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10 new cases, Neufeld - congenital and acquired hemolytic anemia 

Neufeld #1

A previously healthy 15 year old girl presents with 3 day history of fevers, abdominal pain, fatigue, pallor and one day of severe headache.  She is a vegetarian, and has had neither diarrhea nor urinary symptoms.  Family history is negative.  Lab studies reveal Hb 7.1 g/dl, reticulocytes 14%, platelets 60k/mm3, normal WBC count and differential.  The PT and PTT are normal.  The peripheral smear features numerous schistocytes, occasional nucleated RBC, and large platelets. Total bilirubin 2.5 mg/dl (1.9 indirect, 0.6 direct), LDH 1,400 U/l, and creatinine 1.1 mg/dl.  A pregnancy test is negative.  Stool studies and antinuclear antibody are pending. 

Which of the following would be the best management choice in this clinical scenario? 

A. Send and wait for ADAMTS13 enzyme and inhibitor studies.  This could be TTP and the etiology should be proven before initiation of therapy. 

B. Microangiopathy and thrombocytopenia suggest DIC, therefore, admit to the ICU for supportive care and launch a search for etiology, e.g. infection or malignancy. 

C. *Initiate treatment for TTP immediately with plasmapheresis (+/- concomitant steroids) because the diagnosis of TTP is clinical, and the disorder can be life-threatening.  Do not wait for ADAMTS13 results to start treatment. 

D. Follow renal function and provide supportive care for HUS, which is more common than TTP in pediatrics, and initiate a search for E coli O157:H7 strains, which produce HUS-inducing toxins. 

E. Transfuse for symptomatic anemia but only after saving blood for enzymatic studies because a congenital hemolytic anemia is likely. 

CORRECT ANSWER C. 
Discussion: 

This scenario is typical for TTP, which can be life-threatening.  In this case, primary antibody-mediated TTP is likely because there is no history of drugs, pregnancy, or congenital causes. 

Answer A is incorrect because the screening tests for the antibody to the von Willebrand cleaving protease, ADAMTS13, and the functional consequences of the antibody (low levels) are not good enough or fast enough in 2013 to be used for real-time diagnosis, though they are helpful  in research settings. 

Answer B is incorrect because the normal PT and PTT rule out DIC, although the peripheral smear cannot necessarily be differentiated.

Answer D is incorrect as a management strategy, although it is true overall in pediatrics that HUS is more common than TTP. In post-pubertal patients with no clinical exposures to suggest HUS, it is prudent to consider TTP immediately, and in variant cases, to pursue supportive studies even as pheresis and often steroids are begun.  

Answer E is incorrect because the clinical scenario doesn’t suggest a chronic hemolytic disorder. 

Neufeld #2

A newborn infant girl presents with jaundice on DOL 2.  She is nursing vigorously and otherwise well.   Laboratory results include:  total bilirubin 14 mg/dl, hemoglobin 12 g/dl, MCV 107 fL, and reticulocyte count 14%. The peripheral smear reveals severe anisopoikilocytosis with numerous bizarre forms, many ovalocytes, marked polychromasia, and NRBCs 60 per 100 WBC.  Mother’s blood type is O positive; the child is A negative.  Cord   is negative. Family history reveals that the G1P1 mother received a transfusion in the newborn period, but has been well ever since.  Father has no history of jaundice. Both parents are of Sicilian descent, and not known to be related.  The best explanation for the abnormalities in this patient’s peripheral smear is? 

A. The peripheral smear seems (by description) to be much too severe for ordinary autosomal dominant hereditary elliptocytosis (HE) to spectrin mutations.  This must be a recessive ankyrin mutation affecting vertical interactions in the membrane. 

B. *Ordinary (mild) dominant HE is often more severe in the newborn period. It is possible that the newborn will have the same clinical course as the mother, although a more severe course (due to a silent mutation from the father, for example) cannot be ruled out until the clinical course is followed for months or longer. 

C. The severity of early jaundice suggests that there is not only elliptocytosis, but also an antibody-mediated hemolysis due to anti-A. 

D. The peripheral smear as described is most suggestive of severe G6PD deficiency, which would account for the jaundice. 

E. The Sicilian ancestry would support the likelihood of beta thalassemia major, even without consanguinity, because thalassemia alleles are extremely common in Southern Italy. 

Neufeld #2. The correct answer is B. 

Answer A is incorrect because vertical interaction problems in the red cell membrane cause spherocytosis (loss of membrane) whereas lateral interactions cause elliptocytosis. 

Answer C is incorrect because the DAT is negative (despite the A-O “setup”), and ABO antibodies are rarely of substantial import in primiparous mothers. When they are significant, the DAT should be discernible, even if subtle.  ABO incompatibility is much more common than anti-A or anti-B hemolysis. 

Answer D is incorrect because the smear is not really compatible with G6PD as the major problem, and this is a girl with an apparently unaffected father.  Remember G6PD is an X-linked mutation.

Answer E is incorrect because beta thalassemia, a quantitative hemoglobinopathy is essentially silent at birth, and only manifests as fetal hemoglobin production decreases later in the first year of life. The smear doesn’t suggest thalassemia either. Severe hypochromia and microcytosis is present in symptomatic thalassemia syndromes (at an appropriate age). 

This particular patient did in fact have dominant elliptocytosis, but went on to have severe, transfusion-dependent hemolysis and eventually evidence of myopathy, with dramatically elevated serum CPK but low serum Aldolase.  She proved to be a compound heterozygote for two distinct mutations in the Aldolase A gene, for which her parents were asymptomatic carriers.  She ultimately succumbed to severe rhabdomyolysis with a febrile illness. See Yao et al, Blood, 2004.   Sometimes patients have more than one hemolytic disorder!

Neufeld 3.  A 17 year old with no significant past medical history presents after her pediatrician notes that her lips are blue at an annual checkup. Oxymetry readings are 84% saturated in room air. A quick emergency room visit leads to the following data: Hb 15.3 g/dl, reticulocyte count 2.1%, and PaO2 98 mm Hg by blood gas machine.  The lab tech reports her blood is chocolate-brown in color and methemoglobin by co-oximetry is 12% (normal less than 1%). The peripheral smear reveals normal morphology.  The patient’s father is a dentist, and his office is off the garage of the family home. She works at an ice cream parlor. She denies recreational drug use.  She started smoking cigarettes at age 15, and now smokes ½ pack a day. 

Which of the following statements is true about this scenario? 

a. *The markedly elevated metHb could be due to either a congenital deficiency of cytochrome b5 reductase, or surreptitious use of nitrous oxide or other nitrates, to which she may have access at home or at her job. 

b. The role of the cytochrome reductase is to keep Hb in its oxidized (Fe+3) state. 

c. Hemoglobin M rarely presents as cyanosis. 

d. High affinity hemoglobins must be kept in the differential diagnosis of Methemoglobin. 

e. Low affinity hemoglobins cause not only cyanosis but also poor tissue oxygenation. 

The correct answer is A. 

The differential diagnosis for methemoglobinemia includes drugs, defects in the system that keeps hemoglobin REDUCED (not oxidized) and abnormal hemoglobins which oxidize spontaneously. Dentists have occupational exposure to nitrous oxide used as an anesthetic.  Whipped cream pressurized canisters at ice cream stores are propelled  by nitrous oxide cartridges (“whippets”) which can be abused as a recreational drug. Cigarette smoking causes carboxyhemoglobin from carbon monoxide, not methemoglobin.  Answer B is wrong because the reductase helps keep hemoglobin in its reduced, Fe2+ state. Answer  C is wrong as Hemoglobin M often causes cyanosis (though it is a rare disease). Answer D is incorrect because high affinity hemoglobins cause poor tissue oxygen delivery, but the blood is very red, saturations is not falsely measured as low, and cyanosis is not seen. Answer E is only half right: cyanosis may be found with some low affinity hemoglobins, but tissue oxygen delivery is generally adequate at the capillary-tissue boundary because of low affinity.

Neufeld 4:  A  three year old girl has had transfusion-dependent anemia since age 6 months. She is found to have an unstable hemoglobin by sequence analysis (Hb Hammersmith, beta Phe42Ser).  She has obvious bony deformity from extramedullary hematopoiesis, and marked splenomegaly.  Her urine is tinged pink without red cells, due to brisk intravascular hemolysis.  Her hemoglobin is 7 g/dl 4 weeks after a transfusion, and her reticulocyte count is 18%. A Heinz body prep is positive. Nucleated red blood cells are  35/100 WBC on peripheral smear. 

Which of the following statements is correct. 

A. As in Hereditary Spherocytosis,  anemia will be entirely ameliorated by splenectomy,  and her gallstone risk will be reduced. 

B. As in pyruvate kinase deficiency, splenectomy may result in an apparently increase in reticulocytosis. 

C. This diagnosis might have been made by newborn screening (by electrophoresis, isoelectric focusing or HPLC), just as can be done with sickle trait, C trait, and other beta hemoglobinopathies. 

D. A decision about splenectomy should take into account growth status, transfusion requirements, interval change in spleen size, and potential long term risks of infection and thrombosis. 

E. Heinz bodies are nuclear remnants which increase in all hemolytic anemias. 

Answer: D. 

Answer A is incorrect for unstable hemoglobins and for most hemolytic states except HS. However, transfusion requirements and growth problems may be partially ameliorated by splenectomy. 

Answer B  is probably  incorrect, as PK deficiency is unique for the death of reticulated forms in the spleen, and paradoxical increase in the periphery after splenectomy. 

Answer C is wrong on two fronts. First, the amino acid substitution Hb Hammersmith is isoelectric (no change in charge) so that it may not be distinguishable by some newborn screening methods, further, very unstable hemoglobins are hard to detect in the periphery, particularly when beta globin is at a lower quantity in the newborn period. 

Answer E is wrong. Howell-Jolly bodies are nuclear remnants. Heinz bodies are precipitated hemoglobin seen only with supravital stains. 

Neufeld 5.  A previously healthy 5 year old boy has sudden onset of dark urine, pallor and tachycardia a week after a respiratory illness with pronounced cough and low-grade fever, treated with azithromycin. 

On presentation, he is pale and has a heart rate of 140/min. His spleen is just below the costal margin. His hemoglobin is 5.5 g/dl, reticulocytes 12%, bilirubin 5.2 mg/dl,  with direct fraction 0.3 mg/dl.  His DAT is positive for complement C3, and negative for IgG. You suspect either cold agglutinin disease or a Donath Landsteiner antibody (“paroxysmal cold hemoglobinuria”).  The blood bank receives a warm blood sample to evaluate, in which they find a “cold-reacting IgG of high thermal amplitude,” which fixes complement upon warming. 

Which of the following statements is correct about this case? 

a. Since this is not a cold agglutinin, there is no need to use a blood warmer, and cold will not be a factor for the patient upon discharge. 

b. Donath Landsteiner antibodies are readily removed by plasmapheresis. 

c. The DAT (Coombs) reagent must be defective if the IgG can’t be detected on the cells, as the blood bank found it there on the specific testing. 

d. * PCH in children nearly always resolves spontaneously, and may not respond well to steroids. 

e. Extravascular hemolysis is the rule in PCH, and leads to impressive splenomegaly in some cases.

ANSWER: D is correct.  

Answer A is wrong, because cold-reacting IgGs do bind better in the cold, and will fix complement when they get warm centrally. Fastidious attention to warming the extremities and the blood will help. 

Answer B is wrong because IgGs distribute in extravascular space as well as intravascular. Thus, IgM is easy to remove by pheresis, but IgG much less so. 

Answer C is wrong. This lab scenario defines the Donath Landsteiner antibody. DAT reagents are used at room temperature, and if all the coated cells have lysed from complement, the cells won’t agglutinate with the Coombs reagent. 

Answer E is wrong because the hemolysis in this circumstance (in contrast to most IgGs which don’t fix complement well) is often entirely intravascular, and the spleen may be indifferent. 

Neufeld #5. 

Three months after liver transplantation for TPN-induced cholestatic liver disease, a 4 year old boy becomes pale and jaundiced. His ALT remains in its stable range of 50-70 U/L, but his hemoglobin has dropped to 7 g/dl, his bilirubin is 5.8 mg/dl with 1.2 mg/dl direct. The reticulocyte count is 6%. He is immunosuppressed with tacrolimus and on a tapering dose of prednisone, currently 0.25 mg/kg/day.  The liver, from a cadaveric donor, was blood type O+, as is the patient.  Direct antiglobulin test is positive, for a warm-reacting IgG antibody of broad (untype-able) specificity.  

Which of the following statements is correct about this scenario? 

A. The positive DAT rules out drug-related mechanisms of hemolysis. 

B.  * AIHA following solid organ transplant may respond to changes in the immunosuppresion regimen. 

C. When the blood bank can’t determine a specific target antigen, transfusion is precluded by positive cross-match. 

D. The elevated direct bilirubin suggests that intravascular hemolysis may be part of the problem. 

E. The Donor/recipient ABO blood type match rules out immune hemolysis based on host-vs-graft hematopoiesis or graft-vs host equivalents. 

The correct answer is B. Tacrolimus may be the offending agent, and various substitutes, or increases in other immunosuppressants may be helpful.

 A is wrong because medications not uncommonly cause AIHA by one of several mechanisms, including “haptenizing” effects such as penicillins, and immunomodulation, such as tacrolimus. 

C is incorrect. Blood banks may provide “least badly matched blood” for emergencies, and hemolysis won’t necessarily be worse than that seen for endogenous blood. 

D is incorrect. The direct hyperbilirubinemia depends on hepatic excretion of conjugated bilirubin, not on the site of hemolysis. 

E is wrong because there are many potential blood group interactions besides ABO. In principle, if either donor or host lacked a common blood antigen, this scenario might result. This is more commonly an issue in hematopoietic stem cell transplantation. 

Neufeld #6. 

A 2 year old boy is evaluated for apparent ongoing hemolysis. His hemoglobin is 9.5 g/dl, with 7% reticulocytes and MCV 87 fL. Platelets and leukocytes are normal. DAT is negative.  No cold agglutinin is detectable.  His family history is negative for blood disorders. Peripheral smear reveals numerous stomatocytes and mild polychromasia. 

Given the findings, which of the following blood group disorders should be evaluated in this patient? 

A. Rh D negative but C positive

B. Duffy A (FyA) negative 

C. *Rh null

D. Lewis X positive

E. Blood group “I” reactive

The correct answer is C.  Rare patients who don’t express the Rh protein may type as Rh negative, but lack the Rh antigen altogether, with characteristic hemolysis and stomatocytes on the smear. This is a recessive disorder. The other surface antigens in A, B, and D are not related to DAT-negative hemolytic anemia. The I blood group is a target of cold agglutinins, not present here, so E is incorrect.   

Neufeld #7.  Consider a 6 year old Caucasian girl who is admitted to the hospital for acute onset of dark urine and anemia after eating fresh Fava beans  at a farmer’s market.  She has marked indirect hyperbilirubinemia and requires a transfusion for Hb 5 g/dl. Which of the following statements is true? 

A. *For a girl to be affected with symptomatic G6PD deficiency (an X-linked recessive trait), one of her parents has most likely passed on the gene (affected father or carrier mother) but it need not be the case that both carry the gene.  

B. Her G6PD level should be measured immediately upon hospitalization, or else one would run the risk of missing the deficiency when the fava bean effect dissipates. 

C. If she was not jaundiced in the newborn period, this cannot be G6PD deficiency. 

D. If anemia this severe results from eating fava beans, then this patient probably has chronic hemolytic anemia all the time. 

E. G6PD deficiency is equally severe in all populations in which it arose (Asia, Mediterranean, Sub-Saharan Africa). 

ANSWER A is correct.  All women who carry a sex-linked mutant allele are chimeric for normal and abnormal red cells. Unequal X-chromosome inactivation can lead to more than half of red cell precursors carrying the abnormal gene, and such women may be symptomatic under stress. 

B is incorrect. It is best to wait for RBC recovery to test the enzyme, as for some variants, newer cells have much more enzyme.  C is incorrect because the kinetics of bilirubin production and clearance vary within individuals, and the fresh fava beans may have been a greater stress for this patient than was birth.  D is incorrect for the same reason as C. The acute stress may be more of a problem than the oxidant burden of daily life.  E is incorrect. The African variant is milder than the other two regions of high G6PD prevalence.  

Neufeld #8.  

A 2 week old boy is so pale at his pediatrician’s visit that he gets a CBC which reveals Hb 6.0 g/dl, reticulocyte count ofs 2%, and MCV 99 fl.  The MCHC is mildly elevated at 37 g/dl. The smear has a few spherocytes, moderate anisocytosis and some poikilocytosis.  He was mildly jaundiced as a newborn, maximum bilirubin 12 mg/dl and no blood type mismatch setup was noted (mother and patient O negative).  The bilirubin is now normal, as are the WBC, differential and platelet counts.  The child otherwise seems to be thriving. Family history is negative for transfusions, splenectomy, cholecystectomy, and positive for neonatal jaundice requiring only phototherapy in a cousin. 

Which of the following statements is correct? 

A. This cannot be hereditary spherocytosis, as the reticulocyte count is too low to support a diagnosis of hemolysis. 

B. This cannot be hereditary spherocytosis, as the jaundice history is much too mild. HS requires exchange transfusion soon after birth.

C. *This has a good chance of representing hereditary spherocytosis during the neonatal “physiologic nadir” period when reticulocyte production is decreased. 

D. He should have a non-incubated osmotic fragility test right away, before you give him a transfusion. 

E. Testing the parents should confirm or rule out HS in this case. 

ANSWER: C is correct. Pronounced anemia a couple of weeks after birth is very common in HS, for reasons not entirely clear. The mutation need not be severe to cause this effect, and about 1/3 of HS patients have “new mutations” so that testing the family may not suffice (so E is incorrect). A is incorrect as the nadir renders reticulocyte counts relatively useless for several weeks, dropping to near zero. B is incorrect, the kinetics of newborn jaundice vary from individual to individual.  D is incorrect, the incubated test is much more sensitive, and the test has relatively poor predictive characteristics in the newborn period compared to a few months later, though if positive now, an incubated test would be conclusive.  

Neufeld #9. 

A 12 year old boy with a history of ITP three years ago presents with two week history of fatigue and pallor, and is found to have tachycardia and modest splenomegaly (2 cm below the costal margin).  His growth has been good, His diet is varied. He’s had no constitutional or GI symptoms and no adenopathy.  His labs include a hemoglobin of 6 g/dl, MCV 97 fl, plts 68,000/mm3, LDH 1,100 U/L, uric acid normal and minimally elevated indirect bilirubin 2 mg/dl. The retic count is 9%. The smear shows polychromasia and anisocytosis but no schistocytes, teardrops or blasts, and no hypersegmented polys. Some giant platelets are seen.  Anisocytosis is present.  DAT is positive for IgG.  You suspect Evans syndrome, perhaps related to underlying immunologic disturbance.   His prior “ITP” responded promptly to five days of prednisone. 

Which of the following statements is most likely to be true about this patient? 

A. He should have a bone marrow to rule out leukemia, at least before he receives steroids. 

B. The macrocytosis suggests a primary nutritional or bowel absorption problem. 

C. * His apparent AIHA is likely to respond to prednisone, but the kinetics of response may be different for red cells and platelets, and higher doses and longer course of treatment  are indicated than when he had ITP alone in the past. 

D. This can’t be due to a mutation in the Fas system (i.e. autoimmune lymphoproliferative syndrome, ALPS) because he has no massive adenopathy. 

E. The AIHA is likely to be short-lived/self-resolving and no therapy is necessary. 

The correct answer is C.  Most hematologists would take a positive DAT and reassuring peripheral blood film as evidence against leukemia in this clinical setting.   B is wrong because while folate and B12 deficiency are theoretically possible, the history and smear findings don’t support these as likely primary problems. D is based on the clinical versus mutation analyses of ALPS patients. FAS pathway mutations are common in Evans syndrome, even when overt adenopathy or other problems of ALPS are not present. E is wrong because in contrast to paroxysmal cold hemoglobinuria and some other pediatric auto-immune cytopenias, the AIHA associated with Evans syndrome could be protracted and require immunosuppression for months or longer.

 Neufeld #10. 

The second child to a woman whose first infant was jaundiced at birth has evidence of hydrops in utero at 35 weeks. The child is delivered urgently and found to have ascites and severe anemia, with hemoglobin of 6 g/dl, and 100 NRBC/100 WBC.  Both child and mother are typed as “O positive” but the mother has a circulating anti-e antibody and genotyping reveals that mother is E/E while the infant is E/e.  The child is transfused slowly with crossmatch compatible O negative blood (e/e).   She makes a prompt recovery. 

Which of the following is true about this scenario? 

A. Prophylactic anti-D globulin (Rhogam or WinRho) during pregnancy could have prevented this  hemolytic disease of the newborn. 

B. The anemia and transfusion requirements could go on for 9 months or more. 

C. There is a 25% chance of chronic anemia. 

D. * Almost invariably, the anemia will be resolved by a few months of age. 

E. The child has a 50% chance of having the same problem when she has children. 

Answer D is correct. Anti-D does not protect against variants in Rh Ee or Cc systems, and anti-D is not indicated in RhD+ mothers, so A is wrong.  Maternal antibodies acquired passively across the placenta are nearly always gone by 3 months as they are being constantly cleared on the infant’s red cells. Antibody mediated hemolysis in this scenario lasting 9 months (choice B) is extremely unlikely. HDN is not a situation that leads to chronic anemia in and of itself, so C is incorrect, and the child is heterozygous, so that the E/e system won’t be a problem for her children, thus E is incorrect.  

Neufeld#11

A 17 year old girl with hereditary spherocytosis underwent cholecystectomy for symptomatic gallstones at age 5, and was found to have Gilberts syndrome as a cause of persistent hyperbilirubinemia and early gallstone formation.  She still has her spleen, which is palpable 3 cm below the costal margin. Her eyes are always jaundiced. Many paternal relatives had splenectomy at ages ranging from childhood to young adulthood, but her affected brother still has his spleen and gallbladder at age 18, without gallstones. Her hemoglobin is 11.5 g/dl and her reticulocyte count is 8%.  

Which of the following applies to her situation? 

A. Splenectomy is indicated based on her family history, jaundice, and elevated reticulocyte count.  

B. Her splenomegaly and jaundice suggest that she requires full immunization for encapsulated bacteria (H Flu, Pneumococcus, meningococcus). 

C. *Her gallstone risk is now relatively low without a gallbladder. 

D.  Splenectomy would not improve her jaundice because of her Gilbert’s syndrome. 

The correct answer is C. The indications for splenectomy in spherocytosis without symptomatic anemia are not absolute, because the risks must be compared to the potential benefits.  She has minimal anemia, well compensated, and the family history of many splenectomies must be considered in historical context.  For many years,  splenectomy was nearly automatic in individuals with HS. A is therefore incorrect. The spleen in un-splenectomized HS patients is thought to have normal immune function, so she only requires the standard vaccines of healthy subjects her age, unless splenectomy is planned. B is therefore incorrect.  C is correct. Bile is concentrated in the gallbladder,  and while stones can form in the intra-or extrahepatic bile ducts, this is very unusual.  D is incorrect because splenectomy invariably reduces hemolysis in autosomal dominant HS, which would result in less bilirubin production and improve her jaundice.  

Neufeld #12

A 13 year old boy with pyruvate kinase deficiency had symptomatic anemia with hemoglobin in the 7 g/dl range and progressive splenomegaly over a few years. A one year trial of transfusion therapy failed to reduce the spleen size, and transfusion frequency had increased to every 3 weeks. He tolerated oral iron chelation poorly.  Splenectomy was therefore performed at age 10, and he has been maintained without transfusions.  Now his lab studies reveal Hb 8.7 g/dl,   retics 32%,  LDH 246 U/L.  7 NRBC per 100 WBC are present.  He participates in soccer and other activities without much difficulty. 

The following is true of pyruvate kinase deficiency:  

A. Marked reticulocytosis is rare as splenectomy completely corrects hemolysis. 

B. *The biochemical lesion in the glycolytic pathway increases 2,3 bisphosphoglycerate (2,3DPG) which decreases oxygen affinity and increases tissue oxygenation. 

C. Infection risk is lower in PK deficiency after splenectomy than in patients splenectomized for other reasons, due to the biochemical lesion. 

D. Splenectomy alleviates the risk of parvovirus aplastic crisis. 

The correct answer is B, for the reason stated.  A is wrong because marked reticulocytosis is common, especially after splenectomy in this disorder. The infection risk is not lower in this disorder after splenectomy, so C is incorrect.  Unlike spherocytosis, hemolysis remains significant after splenectomy, though anemia is ameliorated.  Therefore, parvovirus infection can still cause aplastic crisis. Therefore, D is wrong. 

Neufeld #13

A 10 year old girl who suffered a crush injury and open fracture to the right distal leg five days ago in a farm accident is in the ICU after plastic surgery interventions, but continues with poor distal perfusion.  You are consulted for new onset anemia, with hemoglobin of 7.3 g/dl today, down from 11 g/dl the prior day, as well as hemoglobinuria.  White count is elevated. The platelet count is 90,000/mm3.  PT and PTT are elevated to 15 seconds and 50 seconds, respectively, and D dimmers are positive.  Urine output is adequate. The creatinine is 0.5 mg/dl.  The peripheral smear reveals numerous spherocytes,  left shifted neutrophils, and large platelets. Schistocytes and teardrop cells are absent.  The patient is ill appearing and febrile to 39.4C. 

Regarding the anemia, which of the following is true: 

A. *Clostridial sepsis must be considered. 

B. The anemia is most likely due to DIC.

C. The urinary and lab findings suggest HUS.

D. The scenario is typical of drug-induced anemia due to G6PD deficiency. 

E. The foot injury has most likely exposed an underlying congenital hemolytic anemia. 

The correct answer is A. Ischemic tissue and an open fracture are a possible site of clostridium infection, and the peripheral smear and hemoglobinuria are consistent with clostridium toxin-mediated hemolysis in this ill patient, even though there are signs of DIC as well.  B is wrong because schistocytes should be present. The normal creatinine and absence of schistocytes preclude the possibility of HUS, so C is wrong.  The clinical scenario is not that generally seen for choices D and E. 

Neufeld #14. 

A 3 day old female infant has jaundice and increased reticulocytes and mild anemia for age (Hb 13 g/dl).  The bilirubin is entirely unconjugated. The mother and infant are both blood type A+ and antibody screen on mother and DAT on baby are negative.  An older brother was jaundiced as well requiring phototherapy, and is now entirely normal.  The parents are non-consanguineous and of Northern European heritage, and there is no known family history of blood disease. The peripheral blood film reveals polychromasia and anisopoikilocytosis typical of newborns, without overt spherocytosis. Hemoglobin electrophoresis reveals pattern FAV (V=variant)  No transfusions are required, but the nadir hemoglobin at 6 weeks of age is 7 g/dl, before improving spontaneously. By six months of age, the hemoglobin, reticulocyte count and peripheral smear are normal.  Repeat hemoglobin electrophoresis no longer demonstrates variant hemoglobin. 

Of this patient and scenario, which of the following is true? 

A. This most likely represents an unstable or hemolytic alpha globin hemoglobinopathy. 

B. *This most likely represents an unstable or hemolytic gamma globin hemoglobinopathy. 

C. This history is characteristic of a recessive defect of the pentose phosphate shunt. 

D. This history is characteristic of a recessive disorder of glycolysis. 

E. Physiological or breast milk jaundice and a benign gamma globin variant is most likely. 

The correct answer is B.     Hemoglobin electrophoresis reflects order of abundance. A variant in the newborn period could be in adult hemoglobin (alpha2beta2) or in fetal hemoglobin (alpha2gamma2).  Alpha persists through life, but gamma expression is shut off in favor of beta in the first few months of life.  The complete resolution in patient and brother argue against a significant alpha gene disorder, so A is wrong. Whereas the negative family history and time course could suggest recessive disorders, the glycolytic disorders do not cause variant globins, and G6PD is sex linked and also would not cause variant globin production, so C and D are unlikely.  E is probably wrong because physiologic jaundice doesn’t cause anemia or smear findings of increased red cell production.   

(15 is an extra credit case! )

15. The monoclonal antibody therapeutic, Eculizumab, blocks hemolysis in paroxysmal nocturnal hemoglobinuria by blocking C5 binding to C3 coated red cells (In PNH, loss of PI-linked proteins includes loss of complement protection mechanisms).  Without the terminal components of complement, the cells no longer lyse but circulate coated with C3.  Clinical experience and case series from Eculizumab investigators reveal that some patients on this drug acquire secondary hemolytic anemia. A reasonable explanation is splenic clearance of C3-coated red cells.  Because PNH is a clonal disorder, patients are chimeric for normal red cells and PNH red cells without the protective mechanism. 

Which of the following is a reasonable prediction about the enhanced hemolysis in these patients? 

A. The DAT will be positive for C3 in both clones in the chimeric patients, namely PNH clones(CD59 neg) and normal (CD59+) red cells. 

B. * The DAT will be positive for C3 only on PNH cells in Eculizumab treated patients. 

C. The DAT for C3 is always positive in PNH patients, with or without the new agent. 

D. Steroids would not be effective for extravascular hemolysis of C3 coated red cells, by analogy to AIHA. 

Correct answer: B.  A is incorrect because the normal (non-PNH cells) won’t accumulate complement, just as normal individuals should not have a C3+ DAT.  Choice C is incorrect, because complement fixation usually lyses the C3 coated cells, so they are not detectable by the DAT reagent.  The anti-C5 antibody blocks this lysis, and allows detection of the coated cells. D is incorrect in that by analogy to AIHA, steroids should be very effective, and indeed, this is the case. 
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Congenital and Acquired Hemolytic Anemias
Ellis J. Neufeld, MD PhD

1.
A 2-year-old male has had pallor since birth. Spasticity was first noted upon physical examination at 2 months of age, and hemolysis was first noted at 6 months of age, along with Hb 8.9 g/dl, reticulocytes count 7%, negative direct antiglobulin test (DAT), and numerous dense, speculated cells noted on peripheral smear. The pregnancy was uncomplicated and the parents were unrelated and from a geographically isolated region of Spain. Progressive neuromuscular decline has been the patient‘s main clinical problem, with intermittent infections, including pyelonephritis and pneumonia. Which of the following enzyme disorders is the most likely candidate for the patient’s disease? 

A.
Pyruvate kinase (PK) deficiency

B.
Glucose-6-phosphate dehydrogenase deficiency

C.
Triose phosphate isomerase(TPI) deficiency

D.
Pyrimidine 5’-nucleotidase deficiency

E.
Hexokinase deficiency

2.
Which of the following laboratory profiles is most consistent with hemolytic anemia at a steady state (that is, not within 2–3 days of diagnosis)?

A.
Decreased hemoglobin, decreased reticulocyte count, increased mean corpuscular voluem (MCV), increased bilirubin, decreased haptoglobin

B.
Decreased hemoglobin, increased reticulocyte count, decreased MCV, increased bilirubin, decreased haptoglobin

C.
Normal hemoglobin, increased reticulocyte count, normal MCV, increased bilirubin, increased haptoglobin

D.
Normal hemoglobin, increased reticulocyte count, normal MCV, increased bilirubin, decreased haptoglobin

E.
Decreased hemoglobin, normal reticulocyte count, high MCV, normal bilirubin, normal haptoglobin.

3.
Consider a 6-year-old Caucasian girl who is admitted to the hospital for acute onset of dark urine and anemia after eating fresh fava beans at a farmer’s market. She has impressive indirect hyperbilirubinemia and requires a transfusion for Hb 5 g/dl. Which of the following statements is true? 

A.
For a girl to be affected with symptomatic G6PD deficiency (an X-linked recessive trait), one of her parents has most likely passed on the gene (affected father or carrier mother) but it need not be the case that both carry the gene. 

B.
Her G6PD level should be measured immediately upon hospitalization or else one would run the risk of missing the deficiency when the fava bean effect dissipates. 

C.
If she wasn’t jaundiced in the newborn period, this can’t be G6PD deficiency. 

D.
If anemia this severe results from eating fava beans, then this patient probably has chronic hemolytic anemia all of the time. 

E.
G6PD deficiency is equally severe in all populations in which it arose (Asia, Mediterranean, Sub-Saharan Africa). 

4.
A 3-year-old girl has had transfusion-dependent anemia since age 6 months. She is found to have an unstable hemoglobin by sequence analysis (Hb Hammersmith, beta Phe42Ser). She has bony deformity from extramedullary hematopoiesis and marked splenomegaly. Her urine is tinged pink with no red cells due to brisk intravascular hemolysis. Her hemoglobin is 7 g/dl 4 weeks after a transfusion, and her reticulocyte count is 18%. A Heinz body prep is positive. Nucleated reds number 35/100 white blood cells (WBC). Which of the following statements is correct? 

A.
As in hereditary sherocytosis, anemia will be entirely ameliorated by splenectomy and her gallstone risk will be reduced. 

B.
As in PK deficiency, splenectomy may result in an apparent increase in reticulocytosis. 

C.
This diagnosis might have been made by newborn screening (by electrophoresis, isoelectric focusing, or high performance liquid chromatography) as is done with sickle trait, C trait, and other beta hemoglobinopathies. 

D.
A decision about splenectomy should take into account growth status, transfusion requirements, interval change in spleen size, and potential long-term risks of infection and thrombosis. 

E.
Heinz bodies are nuclear remnants that increase in all hemolytic anemias. 

5. 
A 2-week-old boy is so pale at his pediatrician’s visit that he gets a complete blood count (CBC), which reveals Hb 6.0 g/dl, retics 2%, MCV 99 fl. The mean corpuscular hemoglobin concentration is mildly elevated at 37 g/dl. The smear has a few spherocytes, moderate anisocytosis, and some poikilocytosis. The boy was mildly jaundiced as a newborn, maximum bilirubin 12 mg/dl, and no blood type mismatch setup was noted (mother and patient are both O negative). The bilirubin is now normal, as are the WBC, differential, and platelet counts. The child otherwise seems to be thriving. Family history is negative for transfusions, splenectomy,and cholecystectomy, and positive for neonatal jaundice, requiring only lights in a cousin. Which of the following statements is correct? 

A.
This can’t be hereditary spherocytosis because the reticulocyte count is too low to suggest hemolysis. 

B.
This can’t be hereditary spherocytosis because the jaundice history is much too mild. 

C.
This has a good chance of representing hereditary spherocytosis during the neonatal “nadir” period when reticulocyte counts aren’t helpful. 

D.
He should have a nonincubated osmotic fragility test right away before you give him a transfusion. 

E.
Testing the parents should confirm or rule out hereditary spherocytosis in this case. 

6.
A 12-year-old boy with a history of idiopathic thrombocytopenic purpura (ITP) 3 years ago presents with a 2-week history of fatigue and pallor and is found to have tachycardia and modest splenomegaly (2 cm below the costal margin). His growth has been good. His diet is varied. He’s had no fevers, night sweats, adenopathy, or gastrointestinal symptoms. His labs include a hemoglobin of 6 g/dl, MCV 97 fl, platelets 68,000/mm3, LDH 1,100 U/L, uric acid normal, and minimally elevated indirect bilirubin 2 mg/dl. The retic count is 9%. The smear shows no schistocytes, no teardrops or blasts, and lots of polychromatophilic red cells. Some giant platelets are seen. Anisocytosis is present. Hypersegmentation is absent. DAT is positive for IgG. You suspect Evans syndrome, perhaps related to underlying immunologic disturbance. His prior “ITP” responded promptly to 5 days of prednisone, but he’s not been seen much in the interim. Which of the following statements is most likely to be true about this patient? 

A.
He should promptly have a bone marrow aspirate and biopsy to rule out leukemia—certainly before he receives steroids. 

B.
The macrocytosis suggests a primary nutritional or bowel absorption problem. 

C.
His apparent autoimmune hemolytic anemia (AIHA) is likely to respond to prednisone, but the kinetics of response may be different for red cells and platelets, and higher doses and a longer course are indicated than when he had ITP alone in the past. 

D.
This can’t be due to a mutation in the Fas system (i.e., autoimmune lymphoproliferative syndrome [ALPS]) because he has no massive adenopathy. 

E.
The AIHA is likely to be short-lived/self-resolving. No therapy is necessary. 

7.
A 15-year-old girl presents with a 3-day history of fevers, abdominal pain, fatigue, and pallor, and 1 day of severe headache. She was previously well, had not consumed red meat in weeks, and had neither diarrhea nor urinary symptoms. Nobody in the family has had anything like this in the past. Laboratory studies reveal Hb 7.1 g/dl, reticulocytes 14%, platelets 60 k/mm3, and normal WBC count and differential. The prothrombin time (PT) is normal, as is the partial thromboplastin time (PTT). The peripheral smear features numerous schistocytes, occasional nucleated red blood cells (RBC), and large platelets. Chemistry studies include total bilirubin 2.5 mg/dl (1.9 indirect, 0.6 direct), LDH 1,400 U/l, and creatinine 1.1 mg/dl. A pregnancy test is negative. Stool studies and antinuclear antibody studies are pending. Which of the following approaches would be most correct in this clinical scenario? 

A.
Send and wait for ADAMTS13 enzyme and inhibitor studies. This could be thrombotic thrombocytopenic purpura (TTP) and the etiology should be proven before initiation of therapy. 

B.
Microangiopathy and thrombocytopenia suggest disseminated intravascular coagulation (DIC), therefore, admit the patient to the intenstive care unit for supportive care and launch a search for etiology (e.g., infection or malignancy). 

C.
Initiate treatment for TTP immediately with plasmapheresis (+/- concomitant steroids) because the diagnosis of TTP best fits this scenario, the diagnosis is clinical, and the disorder can be life threatening. Send ADAM TS13 studies but don’t wait. 

D.
Follow renal function and provide supportive care for hemolytic uremic syndrome (HUS), which is more common than TTP in pediatrics, and initiate a search for E. coli O57H7 strains, which produce HUS-inducing toxins. 

E.
Transfuse for symptomatic anemia but only after saving blood for enzymatic studies because a congenital hemolytic anemia is likely. 

8.
A newborn infant female presents with jaundice on the second day of life, with total bilirubin 14 mg/dl and hemoglobin 12 g/dl. She is nursing vigorously and otherwise well. The peripheral smear reveals numerous bizarre forms, as if the cells had been through a Waring blender, with schistocytes, tiny fragments, many ovalocytes, marked polychromasia, and nucleated red blood cells (NRBCs) 60 per 100 WBC. The mother’s blood type is O positive, the child‘s is A negative. The DAT is negative. The reticulocyte count is 14%. Family history reveals that the gravida 1 para 1 (G1P1) mother has been told she has “elliptocytosis” and that she herself was transfused once in the newborn period and has been well ever since. A quick trip to the chart archives of the hospital produces the mother’s old chart and confirms her story. Both parents are of Sicilian descent and not known to be related. The father has no history of jaundice. Which of the following statements about this case is correct? 

A.
Although the mother had hereditary elliptocytosis (HE), this newborn smear seems (by description) to be much too severe for ordinary autosomal dominant HE due to spectrin mutations. This must be a recessive Ankyrin mutation affecting vertical interactions in the membrane. 

B.
Ordinary (mild) dominant HE often is more severe in the newborn period. It is possible that the newborn will have the same clinical course asthe  mother, although a more severe course (due to a silent mutation from the father, for example) can’t be ruled out until the clinical course is followed for months or longer.  
C.
The severity of early jaundice strongly suggests that there is not only elliptocytosis, but also an antibody-mediated hemolysis due to anti-A. 

D.
The smear as described is most suggestive of severe G6PD deficiency, which would account for the jaundice. 

E.
The Sicilian ancestry would support the likelihood of beta thalassemia major, even without consanguinity, because thalassemia alleles are extremely common in Southern Italy. 

9.
A 5-year-old girl presents to her pediatrician with acute onset of pallor and fatigue. Laboratory evaluation reveals a hemoglobin concentration of 5.2 gm/dL, MCV of 90 fL, reticulocyte count of 325K. Her urine is dark brown in color with 2+ blood on dipstick. Her DAT reveals 3+ polyspecific, negative IgG, and 3+ C3. Monospot is negative. Cold agglutinin titers also are negative. Stools are guiaic negative. Which of the following laboratory tests are most likely to reveal the diagnosis? 
A.
Absence of CD55 and CD59 on erythrocytes by flow cytometry

B.
Detection of an antibody with anti-I specificity in the patient’s serum

C.
Detection of a warm reactive panagglutinin in the patient’s serum

D.
Detection of a Donath-Landsteiner antibody in the patient’s serum

E.
Increased susceptibility to lysis on osmotic fragility testing

10.
A 17-year-old with no significant past medical history presents after her pediatrician notes that her lips are blue at an annual checkup. Oximetry readings are 84% saturated in room air. A quick emergency room visit leads to the following data: Hb 15.3 g/dl, reticulocyte count 2.1%, and PaO2 98 mm Hg by blood gas machine. The lab tech reports her blood is chocolate-brown in color and methemoglobin by co-oximetry is 12% (normal is less than 1%). The peripheral smear reveals normal morphology. The patient’s father is a dentist, and his office is off the garage of the family home. She works at an ice cream parlor. She denies recreational drug use. She started smoking cigarettes at age 15, and now smokes half a pack a day. Which of the following statements is true about this scenario? 

A.
The markedly elevated metHb could be due to either a congenital deficiency of cytochrome b5 reductase or surreptitious use of nitrous oxide or other nitrates, to which she may have access at home or at her job. 

B.
The role of the cytochrome reductase is to keep Hb in its oxidized (Fe+3) state. 

C.
Hemoglobin M rarely presents as cyanosis. 

D.
High-affinity hemoglobins must be kept in the differential diagnosis of methemoglobin. 

E.
Low-affinity hemoglobins cause not only cyanosis but also poor tissue oxygenation. 

11.
A 16-year-old member of the Spelunking Club at a Missouri high school presents to the emergency room with a complaint of a painful wound on the shin accompanied by palpitations and cola-colored urine a day after coming home from a camping trip. He has numerous nicks and scratches from a cave trip in the Ozark Mountains and one wound with a black central eschar. He has never had anemia or similar skin lesions before. He is of Northern European descent. His hemoglobin is 10.7 g/dL, with MCV 90, retics 9%, WBC 12,000/mm3 with 60% polys and 35% lymphs, platelets are 172,000/mm3, LDH 680 u/L, bilirubin 3.1 mg/dL total, 0.4 mg/dL direct. The peripheral smear reveals spherocytes and occasional fragments, with polychromasia, no NRBCs, and normal estimated platelet count. A DAT is positive for C3 and negative for IgG. The most likely etiology for this clinical scenario is
A.
Clostridium perfringens sepsis from the infected leg wound, which may be progressing to gangrene
B.
Brown recluse spider bite acquired from the caving adventure
C.
Autoimmune hemolytic anemia touched off by the leg infection, with a warm-reacting IgG
D.
Acute hemolysis from G6PD deficiency, perhaps exacerbated by nitrite-laced well water in the caves.
E.
PK deficiency
12.
A G4P3to4 33-year-old mother gives birth to a healthy 3.4-kg term female infant. Because two of her older siblings had ABO incompatibility with the mother, the baby’s cord blood and mother’s blood are sent for typing immediately after birth. The mother is type O positive and antibody screen positive. The infant is type O negative and DAT negative. The mother’s antibody is typed and appears to be an anti-Le (Lewis) antibody. Which of the following statements is most likely to be correct about this scenario? 

A.
The infant is at least as likely as her siblings to have jaundice and perhaps symptomatic hemolysis because Le is even more reactive than ABO. 
B.
The infant will not hemolyze from a maternal anti-Le because Lewis is not found on fetal red cells, and maternal antibodies to this glycoside antigen tend to be IgMs. 
C.
If the mother has a positive antibody screen, the infant will certainly have the same antibody from transplacental transfer; her DAT must be incorrect.  

D.
The risk to the infant for hemolysis would be much greater if mother was Kell (K) positive and the baby Kell negative. 

E.
ABO blood group strongly influences response to other antigens. Because there is no ABO mismatch in this infant, she is much more likely to react to the anti-Le than her siblings were. 

13
A 4-year-old girl immigrates to the United States from Central America. She has a history of recurrent pneumonia and failure to thrive. A sibling died in infancy from meconium ilius/bowel perforation. You are asked to review a peripheral smear when a CBC at her first well-child encounter in the United States reveals WBC 13,000/mm3 with 70% neutrophils, Hb 9.5 g/dL, Hct 28%, MCV 79 fL, retics 4%, platelets 540,000. The smear reveals numerous acanthocytes. The serum cholesterol is low, 90 mg/dL. Does this help reach a unifying diagnosis? 

A.
Yes, the clinical scenario suggests acute uremia; renal consultation is in order. 

B.
No, the differential diagnosis of acanthocytes includes hypothyroidism, vitamin E deficiency, and anorexia nervosa, and the scenario doesn’t distinguish. 

C.
Yes, a unifying diagnosis could be cystic fibrosis (CF), with secondary vitamin E deficiency. This would account for the sibling who died, the poor growth and lung infections, and untreated CF can have severe enough vitamin E malabsorption to have symptomatic anemia. 

D.
No, more often than not acanthocytes are artifacts. 

E.
Yes, the acanthocytes and low cholesterol suggest abetalipoproteinemia. 

14.
Shifts of the oxygen dissociation curve for red cells ex vivo help predict the clinical consequences of some red cell disorders. Correct examples might include the following: 

A.
In methemoglobinemia, the oxidized heme iron cannot bind oxygen well, reducing oxygen carrying capacity. 

B.
In PK deficiency, backup behind the metabolic block increases 2,3-BPG levels, shifting the O2 dissociation curve to the right and enhancing tissue oxygenation. This may compensate to a degree for the lower O2 carrying capacity from anemia in PK deficiency. 

C.
Marked reticulocytosis, which characterizes many congenital and acquired hemolytic anemias, leads to a clinically significant left shift in hemoglobin oxygenation curves. 

D.
Changes in O2 affinity in PK deficiency and methemoglobinemia are due to the Bohr effect of proton binding (or unbinding) to hemoglobin. 

E.
Oxygen dissociation curves are a property of the hemoglobin (i.e., HbF tighter and left shifted compared with HbA) and not affected by the metabolic status of the red cells. 

15.
Comparing and contrasting hereditary spherocytosis and hereditary elliptocytosis, it can be said that
A.
The two kinds of membrane disorders share the diagnostic challenge that sequencing of membrane protein genes is required to distinguish them from one another. 

B.
Splenectomy may improve anemia in both conditions, but this is most reliable in autosomal dominant elliptocytosis (HE). 

C.
“Silent” second mutations help to account for some individuals with severe HE phenotypes. 

D.
Hereditary pyropoikilocytosis (HPP) is a routine neonatal finding in spherocytosis but not in elliptocytosis. 

E.
Partial splenectomy has now been proven to be the most effective way to prevent gallstones while maintaining some immune function of the spleen in both disorders. 

Congenital and Acquired Hemolytic Anemias: Answers
Question 1

Answer: C

Explanation: TPI is an enzyme in the Embden-Myerhof pathway, catalyzing the interconversion of glyceraldehyde-3-phosphate and DHAP (dihydroxyacetone phosphate). Deficiency of TPI is a rare autosomal disorder, characterized by hemolytic anemia, neonatal hyperbilirubinemia, progressive neuromuscular dysfunction, increased susceptibility to infection, and cardiomyopathy. PK converts phosphoenolpyruvate to pyruvate in the glycolytic pathway. PK deficiency is the most common cause of hemolytic anemia due to defective glycolysis and is inherited as an autosomal recessive disorder (without neuromuscular disease). Glucose-6-phosphate dehydrogenase deficiency is inherited as an X-linked disorder and is necessary for the production of NADPH (nicotinamide adenine dinucleotide phosphate) in the hexose monophosphate shunt. NADPH is used for production of glutathione, which helps to prevent oxidative damage to erythrocytes. Pyrimidine-5’-nucleotidase participates in RNA degradation in reticulocytes. Deficiency of pyrimidine-5’-nucleotidase is inherited in an autosomal recessive manner and is associated with the presence of basophilic stippling in the erythrocytes. Lead is also a powerful inhibitor of pyrimidine-5’-nucleotidase and also is associated with basophilic stippling on the peripheral smear. Hexokinase deficiency is a rare autosomal recessive disorder associated with variable degrees of hemolysis.  

Question 2

Answer: D

Explanation: Despite the normal hemoglobin in scenario D, which suggests compensated hemolysis, the increased reticulocyte count, increased bilirubin, and decreased haptoglobin are most consistent with a diagnosis of hemolytic anemia. For scenario A, the decreased reticulocyte count is not typical. For scenario B, the decreased MCV is not typical of hemolytic anemia. For scenario C, the increased haptoglobin, although an acute phase reactant, is less suggestive of hemolytic anemia. For scenario E, the normal reticulocyte count, high MCV, and normal haptoglobin suggest the possibility of bone marrow failure or megaloblastic anemia rather than hemolytic anemia.

Question 3

Answer: A

Explanation: All women who carry a sex-linked mutant allele are chimeric for normal and abnormal red cells. Unequal X-chromosome inactivation can lead to more than half of red cell precursors carrying the abnormal gene and these women may be symptomatic under stress. B is incorrect. It is best to wait for red blood cell (RBC) recovery to test the enzyme because for the common A- African variant, newer cells have much more enzyme than older cells. Right after a hemolytic crisis, only the newer cells circulate. C is incorrect because the kinetics of bilirubin production and clearance vary within individuals, and the fresh fava beans may have been a greater stress for this patient than was birth. D is incorrect for the same reason as C. The acute stress may be more of a problem than the oxidant burden of daily life. E is incorrect. The African variant is milder than the other two regions of high G6PD prevalence. 

Question 4

Answer: D

Explanation: Answer A is incorrect for most hemolytic states except hereditary sherocytosis. However, transfusion requirements and growth problems may be partially ameliorated by splenectomy. Answer B probably is incorrect because PK deficiency is unique for the death of reticulated forms in the spleen and paradoxical increase in the periphery after splenectomy. Answer C is wrong on two fronts. First, the amino acid substitution Hb Hammersmith is isoelectric (no change in charge) so that it may not be distinguishable by some methods. Also, very unstable hemoglobins are hard to detect in the periphery, particularly when beta is a small minority in the newborn period. Answer E is wrong. Howell-Jolly bodies are nuclear remnants. Heinz bodies are precipitated hemoglobin seen only with supravital stains.

Question 5

Answer: C

Explanation: Pronounced anemia a couple of weeks after birth is very common in hereditary spherocytosis for reasons that are not entirely clear. The mutation does not need to be severe to cause this effect, and about one-third of hereditary spherocytosis patients have “new mutations,” so testing the family may not suffice (E is incorrect). A is incorrect because the nadir renders retic counts relatively useless for several weeks. Normal goes down to zero. B is incorrect because the kinetics of newborn jaundice vary from individual to individual. D is incorrect because the incubated test is much more sensitive, and the test has relatively poor predictive characteristics in the newborn period compared with a few months later; though if positive now, an incubated test would be conclusive. 

Question 6

Answer: C

Explanation: Most hematologists would take a positive DAT and reassuring peripheral blood film as evidence against leukemia in this clinical setting. Although folate and B12 deficiency are theoretically possible, the history and smear findings don’t support these as likely primary problems. D is based on the clinical versus mutation analyses of ALPS patients. Fas pathway mutations are common in Evans syndrome, even when overt adenopathy or other problems of ALPS are not present. In contrast to paroxysmal cold hemoglobinuria (PCH) and some other pediatric immune cytopenias, the AIHA associated with Evans syndrome could be protracted and require immunosuppression for months or longer. 

Question 7

Answer: C

Explanation: Initiate treatment for TTP immediately with plasmapheresis (+/- concomitant steroids) because the diagnosis of TTP best fits this scenario, the diagnosis is clinical, and the disorder can be life threatening. Send ADAMTS13 studies but don’t wait. This scenario is very typical for TTP, which can be life-threatening. In this case, primary antibody-mediated TTP is likely because there is no history of drugs, pregnancy, or congenital causes. Answer A is incorrect because the screening tests for the antibody to the von Willebrand–cleaving protease, and the functional consequences of the antibody (low levels) are not good enough or fast enough in 2015 to be used for real-time diagnosis, though they are helpful in research settings. Answer B is incorrect because the normal PT and PTT rule out DIC, although the smears cannot necessarily be differentiated. Answer D is incorrect as a management strategy, although it is true that in pediatrics as a whole, HUS is more common than TTP. In postpubertal patients with no clinical exposures to suggest HUS, it is prudent to start down the TTP road immediately and, in variant cases, to pursue supportive studies even as pheresis and often steroids are begun. Answer E would be correct for many kinds of hemolytic anemias, but this is the wrong clinical scenario based on the clinical history and the lab findings, which support intravascular hemolysis. 

Question 8

Answer: B

Explanation: Answer A is incorrect because vertical interaction problems in the red cell membrane cause spherocytosis (loss of membrane) whereas lateral interactions cause elliptocytosis. Answer C is incorrect because the DAT is negative (despite the A-O “setup”), and ABO antibodies are rarely of substantial import in primiparous mothers. When they are significant, the DAT should be discernable, even if subtle. ABO incompatibility is much more common than anti-A or B hemolysis. Answer D is incorrect because the smear is not really compatible with G6PD as the major problem, and this is a girl with an apparently unaffected father. Answer E is incorrect because beta hemoglobinopathies are essentially never apparent at birth, and only manifest as beta later in the first year or more of life. The smear doesn’t suggest thalassemia either. Severe hypochromia and microcytosis are present in symptomatic thalassemia syndromes (at an appropriate age). 

This particular patient did have dominant elliptocytosis, but went on to have severe, transfusion-dependent hemolysis and eventually evidence of myopathy, with dramatically elevated serum CPK but low serum aldolase. She proved to be a compound heterozygote for two distinct mutations in the aldolase A gene, for which her parents were asymptomatic carriers. She ultimately succumbed to severe rhabdomyolysis with a febrile illness. See Yao et al., Blood, 2004. Sometimes patients have more than one hemolytic disorder!

Question 9

Answer: D

Explanation: This presentation is most consistent with the diagnosis of PCH, which is characterized by a cold reactive IgG antibody that binds at 4 °C in the extremities or the face and then activates complement when warmed to 37 °C centrally. PCH usually is an acute, self-limited illness and often occurs after infectious illnesses such as upper respiratory infections, varicella, mumps, influenza, or infectious mononucleosis. The diagnostic testing requires that the blood sample be kept warm until delivered to the laboratory, where it will be tested at both 4 °C and 37 °C for the presence of a biphasic hemolysin, the Donath-Landsteiner antibody, which usually is directed against antigens of the P antigen system, with lysis occurring when the sample is warmed. 

Paroxysmal nocturnal hemoglobinuria (PNH) would be diagnosed by the absence of CD55 or CD59 on the cells, but would not be common at this age and would not be associated with a positive DAT. Patients with cold agglutinin disease often have IgM antibodies with anti-I specificity, but in this case, the cold agglutinin titers were negative. Osmotic fragility testing can be abnormal in any disorder with production of spherocytes, including warm antibody–mediated immune hemolytic disease as well as hereditary spherocytosis, but is not likely useful in this scenario.

Question 10

Answer: A

Explanation: The differential diagnosis for methemoglobinemia includes drugs, defects in the system that keeps hemoglobin REDUCED (not oxidized), and abnormal hemoglobins that oxidize spontaneously. Dentists have occupational exposure and access to nitrous oxide used as an anesthetic. Whipped cream pressurized canisters at ice cream stores are propelled by nitrous oxide cartridges (“whippets”), which can be abused as a recreational drug. Cigarette smoking causes carboxyhemoglobin from carbon monoxide, not methemoglobin. Answer B is wrong because the reductase helps keep hemoglobin in its reduced Fe2+ state. Answer C is wrong because hemoglobin M often causes cyanosis (though it is a rare disease). Answer D is incorrect because high-affinity hemoglobins cause poor tissue oxygen delivery, but the blood is very red, saturations is not falsely measured as low, and cyanosis is not seen. Answer E is only half right: cyanosis may be found with some low-affinity hemoglobins, but tissue oxygen delivery generally is adequate at the capillary-tissue boundary because of low affinity.

Question 11

Answer: B

Explanation: Brown recluse spiders are common in caves and dark recesses in the Midwest. Lesions typically progress to have necrotic centers and often require surgical debridement. Acquired spherocytic anemia with or without positive DAT for complement has been reported for Brown recluse bites. A is incorrect. Clostridial sepsis, which can also cause spherocytic anemia, typically is a disease of critically ill patients, and the leg lesion isn’t the typical story for impending gangrene either. Answer C could account for the spherocytes, but the negative DAT for IgG would be relatively unusual for ordinary warm IgG AIHA (whereas it could occur with cold IgGs, very high avidity low titer IgG, and IgM cold agglutinins). The patient is at relatively low ethnic risk of G6PD, and nitrates are problems for methemoglobin, not acute spherocytic anemia. G6PD usually causes blister cells, spherocytes would not be expected. The peripheral smear in PK deficiency can be quite bland, spherocytes are not expected, and PK deficiency is a lifelong recessive disorder, not an acute problem in teens.  

Question 12

Answer: B

Explanation: Lewis is an example of a fetal antigen to which the mother might react, but never causes hemolytic disease of the newborn (HDN) because it is not a red cell antigen, but a hitch hiker from other tissue (e.g., endothelial membrane glycoproteins). Thus, answer A is incorrect. C is wrong on two counts. Maternal IgMs like anti-Le and the anti-A or B isohemagglutinns do not cross the placenta well, and fetal red cells lack high expression of many antigens, so that even positive maternal IgGs do not necessarily cause a detectable + IgG DAT in an infant with HDN, depending on the antigen density. D proposes a low-risk setup, not high risk, because the infant lacks the K antigen (which is a strong sensitizer when the infant is positive and the mother is negative). E is half true. ABO mismatch protects against primary materinal sensitization to Rh, but, again, Le won’t cause a reaction, so the lack of ABO mismatch is not relevant here.  

Question 13

Answer: C

Explanation: The smear helped point to a diagnosis of CF in this patient. There is no suggestion of renal failure here. The differential diagnosis listed in B is correct, but the scenario does help us distinguish it. Acanthocytes can be artifacts of staining but a smear should be repeated if there is a strong suspicion that they are real because they aid in diagnosis. A cholesterol of 90 is not low enough in a child to suggest absence of apolipoprotein B, and this rare diagnosis would not fit with the clinical synopsis. 

Question 14

Answer: B

Explanation: A is incorrect because the binding of oxygen to methb is not decreased, but increased. It is easy to get confused that methemoglobinemia causes cyanosis and chocolate-colored blood, but this is an effect of the spectral properties of met HB, not its oxygen binding. C is incorrect because to a first approximation, reticulocytosis doesn’t have a reproducible or significant effect on the dissociation curve. Under marrow stress, more HbF is produced, which is in fact left shifted, but this is a minor effect compared with the increased 2,3BPG in PK deficiency. The Bohr effect (protonated Hb loses oxygen more easily) accounts for the increased tissue unloading of O2 in academia (or local acidic tissue), but does not account for the changes in heme or in 2,3BPG binding. These are distinct effects, so D is wrong. E is a common misunderstanding. Red cell pH, 2,3BPG and PK status all markedly affect the oxygen affinity of HbA, the P50 of naked hemoglobin is much lower (oxygen binds more tighly) than in red cells. 

Question 15

Answer: C 

Explanation: Dominant HE is often quite benign, with no signs of hemolysis, only morphology. If a child is the first severely affected in a family of dominant HE, one fairly typical explanation is contribution of an otherwise silent (nonelliptocytic) mutation from the other parent. A is wrong because the two disorders are readily distinguished by peripheral smear in nearly all cases, though some cases of “spherocytic elliptocytosis” or of extreme discordance among family members may be elucidated by sequencing. The membrane protein genes are challenging to sequence because of large numbers of repeated domains. This is best reserved for expert laboratories. Answer B is backwards. Total splenectomy is most reliable in ameliorating HS compared to all other hemolytic anemias. This has to do with the spleen being the main site of red cell membrane “conditioning” in HS. The varied effects of splenectomy in hemolytic anemias seem to turn up on board exams. D is also backwards. HPP in newborns frequently is resolved to benign elliptocytosis by childhood. HPP is not related to spherocytosis. E is wrong because it has not been proven (yet) that partial splenectomy has these beneficial properties, though that is the hope. In fact, gallstone risk persists to the extent that hemolysis persists after partial splenectomy, especially as the spleen tends to grow back to a degree. 
