ANSWERS Board Review – October 5, 2009
METABOLIC DISORDERS
1.  Question 120 (2008)
The parents of a child in your practice call you for advice after learning that the husband 's newborn niece has been diagnosed with a rare inborn error of metabolism. The mother of your patient is 16 weeks pregnant with their second child. They ask you whether their new baby will be affected. These parents are not related to one another, and the wife is not related to the mother of the affected newborn. You refer them for genetic counseling.

Of the following, the risk for this same metabolic condition to affect the unborn child is CLOSEST to

a) <1%

b) 5%
c) 10%
d) 25%
e) 50%
ANSWER:  A

Most inborn errors of metabolism are inherited in an autosomal recessive pattern. A few notable exceptions are Hunter syndrome (mucopolysaccharidosis type II) (X-linked), ornithine transcarbamylase (OTC) deficiency (X-linked), acute intermittent porphyria (autosomal dominant), and the mitochondrial myopathies (most of which are autosomal recessive, although some are due to mutations in the mitochondrial genome).

Assuming that the husband's niece in the vignette has an autosomal recessive condition, the clinician needs to calculate the "worst case scenario" risk for the parents who are calling for advice. Ideally, one would know the incidence of the disease in question, but the description "rare" suggests that an incidence of 1 in 10,000 to 1 in 50,000 is a reasonable estimate. Each parent of the affected child is a known carrier, and the likelihood that each of that parent's siblings (including the patient's father) is a carrier is 50% (½).

Because the pregnant mother has no family history of the condition in question and is not related to her husband, her risk of being a carrier is the same as the general population risk, which is 2 times the square root of the disease incidence (2 x the square root of 1/10,000), which is 1/50.

The likelihood that these two individuals would have an affected child is calculated as ½ x 1/50 x ¼ (the final fraction is the likelihood that two carriers for a recessive condition would have a child who has that condition), which equals 1/400 (<1%).

2.  Question 72 (2008)
Parents who are new to your area bring their 4-year-old son to your office for evaluation of poor growth and developmental delays. They say that he was growing and developing normally until about 2 years of age. He now has a few single words. You review his records and note that his height was at the 50th percentile at age 2, and it is at the 10th percentile today. The occipitofrontal circumference is at the 97th percentile. On physical examination, the boy has dark and heavy eyebrows, full cheeks (Item Q72A), and full lips. His hands are broad, and his fingers are stubby and cannot be fully straightened (Item Q72B). There are flesh-colored nodules over the scapular regions and hepatosplenomegaly. A review of the family history reveals that the mother had two maternal uncles who died in mid- to late childhood of unknown causes.
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Of the following, the condition that is MOST consistent with this child 's presentation is
a) glycogen storage disease, type 1

b) Hunter syndrome
c) Hurler syndrome
d) I-cell disease
e) Sanfilippo syndrome

ANSWER:  B
The mucopolysaccharidoses (MPSs) comprise a group of genetic disorders characterized by progressive physical deformation and, in some cases, cognitive limitation due to the abnormal production or function of certain lysosomal enzymes. These enzymes are required for the breakdown of glycosaminoglycans (GAGs), previously called mucopolysaccharides. When the enzymes are lacking, ongoing lysosomal storage of GAGs ultimately leads to destruction of the cell. The MPSs are chronic conditions that result in the progressive deterioration of multiple systems.

Classification of the MPSs is somewhat confusing because the disorders have eponymous names that were assigned before the genetics and variability of the conditions were known. Each condition has a range of manifestations. All of the MPSs are inherited in an autosomal recessive pattern, except for Hunter syndrome (MPSII), which is X-linked.

The severe form of Hunter syndrome typically presents between 2 and 4 years of age. In addition to the characteristic coarsening of the facial features common to most of the MPSs as well as dysostosis multiplex (skeletal radiographic findings include a flared rib cage, anterior vertebral wedging, and a J-shaped sella turcica), organomegaly, and progressive joint contractures, affected boys develop a "pebbly" appearance to the skin. Such skin findings commonly are appreciated over the scapulae, as described for the boy in the vignette, and often are self-limiting. The diagnosis is based on the finding of reduced iduronate sulfatase activity in white blood cells or skin fibroblasts.

Hurler syndrome, the severe form of MPSI, typically presents in the first 2 postnatal years with deceleration of growth and development, progressive facial coarsening, hirsutism, hepatosplenomegaly, cloudy corneas (Item C72A), and findings consistent with dysostosis multiplex. The diagnosis is based on the finding of reduced alpha-L-iduronidase activity in white blood cells.

Sanfilippo syndrome (MPSIII) is unique among the MPSs in that affected individuals may have only minimal facial coarsening and may not have organomegaly or dysostosis multiplex. However, they have progressive reduction in cognitive function. Each of the four subtypes of Sanfilippo syndrome (A through D) has a distinct enzyme deficiency that can be diagnosed by analyzing lysosomal enzyme activity in white blood cells.

I-cell disease (also called "Leroy" I-cell disease or mucolipidosis II) is caused by deficiency of the enzyme N-acetylglucosaminyl-1-phosphotransferase, resulting in abnormal processing of lysosomal enzymes such that they cannot be recognized and taken up by the cell. Affected children present at birth with coarsening of the facial features, dislocated hips, clubfeet, and hernias. There is progressive contraction of the joints and severe mental retardation. The life expectancy is 2 to 10 years. Diagnosis is based on lysosomal enzyme assay in cultured fibroblasts.

Glycogen storage disease, type 1, or von Gierke disease, is caused by a deficiency of glucose-6-phosphatase, which results in glycogen storage in the liver, kidneys, pancreatic islet cells, and intestinal mucosa. Affected individuals may have hepatomegaly at birth, but the spleen is normal in size. Linear growth is retarded, and the children are at risk for recurrent hypoglycemia. Facial features are normal. Diagnosis is predicated on the finding of large amounts of glycogen in hepatocytes, followed by molecular genetic testing.

3.  Question 232 (2007)
A 4-month-old child is admitted to the hospital for evaluation of failure to thrive and generalized seizures. On physical examination, the child appears wasted and has a protuberant abdomen and marked hepatomegaly. Laboratory evaluation reveals fasting hypoglycemia, lactic acidosis, hyperuricemia, and hyperlipidemia. The boy's parents are first cousins. 

Of the following, the BEST long-term management of this disorder is

a) oral dietary supplementation with long-chain fatty acids

b) oral dietary supplementation with protein
c) regular intravenous administration of 10% dextrose in water
d) regular intravenous administration of glucagons
e) regular oral administration of cornstarch
ANSWER:  E

The child described in the vignette has glycogen storage disease type I (GSD I) or von Gierke disease. GSD I is an autosomal recessive disorder resulting from deficiency of glucose-6-phosphatase. Consequently, the final step in the catabolism of glycogen to glucose is impeded. Excess accumulation of the substrate glucose-6-phosphate results in increased lactate production. Hepatomegaly, which is sometimes evident at birth, is progressive, and linear growth is delayed. 

Infants who have GSD I typically present when they begin to sleep through the night. The prolonged fasting associated with the increased sleep pattern results in hypoglycemia, and affected children may present with irritability, pallor, and seizures. In addition to hypoglycemia, metabolic derangements include lactic acidosis, hyperuricemia, hyperlipidemia, and ketonuria, as reported for the boy in the vignette. A number of renal complications can occur, and some patients develop renal failure. 

Diagnosis of GSD I is based on the near-to-complete absence of the enzyme glucose-6-phosphatase in liver tissue. Open-liver biopsy frequently is preferred to needle biopsy to ensure attainment of an appropriate specimen and to control bleeding, which may be excessive. Once the diagnosis is established, molecular genetic testing is available. 

Treatment is twofold: avoidance of fasting and frequent administration of carbohydrates. Supplementation with long-chain fatty acids and protein is not necessary because affected individuals do not have difficulty metabolizing them. In infants, nasogastric feedings may be useful at night. Uncooked cornstarch provides for the slow release of glucose and is a mainstay of treatment in infants and children. Glucagon administration is not helpful due to the inability to break down glycogen effectively. Intravenous 10% dextrose and water is cumbersome and difficult over the long term.

Refer to following text for answers to these questions:  http://pedsinreview.aappublications.org/cgi/reprint/15/9/359?maxtoshow=&HITS=10&hits=10&RESULTFORMAT=&author1=greene&andorexactfulltext=and&searchid=1&FIRSTINDEX=0&sortspec=relevance&resourcetype=HWCIT
4.  Question 15 (PIR quiz 1994)
You have just received the results of the screening program for congenital hypothyroidism for one of your newborn patients.  The T4 concentration is low and the TSH level is elevated.  These findings suggest

a) laboratory error

b) prematurity

c) primary hypothyroidism

d) secondary hypothyroidism

e) thyroxine-binding globulin deficiency

ANSWER:  C

5.  Question 16 (PIR quiz 1994)
You are asked to see a 5 day old boy who has become increasingly lethargic and unresponsive.  He is severely acidotic and has hyperammonemia.  You suspect a metabolic disorder.  

Each of the following would be appropriate management EXCEPT

a) dialysis

b) intravenous administration of arginine

c) intravenous administration of bicarbonate

d) intravenous administration of glucose

e) intravenous administration of vitamin B12
ANSWER:  E

6.  Question 17 (PIR quiz 1994)
Liver transplantation is the only approved effective treatment for which of the following

a) carnitine deficiency

b) glycine encephalopathy

c) hereditary tyrosinemia

d) isovaleric academia

e) maple syrup urine disease

ANSWER:  C

7.  Question 18 (PIR quiz 1994)
The mode of inheritance for most metabolic disorders in the newborn is

a) autosomal dominant

b) autosomal recessive

c) multifactorial

d) X-linked dominant

e) X-linked recessive
ANSWER:  B

Refer to following text for answers to these questions:  http://pedsinreview.aappublications.org/cgi/reprint/30/4/131?maxtoshow=&HITS=10&hits=10&RESULTFORMAT=&fulltext=inborn&searchid=1&FIRSTINDEX=0&sortspec=relevance&resourcetype=HWCIT
8.  Question 5 (PIR quiz 2009)
On the second day after birth, an initially vigorous term infant begins to feed poorly, develops tachypnea, and becomes increasingly less responsive to stimulation.  No other abnormal findings are detected on physical examination.  Chest radiograph appears normal.  Laboratory evaluation reveals a normal complete blood count; differential count; pH; and serum electrolytes, glucose and lactate.  Serum ammonia concentrations are high and urine ketones are absent. 

Of the following, the MOST likely explanation is

a) fatty acid oxidation defect

b) organic acidemia

c) renal tubular acidosis

d) sepsis

e) urea cycle defect
ANSWER:  E

Ammonia values may be elevated in a number of disorders, including urea cycle defects, some organic acidemias, and fatty acid oxidation defects that may present with a Reye-like syndrome (vomiting, elevated liver transaminases, hyperammonemia, coma). The organic acid disorders can be distinguished by the presence of acidosis. Fatty acid oxidation defects generally create hypoglycemia, which the urea cycle defects do not.
9.  Question 6 (PIR quiz 2009)
On the second day after birth, an initially vigorous term infant begins to feed poorly, develops tachypnea, and becomes increasingly less responsive to stimulation.  No other abnormal findings are detected on physical examination.  Chest radiograph appears normal.  The complete blood count and differential count are normal.  The pH is low, serum ammonia value is high, sodium and chloride values are normal, potassium is elevated, bicarbonate is low, serum glucose is low, and serum lactate is slightly elevated.  Ketones are present in the urine.

Of the following, the MOST likely explanation is

a) fatty acid oxidation defect

b) organic acidemia

c) renal tubular acidosis

d) sepsis

e) urea cycle defect
ANSWER:  B
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10.  Question 7 (PIR quiz 2009)
A previously healthy 2 month old girl rapidly becomes comatose shortly after the onset of an apparent upper respiratory tract infection.  Aside from clear nasal discharge and coma, findings on her physical examination are unremarkable.  Chest radiography appears normal.  Laboratory findings include a normal complete blood count and differential count, pH serum electrolytes, and serum lactate.  Serum ammonia values are high and serum glucose is low.  There are ketones are in the urine.  

Of the following, the MOST likely explanation is

a) fatty oxidation defect

b) organic acidemia

c) renal tubular acidosis

d) sepsis

e) urea cycle defect

ANSWER:  A
Refer to table in above answer.

11.  Question 8 (PIR quiz 2009)
A 12 month old boy who has had progressive loss of developmental milestones over the past 6 months is found to have a cherry red spot on examination of each retina.  

He MOST likely suffers from a disorder of

a) glycoprotein synthesis

b) glycosylation

c) lysosomes

d) mitochondria

e) peroxisomes

ANSWER:  C
Corneal abnormalities such as opacities can be seen in MPS I and VI, Wilson disease, galactosialidosis, cystinosis, Fabry disease, and tyrosinemia (ocular form). Homocystinuria and Marfan syndrome are associated with lens dislocation, as are molybdenum cofactor deficiency, sulfite oxidase deficiency, contractural arachnodactyly, and Marshall syndrome. Cherry red spots are found in a number of lysosomal storage diseases due to the accumulation of storage material in the retina, which causes paleness but a normal-appearing fovea, resulting in a central "spot." This finding is associated with Tay-Sachs disease (GM2 gangliosidosis), GM1 gangliosidosis, sialidosis, Niemann-Pick disease, Farber disease, galactosialidosis, and metachromatic leukodystrophy. 
12.  Question 9 (PIR quiz 2009)
Physical examination of a newborn reveals a high forehead, flat occiput, large anterior fontanelle, hypoplastic supraorbital ridges, epicanthal folds and micrognathia. 

The infant MOST likely has a disorder of

a) amino acid metabolism

b) fatty acid oxidation

c) glycogenolysis

d) lysosomes

e) peroxisomes

ANSWER:  E
Only a few disorders present at birth or soon after with dysmorphic features: some of the lysosomal storage disorders, Sly syndrome, sialidosis, galactosialidosis, GM1 gangliosidosis, and Krabbe disease, as well as Pompe disease, which is a lysosomal disorder, although usually included with the GSDs. Peroxisomal disorders generally are associated with dysmorphic features characterized by the Zellweger spectrum (high forehead, flat occiput, large anterior fontanelle, hypoplastic supraorbital ridges, epicanthal folds, broad nasal bridge, anteverted nostrils, and micrognathia).  Finally, many of the CDG exhibit dysmorphic features (large ears, strabismus, abnormal fat distribution).
13.  Question 213 (2006)
On examination of a 7 year old boy during his health supervision visit, you note that he has grown less than 1 in (1.5 cm) in the past year and that he seems somewhat pale.

Of the following, the BEST test(s) to check for hypothyroidism is(are) measurement of

a) triiodothryonine (T3)

b) T3 and thyroid-stimulating hormone (TSH)

c) Thyroxine (T4) and T3

d) T4 and TSH

e) TSH

ANSWER:  D

Although hypothyroidism in adults usually is primary (related to failure of the thyroid to function), there is an increased chance of secondary (pituitary) or tertiary (hypothalamic) hypothyroidism in children.  For the reason, it is important to evaluate both circulating levels of thyroxine (T4) and the function of the hypothalamic-pituitary axis (via thyroid-stimulating hormone [TSH]).  TSH is elevated in primary hypothyroidism, but is usually is in the normal range in secondary or tertiary hypothyroidism.  
Measurement of triiodothyronine (T3) is not a good test for hypothyroidism.  T3 is synthesized in part by the thyroid, but most circulating T3 is derived from peripheral conversion of T4.  The enzyme responsible for peripheral conversion is insulin-sensitive.  Therefore, levels of T3 are lower in the fasting state or with illness and higher with obesity or in the well-fed state.  T3 levels may be in the normal range when a child has hypothyroidism.  The T3 sometimes is confused with the T3 resin uptake (T3RU), an indirect measure of circulating T4 that that estimates serum binding proteins.  Comparison of T4 and T3RU allows estimation of the circulating free T4.  Today, many laboratories offer an accurate free T4 test that measures circulating, nonprotein-bound T4, which is the available form of the hormone.  If a free T4 test is available and trustworthy, the free T4 and TSH comprise an even better screen for hypothyroidism than T4 and TSH.  However, the clinician must be assured that the free T4 assay in the local laboratory is reliable before using this test to diagnose hypothyroidism.
14.  Question 14
Which consulting service can you reach by calling 8-3335 and who can you reach by calling there?

a) Genetics, Dr. Greene

b) Genetics, Dr. Kaplan

c) Genetics, Megan

d) Genetics, Jess

e) All of the above

ANSWER:  E

Self explanatory.
