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1.
You have a new patient consult in clinic this morning. The referral packet includes the newborn screen report, which is flagged abnormal hemoglobinopathy screen, F, A, Bart’s, refer to hematology, and a complete blood count done at 4 years of age with a hemoglobin of 10 g/dL and an MCV of 68. The pediatrician has informed the parents the child has some form of alpha thalassemia. The older brother had the same newborn screen results but had a normal complete blood count when checked. The mother wants to know why her second child has an abnormal complete blood count when she and her husband do not have any blood problems. How would you respond to the child’s mother?
A. The mother and father are both silent carriers and each passed a deleted alpha globin allele to their child. The child inherited a trans-deletion genotype alpha thalassemia trait.
B. The mother has cis deletion alpha thalassemia and the father has no alpha globin deletion, giving the child alpha thalassemia trait.
C. Neither parent has an alpha globin deletion; this was a new spontaneous mutation causing alpha thalassemia in the child.
D. Both parents carry cis deletions in the alpha globin gene cluster. 
Explanation
Alpha globin deletions causing alpha thalassemia minor may be inherited in the cis (deletion on the same allele) or trans (deletion on both the maternal and paternal allelles). Option A is the correct answer because individuals with one deleted alpha globin are called silent carriers and will have no hematologic abnormalities on complete blood count. Hemoglobin Bart’s is only detected at or near birth. If the offspring inherits both parental alleles with one missing alpha globin gene, the child will still inherit two functioning alpha globin, which is consistent with alpha thalassemia trait. Option B is incorrect because if the mother has a cis deletion, then she only has two functioning alpha globin, which would cause changes to her complete blood count, and she would have alpha thalassemia trait and not be a silent carrier. Option C is incorrect because the spontaneous loss of two alpha globin genes, one from each parental gamete, would be statistically unlikely, or the loss of two alpha globin on the same allele for one parental gamete. Option D is incorrect because (a) the parents would have abnormal blood counts, and (b) they have one child who had hemoglobin Bart’s but now has a normal complete blood count. 
2.
A family presents to you with a newborn baby who was recently found to have a form of sickle cell disease on newborn screening. The parents are upset because their obstetrician told them that they could not have a baby with sickle cell disease because only the mother had sickle cell trait on preconception testing. The father was tested for sickle cell trait before conception, and he did not have it.
Assuming the results of the sickle cell trait testing were correct and that the father without sickle cell trait is indeed the biological father, what type of hemoglobin abnormality could the father have to explain the occurrence of sickle cell disease in his child?

A.
G6PD deficiency

B.
Alpha-Thalassemia trait

C.
Beta-Thalassemia trait
D.
Hereditary elliptocytosis

E.
Hb G Philadelphia trait 
Explanation
Even when only one parent has sickle cell trait, couples can still produce children with sickle cell disease. They will not have a child with homozygous SS disease, but they can have children with a compound heterozygous forms of sickle cell disease, such as sickle–hemoglobin C disease (Hb SC), sickle-(+-thalassemia (Hb S(+), or sickle-(0-thalassemia (Hb S(0). A negative test for the presence of Hb S, whether by isoelectric focusing, high-performance liquid chromatography, or Sickle-Dex, does not exclude the presence of other abnormal hemoglobins or thalassemia. G6PD deficiency and hereditary elliptocytosis, both common among African Americans, do not interact with sickle cell trait to produce a form of sickle cell disease. Alpha-thalassemia trait and Hb G Philadelphia trait are both abnormalities of the alpha-globin locus, but the coinheritance of Hb S with certain other beta-globin abnormalities is needed to produce forms of sickle disease. Among the possible answers, only beta-thalassemia trait is a beta-globin abnormality. Therefore, the child in question has a form of sickle-beta-thalassemia.
3.
A 14-year-old Syrian male with beta thalassemia major has relocated to your community as a refugee. He has been receiving chronic transfusion therapy in Turkey for the past 3 years. On his first visit, you notice that his height is below the fifth percentile. He has skin discoloration and hepatosplenomegaly. His mother reports they have not had regular access to chelation therapy. Laboratory testing shows a serum ferritin of 6,200 ng/mL. A cardiac MRI shows grossly normal cardiac function but a T2* value of 9 ms.
What is the most likely cause of his short stature?
A. Lack of regular blood transfusion causing growth failure
B. Cirrhosis and liver failure

C. Ineffective erythropoiesis and chronic anemia
D. Growth hormone deficiency due to iron deposition in the pituitary
E. Adrenal insufficiency

Explanation

Iron overload damages a number of tissues, including the liver, heart, and endocrine glands. Hepatic toxicity includes fibrosis, cirrhosis, and liver failure. Endocrinopathies include diabetes mellitus, growth hormone deficiency, hypogonadism, hypothyroidism, and adrenal insufficiency. Recommended routine care of thalassemia includes monitoring of thyroid hormone, parathyroid, and vitamin D starting at age 6 years and to add sex hormones such as testosterone, estradiol, LH, and FSH from age 10 years through puberty.
4.
You have a 15-year-old patient with (-thalassemia. You stain her peripheral blood with brilliant cresyl blue (BCB) and see the following:
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What is the most likely composition of these red cell inclusion bodies?

A.
Hemoglobin H
B.
Hemoglobin Bart’s

C.
Oxidized, denatured hemoglobin
D.
Ribosomal RNA

E.
Nuclear remnants

Explanation
This patient has 3–gene deletion (-thalassemia, which is called Hb H disease. Intracellular Hb H (ß globin tetramer) aggregates can be visualized by supravital staining of RBCs, such as with BCB. Although patients with Hb H disease may have some Hb Barts, it is not present in such high abundance beyond early infancy. Aggregates of oxidized, denatured hemoglobin can be visualized by a Heinz body preparation, which also is a supravital stain, but Heinz bodies are more irregular, fewer in number per cell, and present at the periphery of the cell. Heinz bodies are seen with unstable hemoglobin and with the oxidative injury that occurs with G6PD deficiency. Basophilic stippling is the result of aggregation of ribosomal RNA, which yields small punctate inclusions unlike these large aggregates. Howell-Jolly bodies are nuclear remnants and appear as infrequent, almost perfectly round, dark purple inclusions. Supravital staining is not necessary to visualize basophilic stippling or Howell-Jolly bodies.

5.
A colleague refers to you a 1-month-old child born at 37 weeks’ gestation whose newborn screening for hemoglobinopathies showed an “FS” pattern, indicating the presence of Hb F and Hb S and no other detectable hemoglobin types. You inform the parents that this child has a form of sickle cell disease.
Which of the following diagnoses is consistent with the “FS” pattern?

A.
Sickle cell anemia (Hb SS)

B.
Sickle-β0-thalassemia (Hb Sβ0)

C.
Sickle-β+-thalassemia (Hb Sβ+)

D.
Hb S/gene deletion hereditary persistence of fetal hemoglobin (Hb S-HPFH)

E.
All of the above
Explanation
An “FS” pattern probably indicates sickle cell anemia or homozygous Hb SS because it has a higher prevalence than the other compound heterozygous options. An “FS” pattern also is consistent with two other diagnoses in which Hb S is the only major adult hemoglobin that is produced. These are sickle-β0-thalassemia (Hb Sβ0), in which the thalassemic (-globin allele (β0) is a nonfunctional allele, and compound heterozygosity for Hb S and gene deletion HPFH (Hb S-HPFH), in which the non-βS allele is deleted. Although sickle-β+-thalassemia (Hb Sβ+) typically produces an “FSA” pattern, occasionally the amount of Hb A that is produced by a newborn is lower than the limits of detection by standard clinical methods (eg, high-performance liquid chromatography or hemoglobin electrophoresis). When this happens, an “FS” pattern is visualized at birth, but the small amount of Hb A that is produced by the β+ allele will become detectable during the first few months of life.
6.
A 7-year-old Hispanic male is referred to the hematology consult service by his pediatrician because of concern for hemoglobinopathy. In his records, you find a hemoglobin electrophoresis performed last year which shows hemoglobin A 78% and hemoglobin F 22%. His complete blood count is normal, and he has normal growth and development. Which of the following is true for this patient?
A. There is no diagnosis. These values are normal in children.

B. He has delta-beta thalassemia because he has an elevated hemoglobin F level.

C. Delta-beta thalassemia does not cause microcytosis.

D. Hereditary persistence of fetal hemoglobin results in pancellular hemoglobin F distribution.
Explanation
Fetal hemoglobin (hemoglobin F [alpha2 gamma2]) is the major hemoglobin present during gestation and constitutes approximately 60% to 80% of total hemoglobin in the full-term newborn. After birth, a hemoglobin switch occurs, and gamma globin production decreases while beta globin increases, leading to increasing levels of adult hemoglobin, or hemoglobin A. Most people have less than 2% hemoglobin F by the time they are 2 years old. Hereditary persistence of fetal hemoglobin (HPFH) is a benign condition with a wide range of hemoglobin F production from a few percentage in nondeletional HPFH, which produces heterocellular hemoglobin F, to up to 30% in deletional HPFH with pancellular hemoglobin F production. 
7.
You are seeing a 7-year-old boy with sickle cell anemia or homozygous Hb SS for a follow-up of a screening transcranial Doppler ultrasound (TCD) examination. Your hospital bought new ultrasonography equipment and now uses an imaging TCD technique (TCDi) instead of a non-imaging technique. The screening TCDi showed an elevated time average maximal mean velocity of 190 cm/s in the right distal internal carotid artery.
What are the recommended next steps in this patient’s diagnosis and treatment?

A.
This is a normal value, and the TCDi can be repeated in 1 year.
B.
Send him to neurosurgery for evaluation of vascular bypass due to internal carotid artery stenosis.
C.
The risk of overt stroke over the next 3 years is 40%, and the TCDi should be repeated in 2 to 4 weeks.
D.
Perform a repeat TCD with procedural sedation so the patient is asleep during the test.
E.
The risk of overt stroke is less than 1%, and the TCD should be repeated in 6 months.
Explanation
It is important to know that TCDi provides lower-velocity measurements than non-imaging TCD (in the same vessel in the same person). On average, one needs to add 15 cm/s to a TCDi velocity to convert it to a comparable non-imaging velocity. The STOP criteria cutoffs (abnormal is 200 cm/s or greater) are based on non-imaging TCD. So this boy has an “equivalent” TCD velocity of 205 cm/s, and his risk of stroke over the next 3 years is approximately 40%. An abnormal TCD or TCDi should be repeated within 2 to 4 weeks to determine whether the value is persistent. In addition, TCD should be performed while the patient is “quietly awake.” Sedation will cause falsely low values, and agitation or crying will cause falsely elevated values. The patient should also be at their baseline (not in a vaso-occlusive episode) or recently transfused.
8.
A 10-year-old girl with sickle cell anemia or homozygous Hb SS who was last seen in your practice at around 18 months of age before moving out of state returns to reestablish care. You compare her current laboratory results with the ones on file.
	
	Values Age 18 Months
	Current Values

	WBC
	15,200/mm3
	5,200/mm3

	Hb
	7.8 g/dL
	9.8 g/dL

	Hct
	23.4%
	29.4%

	MCV
	76 fL
	98 fL

	Plt
	615,000/mm3
	215,000/mm3

	Retic
	14%
	5%

	Hb F level
	12%
	23%


Which of the following statements is true based on her laboratory results?
A.
She has hereditary persistence of fetal hemoglobin.
B.
The use of hydroxyurea has increased red cell half-life.
C.
She was started on chronic blood transfusion therapy to increase fetal hemoglobin production.
D.
The diagnosis of sickle cell disease was incorrect at 18 months of age, and she has a different blood disorder causing macrocytosis.
E.
Her sickle cell disease has become milder as she has become older, and she is outgrowing some signs of the disease.
Explanation
The differences between the two laboratory tests include a decrease in white blood cells (leukocytosis), increase in hemoglobin and hematocrit, decrease in platelet count (thrombocytosis), increased mean corpuscular volume (MCV), decreased reticulocyte count, and increased fetal hemoglobin production. Overall, the patient’s red blood cell count has increased half-life/decreased rate of hemolysis marked by the higher hemoglobin and lower reticulocyte count. These are consistent with the effects of oral hydroxyurea therapy taken on a regular basis for at least 3 months.
9.
A 6-year-old girl with sickle cell anemia, or homozygous Hb SS, now needs a tonsillectomy and adenoidectomy because of obstructive sleep apnea and nocturnal hypoxia. She has received two transfusions in the past, the first at age 1 year for splenic sequestration and the second at age 4 years for acute chest syndrome. Her preoperative hemoglobin concentration is 8.3 g/dL. She receives a preoperative transfusion of 10 mL/kg of packed red cells, which raises her hemoglobin to 10.3 g/dL. She has the surgical procedure the next morning without event. Her postoperative course is uneventful until the fifth day, when she is supposed to go home. Instead, she awakens with significant scleral icterus, new-onset dark urine, and pain. The following laboratory studies are obtained:
· CBC: Hb 6.7 g/dL, WBC 14,000/mm3, platelets 489,000/mm3, reticulocytes 15%

· Chemistry: bilirubin 7.9 mg/dL, direct fraction 0.5 mg/dL, AST 129 IU/L, ALT 35 IU/L, LDH 845 IU/L

· Urinalysis: urobilinogen large, hemoglobin large, microscopic 4 WBCs/hpf, 1 RBC/hpf

Which of the following tests could substantiate the most likely diagnosis for her acute exacerbation of chronic hemolytic anemia?
A.
Doppler ultrasonography of splenic and portal veins

B.
Repeat indirect antiglobulin test
C.
Parvovirus PCR and titer

D.
Peripheral blood smear morphology

E.
C-reactive protein level

Explanation
Given the history of two previous transfusions and the recent preoperative transfusion, it is most important to consider and diagnose a delayed hemolytic transfusion reaction. The patient had formed an RBC alloantibody after at least one of the previous transfusions. The titer of the alloantibody waned over the years and was undetectable by initial RBC screen (indirect antiglobulin test). The reappearance of the antibody with antigen stimulation (exposure) is called an anamnestic response, which can occur 3 to 14 days after reexposure to the antigen. The antibody will be detected now by indirect antiglobulin testing, but the specificity of the antibody will not be determined by this test. The test to determine the specificity of the antibody is a direct antiglobulin test obtained during the transfusion reaction workup for a delayed hemolytic transfusion reaction, which the patient experienced. An eluate is then performed, which chemically removes the antibody from the donor RBC surface and then concentrates it so a panel can be performed to identify the specificity of the antibody. Then, antigen-negative RBCs can be provided for subsequent transfusions. The donor RBCs are the cells that were destroyed, causing the brown urine. Parvovirus infection would be associated with reticulocytopenia and would not cause a high LDH or hemoglobinuria. Although this patient still has a spleen because of early introduction of hydroxyurea (delay of splenic involution), significant splenic sequestration is unlikely because of the thrombocytosis (ie, lack of hypersplenism). She may have an element of anemia due to acute inflammation, but that would not explain hemoglobinuria, splenomegaly, increased reticulocyte count, or increased LDH. Peripheral blood morphology might show a new population of spherocytes, but this would not be the most specific diagnostic test. Doppler ultrasonography is not indicated in this scenario.
10.
You are seeing a 5-year-old girl with a history of microcytic anemia. She was adopted at 3 years of age from Sri Lanka. Her hemoglobin electrophoresis is shown below. Which of the following parental electrophoresis reports most likely represents her parents’ genotype? 

	
	Child

	Hb A (%)
	0

	Hb A2 (%)
	7

	Hb E (%)
	65

	Hb F (%)
	28


A.

	
	Mother
	Father

	Hb A (%)
	59
	72

	Hb A2 (%)
	1.5
	1

	Hb E (%)
	38
	0

	Hb F (%)
	1.5
	27


B.

	
	Mother
	Father

	Hb A (%)
	97
	88

	Hb A2 (%)
	1.5
	7

	Hb E (%)
	0
	0

	Hb F (%)
	1.5
	5


C.

	
	Mother
	Father

	Hb A (%)
	59
	0

	Hb A2 (%)
	1.5
	3

	Hb E (%)
	38
	95

	Hb F (%)
	1.5
	2


D.

	
	Mother
	Father

	Hb A (%)
	97
	0

	Hb A2 (%)
	1.5
	8

	Hb E (%)
	0
	70

	Hb F (%)
	1.5
	22


E.

	
	Mother
	Father

	Hb A (%)
	59
	85

	Hb A2 (%)
	1.5
	7

	Hb E (%)
	38
	0

	Hb F (%)
	1.5
	8


Explanation
The child’s hemoglobin electrophoresis is consistent with hemoglobin E (Hb E)/beta thalassemia. In answer A, the mother has Hb E trait and the father has hereditary persistence of fetal hemoglobin. In answer B, the mother has a normal electrophoresis and the father has beta thalassemia trait as evidenced by the elevated Hb A2. Answer C is incorrect because the mother has Hb E trait and the father has homozygous hemoglobin EE disease. Answer D is incorrect because the father has Hb E/beta thalassemia but the mother has no evidence of hemoglobinopathy. Answer E is the correct answer because the mother has Hb E trait and the father has beta thalassemia trait. They have a 25% chance of having an offspring with Hb E/beta thalassemia. Hb E is caused by a substitution of glutamic acid by lysine at codon 26 of the beta-globin gene. This results in reduced production of the E globin molecule, leading to a thalassemia phenotype, causing mild microcytosis in the trait condition. It may be coinherited with alpha- and beta-thalassemia mutations as well as the sickle mutation. Hb SE is most similar to Hb S/beta+-thalassemia, with baseline hemoglobin of 10 to 12 with mild microcytosis. Sickle cell complications are less common than in patients with Hb SS and Hb S/beta-thalassemia but may occur, usually at an older age. The most serious form of Hb E disease is Hb E/beta thalassemia, which may necessitate chronic transfusion therapy. Hb E disorders are found predominantly in India, Sri Lanka, Malaysia, southern China, Thailand, Laos, and Cambodia, but because of immigration over the past 2 decades, they can now be found in newborn screening programs in the United States.

11.
A 12-year-old African American boy is referred to you for evaluation of an incidentally discovered anemia. His mother reports that he generally has been well throughout his life but that his eyes occasionally turn yellow when he gets a fever. He has never had any unusual or recurring pains. His growth and development are normal. His physical examination is remarkable only for a spleen that is palpable 2 cm below the costal margin. A complete blood count and peripheral blood film morphology are shown below:
WBC
7500/mm3
Hb
11.9 g/dL

Hct
35.3%

MCV
77 fL

MCHC
 36.5 g/dL

Plt
205,000/mm3
Retic
2.1%
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What is the most likely diagnosis?

A.
Sickle cell anemia (Hb SS)

B.
Sickle-hemoglobin C disease (Hb SC)

C.
Sickle-(0-thalassemia (Hb S(0)

D.
Hemoglobin H disease

E.
Hemoglobin C disease (Hb CC)
Explanation
Homozygous Hb C disease is a condition characterized by a mild, chronic hemolytic anemia. The hemolysis is usually mild, but intermittent mild jaundice can occur (hyperhemolysis). The peripheral smear will show target cells and Hb C crystals (bar-shaped inclusions), both shown here, but no sickled cells. The mean corpuscular hemoglobin concentration (MCHC) also may be increased because of RBC dehydration. Affected patients may also have splenomegaly, especially during adolescence or adulthood. Splenic function is normal, however, and acute splenic sequestration does not occur. Hb C disease occurs almost exclusively among people of African ancestry. It is not a sickling disorder, and it is not one of the sickle cell diseases.

12.
A 14-year-old boy with sickle cell trait presents with severe abdominal pain. The boy travelled with his soccer team to Colorado for a tournament, and he developed right-side abdominal pain on the last day of the tournament that has not resolved upon return to home.
The development of which of the following could be the cause of abdominal pain in a person with sickle cell trait?
A. Renal cell carcinoma

B. Splenic infarction
C. Rhabdoid tumor of the kidney

D. Cholecystitis
E. Nephrolithiasis
Explanation

Sickle cell trait does not cause hemolysis, and persons with sickle cell trait do not have an increased rate of gallstones to cause cholelithiasis. They also do not have an increased risk of kidney stones. Sickle cell trait is associated with the development of a rare malignant neoplasm of the kidney called renal medullary carcinoma and not rhabdoid tumor of the kidney or renal cell carcinoma. Sickle cell trait is associated with splenic infarction especially at high elevation and in association with physical activity.
13.
You receive a phone call from the emergency department about a 9-month-old boy with sickle cell anemia or homozygous Hb SS disease who presented with acute onset of fever of 103(F. The emergency department reports the following laboratory results:
WBC
23,000/mm3
Hb
5.4 g/dL

Hct
16.2%

MCV
74 fL

Plt
56,000/mm3
Retic
14%

For what other acute complications of sickle cell disease (SCD) should this patient receive evaluation?

A.
Fever due to parvovirus B-19 and aplastic crisis

B.
Acute splenic sequestration in the setting of acute infection
C.
Allergy to penicillin resulting in systemic pneumococcal infection
D.
Pneumococcal infection due to lack of Pneumovax-23 immunization
E.
Acute development of avascular necrosis presenting as osteomyelitis
Explanation
Acute splenic sequestration is characterized by a sudden pooling of blood and rapid splenic enlargement accompanied by a precipitous drop in hemoglobin at least 2 g/dL below baseline and thrombocytopenia, and it is considered a life-threatening complication of SCD. Acute splenic sequestration often is the first major complication SCD patients experience, and by 2 years of age, 23% of children with SCD will have had at least one episode. The reported mortality rate for acute splenic sequestration is as high as 12% in some cohorts but has improved dramatically with early identification of SCD on newborn screening, parental education of signs and symptoms of sequestration, and early identification and administration of blood transfusion during an acute episode.
14.
You are seeing a 17-year-old boy with sickle cell anemia or homozygous Hb SS who is on chronic transfusion therapy due to an overt stroke that occurred when he was 4 years old. He has few perceptible deficits from the stroke and is preparing to apply to a major university. He wants to know why he was started on chronic blood transfusions as he prepares to move and find a new hematologist. 
What is the most likely reason for chronic transfusion therapy after an overt stroke?
A.
Improved growth and development

B.
Primary stroke prevention

C.
Prevention of recurrent sickle cell pain crises and avascular necrosis
D.
Secondary stroke prevention
E.
Promotion of neural growth
Explanation
Transcranial Doppler ultrasound (TCD) enables identification of patients who are at an increased risk of overt stroke. Therapeutic interventions for such patients who have not yet experienced a stroke would be primary stroke prevention. The use of TCD screening and routine transfusions have reduced the prevalence of overt stroke from 11% to 1% among children with severe sickle cell disease. This patient has already experienced a stroke and was started on chronic transfusion therapy to prevent a subsequent stroke, or secondary stroke prevention. The risk of recurrent stroke after an initial overt stroke is 50% in the 2 years after the initial event if no intervention is implemented.
15.
You are seeing a 10 year-old boy with (-thalassemia major for his annual evaluation; the patient is receiving chronic blood transfusions. He was diagnosed on newborn screen and began transfusion therapy around 1 year of age. His family has been very adherent to his iron chelation therapy, and his ferritin levels routinely average around 1,000 ng/mL. 
Which of the following tests should be included in his annual evaluation to assess for chelator toxicity?

A.
Audiogram
B.
TSH/fT4

C.
FSH/LH

D.
Echocardiogram

E.
Vitamin D 25 OH
Explanation
The annual evaluation of patients with thalassemia involves assessing for possible excess iron toxicity and monitoring for adverse effects of chelator therapy. Excess iron deposition in the liver, pituitary, and heart can lead to cirrhosis, growth failure, hypothyroidism (and other endocrinopathies), and cardiac arrhythmias and dysfunction. Patients who are treated with iron chelators should be monitored for neutropenia, hearing loss, growth failure, cataract development, and osteoporosis. Chelator therapy has increased toxicity at low levels of body iron. For this patient, who is very adherent to chelation therapy, his evaluation also should include assessment of chelator toxicity and not just iron overload (ie, audiogram).
