [Rubio et al.,
2013]. Another gene in this pathway implicated in intellectual disability is UBE3A. This
gene encodes the E3 ubiquitin ligase and contains causative mutations in Angelman’s
syndrome patients who also exhibit motor dysfunction and symptoms of autism spectrum
disorders.

PDXDC1 (Pyridoxal-Dependent Decarboxylase Domain-Containing Protein 1) has not been
associated with schizophrenia or other mental health disorders, but rather has been
associated with hearing loss [Haraksingh et al., 2014]. There is also evidence for the
association of SNPs in PDXDC1 with changes in inflammatory markers [Kraja et al., 2014].
The role of this ubiquitously expressed gene has not been explored in the brain.

RRN3, RNA Polymerase Transcription Factor, (or TIA-1A), encodes an essential initiation
factor for Pol | mediated transcription. The activity of this initiation factor is regulated by
phosphorylation by the mammalian target of rapamycin (MTOR). RRN3 represents the
primary target of the mTOR cascade involved in regulating transcription by limiting or
enhancing activity of RNA Pol | [Buttgereit et al., 1985; Schnapp et al., 1990]. Thus, RRN3
initiation factor is a key mTOR sensitive hub that enables coordinate regulation of RNA and
protein synthesis in response to the changing cellular environments [Lipton and Sahin 2014;
Mayer et al., 2004]. Although the RRN3 gene has not previously been associated with
psychiatric conditions, the dysregulation of the mTOR pathway has been implicated in a
spectrum of neurological and psychiatric conditions [Lipton and Sahin 2014]. Notably,
mutations in the Tuberous Sclerosis Complex (TSC), which provide regulated suppression of
mTOR activity, will lead to the TSC brain disorders that are characterized by unrestrained
MTOR activity at the cellular level and clinical presentations of aberrant cell growth,
seizures, and autism spectrum disorders. The mTOR pathway is critical to neuronal synaptic
plasticity by virtue of its role in coupling synapse specific activity to the local regulation of
protein synthesis in synaptic compartments needed for synaptic remodeling that strengthen
synapses and supports dendritic spine growth.

Thus, 2 of the 3 genes common across the 16p13.11 duplication/deletion region represent
critical components of pathways that impinge on local synaptic plasticity signaling pathways
at the synapse and have been previously associated with neurodevelopmental disorders. It
therefore seems possible that the disruption of both RRN3and NTANI could provide
synergistic dysregulation of synaptic plasticity pathways previously been linked to
neurodevelopmental disorders in patients with 16p13.11 CNVs.
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The use of cellular reprogramming techniques to create inducible pluripotent stem cells from
patients will provide future opportunities to functionally evaluate the potential consequences
of duplications and deletions. Future studies will explore the phenotypic profile of neurons
differentiated from iPSC lines and the functional integrity of these cellular pathways in
preparations derived from patients bearing these mutations.

Additional Genes of Interest Duplicated in Patient #2

The duplicated region of 16p13.11 in Patient #2 includes the gene NDE1. NDEL1 is thought
to regulate a range of key neurodevelopmental processes including neuronal migration and
differentiation. The cellular functions of NDE1 are regulated by its recruited binding
partners, including LIS1. L/S1 is a dosage-sensitive gene crucial for neuronal migration and
cerebral development that is known to underlie Miller—Dieker lissencephaly syndrome
(OMIM 247200). A key function of NDEL1 is to recruit LIS1 to dynein and promote
movement of dynein along microtubules, while it while it inhibits dynein motility in the
absence of LIS1 [McKenney et al., 2010; Shim et al., 2008].

Additional binding partners for NDE1 include the ‘Disrupted in Schizophrenia 1’ (DISC1)
protein [Bradshaw et al., 2008]. DISC1 is a well-established risk factor for schizophrenia
that acts as a scaffold for many other proteins and include additional schizophrenia risk
genes such as NDE1, NDEL1, and PDE4B. These proteins can assemble as a complex at the
post synaptic density to regulate function of NDE1 by virtue of PKA mediated
phosphorylation events on the NDE1 protein that are triggered by local PDE4B regulation
and will result in a loss of LIS1 from the regulated DISC1 complex. [Bradshaw et al., 2008].

DISC1 was first identified as a susceptibility gene for schizophrenia in a large Scottish
family that demonstrated co-segregation of a balanced (1;11) (q42.1;q14.3) translocation
with schizophrenia and related psychiatric disorders [Blackwood et al., 2001; St Clair et al.,
1990]. Genetic association with D/SCI has been demonstrated in independent study samples
for schizophrenia, neurocognitive and neuroimaging endophenotypes, suggesting that
DISC1 is most likely to be related to impaired cognitive ability observed in individuals with
schizophrenia and their families. Variants of NDE1 have been associated with schizophrenia
in patients possessing a D/SC1 haplotype that confers susceptibility to schizophrenia
[Hennah et al., 2007].

NdeI-null mice display defects in neuronal proliferation, neuronal migration, and show
microcephaly with thinning cortical layer and reduced numbers of neurons [Feng and Walsh
2004]. In the adult brain, Nde-1 is widely expressed in cortical neurons and subsets of
astroglia. It is also found within the stem cells in the adult subventricular zone. It has been
shown that the overexpression of Nde-1 in a hippocampal neural stem line will promote
neuronal differentiation while inhibiting astroglial differentiation, suggesting a potential role
for regulation of neuronal fate determination [Pei et al., 2014]. Thus, NDE1 and its
interaction partners are known regulators of key cellular functions during development, and
the altered expression levels of this gene during development could be hypothesized to
contribute to a predisposition for psychiatric disorders.
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Potential Role of Xq28 Duplication in Patient #2 with 16p13.11 Duplication

Interestingly, patient #2 with a 16p13.11 duplication also has a de novo duplication at Xq28.
There is not enough evidence to conclude whether the Xq28 variant is clinically significant,
and it is therefore classified as uncertain. This copy number variant (CNV) has not been
reported in currently available literature/database resources. SLC6A8 (OMIM 300036),
which is associated with cerebral creatine deficiency syndrome-1, is located within the
duplicated interval. Carrier females may have mild neuropsychologic symptoms [Calhoun
and Raymond 2014]. However, the effect of a duplication on this gene is unknown.

BCAP31 may be located in the duplicated interval, as it is contained in the “max”
coordinates. However, it is not a good candidate for the patient’s condition. While
hemizygous mutations in the BCAP31 gene are associated with deafness, dystonia, and
central hypomyelination, phenotypes have not been reported in females [Cacciagli et al.,
2013].

Most (~95%) CNVs are less than 500kb, and most CNVs are not known to cause disease, so
this may be a benign variant. This, combined with the fact that 16p13.11 is known to affect
mental health, leads us to conclude that the Xg28 duplication is not the root cause of the
patient’s condition. However, it is possible that it exacerbates or otherwise contributes to the
disorder in the patient. A recent study found that a second CNV greatly increases the
probability of a patient having a syndromic phenotype [Grayton et al., 2012]. This study
analyzed the genomes of 2312 children known to carry a copy-number variant associated
with intellectual disability and congenital abnormalities. 10.1% of affected children carried a
second large copy-number variant in addition to the primary genetic lesion. The authors also
found that syndromic disorders could be distinguished from those with extreme phenotypic
heterogeneity on the basis of the total number of copy-number variants [Grayton et al.,
2012].

CONCLUSIONS

This report presented the cases of two children with CNVs in 16p13.11 that developed
psychosis before the age of 7. The 16p13.11 deletion has been linked to typical adolescent/
adult onset psychosis but not previously to childhood onset psychosis. It has also been linked
to both intellectual disability, and autism spectrum disorders (ADHD) [Heinzen et al., 2010;
Ullmann et al., 2007]. While not previously linked to psychosis before age 12 years, the
broader 16p13.1 duplication containing 16p13.11 has been reported in association with
schizophrenia, intellectual disability/developmental delay, autism spectrum disorders and
attention-deficit hyperactivity (ADHD) [Heinzen et al., 2010; Ullmann et al., 2007].
NTANI1, RRN3 and NDEL are mechanistically implicated in neurodevelopmental processes
but as N7TANI and RRN3 are affected in both patients, this strengthens the case for the role
of these genes in childhood neurodevelopmental disturbances that could contribute to early
onset psychosis.
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Figurel.
Map of chromosome 16p13.11 illustrating locations of genes and extent of deleted and

duplicated sequences in the region. (A) Ideogram of human chromosome 16 (above) and
locations of transcripts for genes at 16p13.11 (middle) adapted from the UCSC Genome
Browser (http://genome.ucsc.edu/) based on genome assembly GRCh37/hg19. Below are
indicated the extent of deleted and duplicated sequences in patients 1 and 2 relative to
positions of genes along the chromosome. Grey boxes encompass minimum regions of copy
number variation and whiskers illustrate maximum potential areas of disruption. (B)
Expanded view of the region deleted in patient 1 illustrating areas of minimum and
maximum deleted sequences related to genes in the region.
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Table 1
Characteristics of 16p13.11 variations

Parameter Case#l Case #2
Psychosis yes yes
Age of psychosis onset 72 months 48 months
Microcephaly No No
Macrocephaly No No
Epilepsy No Yes
Global DD No Borderline or No

Learning disability

Below average

Yes (borderline)

Language delay Low average Yes
Hypotonia No No
Failure to thrive No No
Autism Spectrum Disorder No Yes
Cardiac defect No No
Dysmorphism clubfoot No

Abnormal MRI or EEG

Normal EEG, MRI not done

Abnormal EEG with sleep activated midline and left parietal spikes.
MRI with Chiari | malformation and holocord syrinx

Parent with mental health problems

Yes, father

No, but seizures and neurologic disorder

Strabismus

Variable Intermittent Exotropia

Variable Intermittent Exotropia

Other abnormality

club foot

Chiari | malformation

Height (on average)

5t percentile

Between 75 and 90t percentile

Weight (on average)

25t percentile

Above 97t percentile (due to medicine)
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