Pediatrics—Mental Retardation and Common Genetics Disorders
Mental Retardation


Mental retardation is defined as significantly sub-average general intellectual functioning existing concurrently with deficits in adaptive behavior/functioning in at least 2 of the following skills: communications, self-care, home living, and social/interpersonal skills, use of community resources, self-direction, functional academic skills, work, leisure, health, and safety.  The onset must occur before 18 years.  Patients are not really labeled until after 5 years of age; up to 5 years, it is considered a developmental delay.  Occurs in about 3% of the population.
Classification

1) Mild (“educable”) – IQ is 52-68.  Represents about 75% of the mentally retarded population.  Frequently not identified until they encounter academic problems.  As adults, they live fairly normal lives.  Able to live independently and have functional reading and writing skills.  Major deficit is judgment; thus may need guidance and assistance under usual social and economic stress
2) Moderate (“trainable”) – IQ is 36-51.  Represent about 20% of the retarded population.  Do not necessarily require custodial care but do require economic support and continuous supervision.  Capable of self-care and employment in a sheltered setting.
3) Severe – IQ is 20-35.  Little or no expressive skills.  Totally economically dependent and all require close supervision.  May profit from systemic habit training.  
4) Profound – IQ is <20.  50% of those affected are non-verbal.  Limited communication and self-care skills.  Require a structured environment with continuous care and supervision.  Often have associated complex medical needs and overt complicated handicaps.  May need nursing care
Etiology

1) Causes are varied

2) Only a minority of cases can be attributed to known biologic factor

3) Mild retardation is more prevalent among lower socioeconomic groups and it is rarely explained by biologic causes

4) Moderate and severe retardation are more evenly distributed throughout all socioeconomic groups and more frequently tend to have a biologic explanation.

5) Probable causes can arise from the following: metabolic causes from asphyxia at birth, hypoglycemia at birth, brain dysfunctions, cutaneous abnormalities, chromosomal abnormalities, teratogenic exposures, infections (CMV, HSV, rubella), fetal malnutrition, maternal HBP or kidney disease, prematurity, poor oxygenation to the brain, intracranial hemorrhage, MVA that caused trauma to the fetus, child abuse, severe nutritional deficiency, environmental exposures (lead), psychosocial deprivation
Assessment


The diagnosis is suspected because the child does not reach developmental milestones.
History

1) Family history of mental retardation

2) Details of pregnancy – problems during labor, delivery, and postnatal period

Physical

1) Head circumference

2) Dysmorphic features

3) Abnormal neurological examination
Developmental Testing

1) Developmental testing is unable to detect retardation during newborn period
2) Standardized psychometric testing after age 5 – developmentally delayed is a less specific term than mental retardation.  Does not depict future performance
Workup – perform in case of suspicions 
1) EEG

2) CT

3) MRI

4) Organic acids – usually performed through UA.
5) Thyroid profile

6) Chromosome analysis

7) PET scan (functional brain scan)
COMMON GENETIC DISORDERS


Genetic abnormalities are a common cause of disease, handicap, and death among infants and children.  1% of infants have hereditary malformation.  0.5% have inborn error of metabolism or chromosomal abnormalities
Prenatal Diagnostic Procedures


Prenatal diagnostic procedures allow detection of birth defects and genetic disorders prior to delivery and usually prior to the third trimester.
Maternal Serum—AFP


Maternal serum (AFP) measure a particular substance in the mother’s blood to determine if she has a higher chance of developmental abnormalities in the fetus.  Can be used as screening test from 16-18 weeks gestation.  May be offered to women even younger than 35 years of age.  Elevated levels suggest possibility of neural tube defects, fetal bleeding, or abdominal defects.  Low levels suggest possibility of Down’s syndrome or other trisomy defects
Fetal Ultrasound


Fetal ultrasound can examine fetal structures in utero.  Done from 18-22 weeks gestation.  Can evaluate causes of bleeding or other problems, checks for multiple gestations, confirms/reconfirms due date, and assesses fetal growth
Amniocentesis


Amniocentesis is performed from 15-18 weeks gestation.  Patients are asked to consider this if >35 years old or if blood test or family history suggests high risk of genetic disorders.  Procedure is offered where there is an X-linked disorder known to be carried by the mother.  99% accurate in detecting these problems and can also determine sex of the fetus.  A needle is inserted into the amniotic cavity through the abdominal and is.  Usually take about 30cc of fluid to analyze chromosomes.  Can be used to confirm AFP level, DNA markers, and fetal sex.

Complication 
1) 0.25-0.5%.  
2) Amniotic fluid leakage leading to spontaneous, needle puncture of the fetus, and infection may occur.

Indications 
1) Women >35 years old
2) Pregnant women with elevated or low maternal AFP levels
3) Women with prior history of having Trisomy 21
4) Families in whom the mother or father carries a balanced transreciprocal translocation or known autosomal or X-linked disease and therefore have a higher risk of genetic abnormalities 
Chorionic Villus Sampling


CVS is usually done in the 1st trimester from 8-11 weeks gestation.  Catheter is placed through cervix transvaginally under US guidance or needle can be placed transabdominally through the developing placenta.  Cells are aspirated through tube for evaluation.  
Complications

1) 1-1.5%

2) Greater risk in fetal loss and maternal-infant infections when compared to amniocentesis
Advantages

1) Early gestational age at which test is offered; therefore providing earlier options

Disadvantages

1) Not possible to perform amniotic fluid AFP testing due to CVS being performed too early in pregnancy

2) Only fetal cells are obtained

3) Results can be ambiguous

4) Necessitates further evaluation with amniocentesis 
Types of Genetic Testing


Chromosomal disorders occur where there is an excess or deficiency of chromosomal material.
Trisomy 13 (Patau Syndrome)

Trisomy 13 (Patau Syndrome) affects about 1/4,000-10,000.  75% of cases are due to free extra chromosome 13.  Relationship between occurrence of this and advanced maternal age.  Associated with severe birth defects such as microcephali, cleft lip, severe CNS malformations, CHD, and severe mental retardation.  Prognosis is poor with 50% of children dying before 1 month; 90% usually die before 1 year of age.
Trisomy 18 (Edward’s Syndrome)

Trisomy 18 (Edward’s Syndrome) occurs 1/8,000 live births.  Relationship between occurrence of this and advanced maternal age.  Patients are usually small for gestational age, hypertonicity (clenched fist of physical exam), rocker-bottom feet, hernias, and CHD.  Prognosis is poor with <10% of affected individuals surviving passed 1 year.  
Trisomy 21 (Down Syndrome)

Trisomy 21 (Down Syndrome) is the most common autosomal trisomy.  95% of these children have 47 chromosomes with 3 #21 chromosomes.  Occurs in 1/700 live births.  Risk of having a child with this rises dramatically after age 35.  Recurrence risk for parents is 1-2% unless age-related risk is greater.  

Characteristic Dysmorphic Features

1) Flat-facial profile

2) Flat nasal bridge
3) Small nose and mouth
4) Protruding tongue
5) Small chin
6) Short ears with abnormal ear lobes that are down-folded
7) Microcephali, flat occiput, hands and feet are marked by curved fifth finger
8) Simian crease
9) Gap between 1st and 2nd toes, 
10) Hypertonia.  
Functional Abnormalities
1) Between 40-50% have cardiac defects.  
2) May present with hypothyroidism; therefore must perform thyroid function tests every year on these patients.  
3) Leukemia occurs frequently in this general population.  
4) Dementia in 3rd-4th decade may occur.  
5) Respiratory infections, hearing and vision problems are common.  
6) Males are nearly sterile; females can reproduce but usually have problems ovulating and early menopause.  
Prognosis

1) Patients may go well into adulthood.  
2) Many conditions are monitored by caregivers and social works
SEX CHROMOSOME DISORDERS

Turner Syndrome (XO)


Turner’s syndrome (XO) in 1/2500 newborn girls.  Only one X chromosome exists.

Features

1) Dysmorphic webbing of neck

2) Short stature

3) Multi-pigmented nevi

4) Shield-shaped chest

5) Lymphedema of hands and feet at birth

Functional Abnormalities

1) Gonadal degenesis in 100% of girls

2) Primary amenorrhea with lack of pubertal development due to absence of ovarian hormone

3) Tumors of gonads – gonadoblastoma

4) Renal abnormalities (40%) – duplication system or horseshoe kidney

5) CHD (20%) – COA is the most common
6) Learning disabilities

7) Autoimmune thyroiditis

Prognosis

1) Depends on type and severity of malformations

2) Lifespan are normal for most
Klinefelter Syndrome (XXY)


Klinefelter syndrome (XXY) occur in 1/1,000 newborn boys.  Due to extra X chromosome
Clinical Features

1) Taller than average with arm span greater than height

2) Gynecomastia in puberty

3) Diminished gonadal hormones
MENDELIAN DISORDERS


Mendelian disorders occur where there is an abnormality or mutation of a single gene.
Autosomal Dominant

Any individual with an autosomal dominant disorder as a 50% chance of passing on the mutant gene to their children.

Rules of Autosomal Dominant Disorders

1) Rule 1 – trait appears in every generation

2) Rule 2 – each child of an affected individual has a 50% chance of being affected

3) Rule 3 – unaffected persons will have children who are also not affected

4) Rule 4 – males and females are equally affected because the mutation is on an autosomal chromosome, not a sex chromosome

5) Rule 5 – affected male can transmit the mutation to a son
Achondoplasia


Achondoplasia affects the cartilaginous derived bone.  Occurs in 1/1200 births.  Most common bone dysplasia in humans.  90% of individuals are born to parents of normal stature.  Advanced paternal age has been associated with these mutations.

Abnormalities
1) Short stature with shortening of limbs

2) Macrocephali 
3) Flat facies with prominent forehead
4) Numerous psychosocial problems
5) Normal intelligence
Prognosis

1) Normal life-span

Neurofibromatosis – von Recklinghausen’s Disease


Neurofibromatosis, or von Recklinghausen’s Disease, is the most common type of neurofibromatosis syndrome.  Two distinct forms: NF-1 defect occurs on chromosome 17; NF-2 defect occurs on chromosome 22 (less common than NF-1 occurring in only about 10%).  Commonly known as Elephant Man’s disease.

Abnormalities

1) >6 café-au-lait spots
2) Axillary freckling and Lisch nodules in NF-1 – not usually seen in NF-2

3) Astrocytoma (10%), cranial-facial disfigurement, pseudoarthritis in NF-1

4) NF-2 involves CN VIII
Autosomal Recessive


Autosomal recessive disorders occur when 2 genes together are needed manifest the disease
Sickle Cell Disease


Sickle Cell Disease is when each individual a hemoglobin gene from each patient.  Most common hemolytic anemia in AA population.  If two individuals have the trait, they have a 50% chance of passing trait onto the offspring; 25% of passing the disease onto the offspring.  Characterized by chronic hemolytic anemia with acute episodes of pain due to occlusion of the vessels.  


Infection is the most common cause of hospitalization due to splenic dysfunction.  Must over-hydrate this patient, manage pain, and put them on antibiotics.  May consider transfusion.
Beta-Thalassemia 


Beta-Thalassemia is a.k.a. Cooley’s anemia.  Most common in patients with Mediterranean background.  During first year, child may develop severe hemolytic anemia associated with splenomegaly.  


Diagnosis is made via hemoglobin electrophoresis where the hemoglobin A is either reduced or absent.  


Treatment is transfusion with PRBC.  May consider splenectomy if need excessive transfusions.  
Cystic Fibrosis


Cystic Fibrosis is a disease of exocrine glands which leads to very viscous secretions.  GI or respiratory symptoms are common with these people.  Inherited as autosomal recessive trait.  


Symptoms include recurrent pneumonia, intestinal malabsorption, infertility in males (5%), and poor growth.  Females may have intermittent amenorrhea with reduced fertility.


Diagnosis is via sweat test (>60).  Life expectancy is around 25 years.  
X-Linked Dominant


In X-linked dominant disorders, consider that the defect gene is dominant; thus showing up in 50% of the offspring’s.  Only one defected gene is needed to give the disease.
Cerebral Palsy


Cerebral Palsy refers to a motor deficient due to non-progressive (static) lesion of the immature brain.  Etiology is idiopathic in 70% of cases.  20% are correlated to prematurity, cerebral anoxia, or trauma.  Signs include hemiplegia, paraplegia, diplegia, quadriplegia, spasticity, ataxia, and dyskinesia.  Associated problems include epilepsy, mental retardation, behavioral problems, learning disabilities, and strabismus.  

Diagnosis is made on history on non-progressive motor delay, hyperactive reflexes, abnormal movements, abnormal persistence or absence of infantile reflexes.


Treatment consists of physical therapy and possible orthopedic intervention.
X-Linked Recessive


In X-linked recessive disorders, one X gene carrying the defect by itself will produce the disease when combined with a Y; whereas if the defected X gene is combined with a normal X gene, the disease will not be produced.  Women can be unaffected but carry the mutant gene.  Includes hemophilia.
Fragile X syndrome

Fragile X syndrome is a single mutation on the X chromosome.  The MCC of inherited mental retardation; usually only mild or borderline.  Can be pre-screened in pregnancy.
Duchene Muscular Dystrophy

Duchene muscular dystrophy is characterized by progressive muscle weakness, seen first in the proximal muscles.  Patients are wheelchair bound by age 12.  Prognosis is poor; patients die by age 25 due to CHF or pneumonia.  Symptoms begin at 2-4 years.  Independent walking may be delayed.  Toddlers may be seen tippy-toeing, which may be an early sign of this disease.  
Metabolic – Inborn Errors of Metabolism


Inborn errors of metabolism are disorders of carbohydrate metabolism where there is a mutation or deletion of a gene causing a deficiency of a certain enzyme.
G6PD Deficiency


G6PD Deficiency is an X-linked inherited disorder.  Most common red cell enzyme defect that causes hemolytic anemia.  Occurs in high frequency in AA, Mediterranean, and Asian ancestry.  Persons have episodic hemolysis at times of exposure to oxidant stress, infection, foods, or drugs (sulfa drugs).  Enzyme deficiencies cause hyperbilirubinemia in the newborn.  Anti-malarial drugs and fava beans may also cause exacerbations.  
Galactosemia


Galactosemia is caused by a complete deficiency of galactose-1-phosphate.  Inherited autosomal recessive disorder.  Newborns experience excessive vomiting, jaundice, hepatosplenomegaly.  Symptoms are usually seen after ingesting milk because they cannot digest fructose.  
Disorders of Amino Acid Metabolism

Phenylketoneuria (PKU)


Phenylketoneuria (PKU) is due to decreased activity of phenylalanine hydroxylase, which converts phenylalanine to tyrosine.  Urine usually has a mousy or musty odor.  
Maple Syrup Urine Disease (MSUD)


Maple Syrup Urine Disease (MSUD) is due to an enzyme deficiency.  Patients are normal at birth but develop characteristic odor, lethargy, feeding difficulties, possible coma, or may have seizures.  By 10 days of age, if left untreated it is fatal.

Treatment includes dietary limitation and monitoring of serum levels.  
