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1.  A 1 year old male diagnosed with Glanzmann thrombasthenia is referred to you. Remembering that this disorder is caused by a lack of the glycoprotein complex IIb-IIIa, you perform platelet aggregation studies expecting to see:

A.  Increased aggregation to low dose ristocetin

B.  Absent aggregation to all agonists

*C.  Absent aggregation to all agonists except ristocetin

D. Absent aggregation only to ristocetin

E. Absent second wave aggregation to adenosine diphosphate and epinephrine

Answer:  Patients with Glanzmann thrombasthenia lack the glycoprotein IIb-IIIa complex that is responsible for platelet binding to fibrinogen. Therefore, patients with this condition lack a platelet aggregation response to all agonists except ristocetin.  Aggregation to ristocetin is preserved because this tests the interaction of factor glycoprotein complex Ib-IX with von Willebrand, so answer B is not correct.

Increased aggregation to low dose ristocetin occurs in platelet-type von Willebrand disease (vWD) and Type 2B vWD. Both conditions result in increased binding of platelets to von Willebrand factor.  In platelet- type vWD the defect is glycoprotein Ib on the platelets, while in Type 2B vWD the mutation is in the von Willebrand factor molecule.  Patients with Bernard-Soulier syndrome (BSS) lack the glycoprotein complex Ib- IX that is essential for adhesion of platelets to the vascular endothelium mediated by von Willebrand factor.  Therefore, patients with this condition lack a platelet aggregation response to ristocetin.  Lack of second wave aggregation to adenosine disphosphate and epinephrine is seen in dense granule storage disease.  

2. A 3 day old Caucasian infant has petechiae on his face and trunk.  The infant is well appearing and physical examination is otherwise normal.  The infant’s CBC is unremarkable apart from a platelet count of 6,000/mm3.  Platelet morphology is normal with the exception of a few large platelets. There is no maternal history of ITP or lupus and maternal platelet count is 187,000/mm3. The infant’s thrombocytopenia most likely results from which of the following:

*A. Alloantibodies reactive against HPA - 1a on the platelet surface

B. Autoantibodies reactive against common antigens on the platelet surface
C. Absent platelet alpha granules
D. Autoantibodies reactive against platelet factor 4 and heparin complexes 
E. Alloantibodies reactive against glycoprotein Ib-IX
Answer:  The most likely explanation for severe thrombocytopenia in an otherwise healthy infant with no concerning maternal history of thrombocytopenia is neonatal alloimmune thrombocytopenia (NAIT) resulting from maternal antibodies directed against paternally derived antigen expressed by the infant’s platelets.  The most common antigen involved is Human Platelet Antigen- 1a (HPA-1a), accounting for approximately 80% of such cases in Caucasian. In the Asian population the most common antigen is HPA-4a (80%). NAIT can result in severe bleeding and requires prompt treatment. It is recommended that the platelet count be kept above 30,000/mm3. This can be accomplished by giving maternal platelets, if available, or a combination of random donor platelets and intravenous immunoglobulin (IVIg).  

If the mother’s platelet count was low or history was concerning for autoimmunity then maternal immune thrombocytopenia due to IgG auto-antibodies reactive against common antigens on the infant’s platelets would be most likely. In this setting severe hemorrhage is much less common and treatment with IVIg can be reserved for children with active bleeding. 
Autoantibodies against the complex of heparin and platelet factor 4 are the cause of heparin-induced thrombocytopenia. Alloantibodies to glycoprotein Ib-IX can occur in patients with Bernard-Soulier Syndrome following platelet transfusions. Absence of alpha granules can be seen in gray platelet syndrome associated with findings on light microscopy.   

3.  A 15 year old presents with acute onset of bruising. On physical examination the child is lethargic.  CBC shows a hemoglobin concentration of 8.7 g/dl, WBC 5,600/mm3 with a normal differential, and platelet count of 6,000/mm3. Creatinine is 0.8 mg/dL. Reticulocyte count is 10%.  Peripheral blood smear shows red cell fragmentation and a few large platelets.  What is the appropriate management at this time?

A. Platelet transfusion

B. Intravenous immunoglobulin

C. Hemodialysis

*D. Plasmapheresis

E.  High-dose corticosteroids

Answer:  This child has thrombotic thrombocytopenic purpura (TTP). The classic clinical “pentad” of TTP is microangiopathic hemolytic anemia, thrombocytopenia, decreased renal function, depressed neurological function, and fever.  TTP results when the metalloprotease ADAMTS13, responsible for cleaving ultralarge multimers of von Willebrand factor, is either absent (congenital) or inhibited by antibodies (acquired). Without this protease platelets bind to large vWF multimers and form micothrombi, resulting in thrombocytopenia and microangiopathic hemolytic anemia. TTP is a medical emergency, so prompt recognition and initiation of plasmapheresis is essential. 

High-dose corticosteroids can be added in patients who are not responding to plasmapheresis alone. Hemodialysis is first line treatment for hemolytic uremic syndrome.  Platelet transfusions are contraindicated in TTP, and intravenous immunoglobulin does not have a significant role. 

4.  A 4 year old male with no past medical history of bleeding is referred because of epistaxis. An ear, nose, and throat doctor ordered a PFA-100 test.  The results show prolongation of the PFA closure time with epinephrine, but not with adenosine diphosphate. Based on these results you suspect he has recently taken aspirin. The effect of aspirin on platelet function is a result of which of the following?

A. Inhibition of the glycoprotein IIb/IIIa receptor

B. Increased release of prostacyclin 

*C. Irreversible inhibition of cyclooxygenase 1
D. Irreversible inhibition adenosine diphosphate receptors 

E. Reversible inhibition of cyclooxygenase 1

Answer: Aspirin (ASA) blocks thromboxane A2 synthesis from arachidonic acid by irreversibly inhibiting cyclooxygenase 1. The result is impaired platelet aggregation.  Because epinephrine is dependent on thromboxane A2, ASA will influence the PFA-100 with epinephrine but will be normal with adenosine diphosphate (ADP), which can aggregate platelets directly without thromboxane.   The effects of ASA last the life of the platelet, approximately 7 days to 10 days.  

Nonsteroidal anti-inflammatory medications reversibly inhibit cyclooxygenase 1.  A new class of drugs acts by inhibiting the glycoprotein IIb/IIIa receptor causing platelets to be unable to bind fibrinogen and aggregate.  Dipyridamole causes a release of prostacyclin, an inhibitor of platelet aggregation. Thienopyridines, such as Clopidogrel, act by irreversibly inhibiting ADP receptors, important in inducing platelet conformational changes and aggregation.

5. You are examining a 7 month old male infant who is admitted to the hospital with pneumonia. You notice that he has eczema to his face and scattered petechiae on his trunk. CBC is normal with the exception of a platelet count of 17,000/mm3 with small platelets on the peripheral blood smear.  What test is most likely to yield a diagnosis?

A.  Flow cytometric evaluation of platelet glycoproteins

B.  Electron microscopic evaluation of platelets

C.  Evaluation of von Willebrand factor multimers

*D.  Gene mutation or gene product testing
E. Immunohistochemical staining
Answer: This is child most likely has Wiskott - Aldrich syndrome (WAS).  WAS is an X-linked condition associated with thrombocytopenia, eczema, and immunodeficiency. It is caused by a mutation in the WASP gene and should be considered in any male with thrombocytopenia and small platelets. The diagnosis can be confirmed by showing an abnormality in the WASP gene or its protein product.  X-linked thrombocytopenia (XLT) is also caused by a mutation involving WASP, but only results in thrombocytopenia without the additional complications of WAS.  

Electron microscopic evaluation is used to determine the absence of dense granules (normal platelet size). Flow cytometric evaluation of platelet glycoproteins can diagnose Glanzmann thrombasthenia (normal platelet size) and Bernard-Soulier Syndrome (macrothrombocytopenia).  Von Willebrand factor levels and multimers can establish a diagnosis of platelet-type von Willebrand disease (vWD) or Type 2B vWD (normal size platelets). Immunohistochemical staining can help identify MYH9 protein aggregates in the neutrophils of patients with MYH9-related disorders (macrothrombocytopenia).  

6. A 9 year old female with sensorineural hearing loss is found to have thrombocytopenia on a CBC during an evaluation for easy bruising. Her platelet count is 75,000/mm3. On the peripheral blood smear greater than 50% of platelets are the size of a red blood cell.  Close evaluation of her neutrophils reveals that many contain small blue inclusions.  What is the primary defect in this disorder?

A. Mutation affecting the thrombopoietin receptor

B. Mutation affecting the WASP protein

C. Enhanced binding of von Willebrand factor to the platelets

D. Mutation in the HOX gene

*E. A mutation in the MYH9 gene

Answer: This patient likely has an MYH9-related disorder, representing a group of disorders caused by mutations involving non-muscle heavy-chain myosin-9.  The patients can have sky-blue inclusions in their neutrophils called Dohle Bodies, nephritis, cataracts, and/or sensorineural hearing loss in addition to bleeding.  

WAS is an X-linked condition associated with thrombocytopenia, eczema, and immunodeficiency. It is caused by a mutation in the WASP gene and should be considered in any male with thrombocytopenia and small platelets.  X-linked thrombocytopenia (XLT) is also caused by a mutation involving WASP, but only results in thrombocytopenia without the additional complications of WAS.  Congenital amegakaryocytic thrombocytopenia is caused by mutations affecting the thrombopoietin receptor and Type 2B von Willebrand disease (vWD) and platelet-type vWD result from enhanced binding of von Willebrand factor to the platelets.  Mutations in the HOX gene have recently been identified in patients with amegakarocytic thrombocytopenia and radial-ulnar synostosis (ATRUS). 

7.  A 5 year old female is referred to you because of recurrent epistaxis. The parents are first cousins. Past medical history is significant for strabismus surgery at 3 years of age.  On physical examination you notice oculocutaneous albinism.  Platelet count and peripheral blood smear are normal.  Which of the following is most likely absent in her platelets? 

A. ADAMTS13

*B. Adenosine diphosphate

C. Fibrinogen

D. Platelet factor 4

E. Thrombin

Answer:  Hermansky-Pudlak Syndrome, an autosomal recessive disorder, causes a bleeding diathesis due to a lack of dense granules in the platelets which is demonstrated on electron microscopy. The disease is associated with occulocutaneous albinism, pulmonary fibrosis, strabismus and nystagmus. Dense granules contain small molecules such as adenosine triphosphate, adenosine diphosphate, serotonin and calcium.  Platelet aggregation studies will therefore show absent second wave in response to adenosine diphosphate and epinephrine.

Alpha granules contain proteins such as fibrinogen, platelet factor 4, von Willebrand factor, and thrombospondin.  Thrombin is a potent platelet agonist but is not contained in platelet granules.  ADAMTS13 is a metalloprotease responsible for cleaving ultralarge von Willebrand mutlimers and not contained within the platelet.  

8.  A 4 year old girl presents with acute onset of bruising, petechiae, and epistaxis. History and physical examination are otherwise unremarkable. CBC reveals a platelet count of 8,000/mm3 but is otherwise normal.  Blood smear shows a few large platelets and you diagnosis her with ITP.  You decide to treat her with intravenous immunoglobulin (IVIg) given her epistaxis. What side effect do you monitor for following IVIg administration?

A. Red cell hemolysis 

*B. Aseptic meningitis 

C. Serum sickness

D. Hypertension

E. Disseminated intravascular coagulopathy

Answer:  Treatment for children with newly diagnosed ITP is associated with side effects.  Aseptic meningitis is a side effect of IVIg, usually resulting in a severe headache.  The majority of children will recover over the course of a several days.  Often patients with aseptic meningitis are treated with corticosteroids; however nothing has been shown to decrease the duration of symptoms and symptoms may recur with reinfusion.  
Anti-D immunoglobulin causes antibody-coated red cells to undergo intravascular and extravascular hemolysis and an expected decline in hemoglobin.  Fatal reports of disseminated intravascular hemolysis have also been reported with anti-D. Ant-D immunoglobulin is therefore not recommended for children with significant bleeding, anemia, or who are direct antiglobulin test positive.  It is also not effective following splenectomy.  

Serum sickness can occur with Rituximab and hypertension is associated with high-dose corticosteroid administration.

9. A 7 month old infant is evaluated for gastrointestinal bleeding and easy bruising. Physical examination shows shortened forearms, bruising and petechiae.  Radiograph of her forearms shows bilateral absent radii.  Her CBC is normal with the exception of a platelet count of 13, 000/mm3. What management do you offer to the family? 

A. Gene testing to confirm the diagnosis

B. Chromosome breakage analysis 
C. Referral for bone marrow transplantation

D. Splenectomy

*E. Supportive care with platelet transfusions 

Answer:  This child has thrombocytopenia absent radii (TAR) syndrome.  The genetic defect causing TAR is unknown.  Children with TAR usually begin to have resolution of their thrombocytopenia by the second year of life. Therefore, treatment consists of supportive care, including platelet transfusions for episodes of bleeding.  

Gene testing and bone marrow transplant should be considered in children with congenital amegakaryocytic thrombocytopenia (CAMT), which is not associated with skeletal findings.  Chromosome breakage analysis and bone marrow transplantation are indicated for children with Fanconi anemia (FA).  Children with TAR syndrome will have normal bilateral thumbs, distinguishing it from FA.  Splenectomy can raise the platelet count in X-linked thrombocytopenia or Wiskott-Aldrich syndrome.  Intravenous immunoglobulin is used for immune mediated thrombocytopenia, but does not have a role in congenital thrombocytopenias.  

10.  The ICU calls you because a child who underwent open heart surgery 7 days ago has developed mild thrombocytopenia (45,000/mm3).  Her fibrinogen and D-dimer levels are normal.  She has swelling of her left leg where her femoral catheter was placed.  What is the most important next step?

A. Request heparin-associated antibody testing

*B. Discontinue all heparin in IV lines and flushes

C. Transfuse with platelets

D. Perform ultrasound of the lower extremity

E. Remove the femoral catheter

Answer:  A possible diagnosis is heparin-induced thrombocytopenia (HIT).  HIT is caused by autoantibodies to complexes of platelet factor 4 and heparin. HIT should be suspected in patients with a greater than 50% decrease in platelet count from baseline within 5-10 days of heparin exposure. Thrombocytopenia is rarely severe and other causes of thrombocytopenia must be excluded.  The single most important management step is discontinuation of all heparin and employing alternative anticoagulation if necessary. 

Heparin- associated antibody testing can help confirm the diagnosis, but appropriate management should not be withheld while awaiting results.  Anti-body testing should only performed in patients with a high pre-test probability of having HIT as false positives can occur. This patient also needs evaluation and treatment of her lower leg swelling, most likely secondary to thrombosis; however removal of heparin is critical. Platelet transfusions are contraindicated in HIT.

11.  You have been following a child with refractory immune thrombocytopenia.  Six months ago you notice he had cervical lymphadenopathy and performed a bone marrow examination which was negative for malignancy.  In addition to having thrombocytopenia he now has mild neutropenia, continues to have cervical lymphadenopathy, and has developed splenomegaly.  What diagnostic test do you order at this visit?

*A. Lymphocyte subset analysis

B. IgG levels

C. Anti-neutrophil antibodies

D. Abdominal ultrasound examination

E. Repeat bone marrow evaluation

Answer:  in patients with autoimmune cytopenias and recurrent lymphadenopathy and hepatosplenomegaly a diagnosis of autoimmune lymphoproliferative syndrome (ALPS) should be considered.  This condition results from impaired FAS-mediated apoptosis usually due to mutations involving the FAS receptor.  The diagnosis can be suspected by demonstrating an increase in alpha/beta double negative (CD4/CD8 -) T cells on flow cytometry.  

Decreased IgG levels are observed in common variable immunodeficiency, which can be associated with autoimmune cytopenias but does not cause lymphoproliferation as is seen in ALPS.  Confirmation of a positive test for anti-neutrophil antibodies will help confirm that the neutropenia is immune in nature, but will not establish the underlying disorder.  An abdominal ultrasound examination is useful in cases of isolated splenomegaly to evaluate echogenicity and for portal vein thrombosis.  A repeat bone marrow evaluation in this case is unlikely to yield new information. 

12.  A 23 year old woman who had ITP 9 years ago delivers a healthy male infant.  During your physical examination you notice he has scattered petechiae.  CBC is normal with the exception of a platelet count of 35,000/mm3.  The infant is vigorous and alert.  How do you manage him?

A.  Oral corticosteroids

B.  Transfusion with maternal platelets

C.  Transfusion with random donor platelets

*D.  Observation

E.   Intravenous immunoglobulin

Answer:  This case highlights two important concepts: 1) Neonatal autoimmune thrombocytopenia can occur even in women who had ITP years prior to pregnancy and are in remission. 2) It stresses the differences between neonatal allo- and autoimmune thrombocytopenia.  Neonatal autoimmune thrombocytopenia is less likely to be associated with severe thrombocytopenia, rarely leads to intracranial hemorrhage, and can usually be managed with conservative measures.  In this case the infant does not require treatment, but he should be watched closely because the platelet count nadirs at 3-4 days of life.  If treatment is necessary either intravenous immunoglobulin (IVIg) or high dose corticosteroids can be used.  

Neonatal alloimmune thrombocytopenia is a more severe condition. Such infants require treatment to keep the platelet count above 30,000/mm3. This can be accomplished by giving maternal platelets, if available, or a combination of random donor platelets and IVIg.  

13. You are consulted because a child has a platelet count of 21,000/mm3 and requires elective surgery.  He is otherwise well and has no evidence of bleeding including no bruising or petechiae.  He has no history of bleeding in the past with tonsillectomy and adenoidectomy.  The peripheral blood smear shows platelet clumps. What do you recommend?

A. Platelet transfusion prior to surgery

B. Cancellation of surgery until the platelet count rises

*C. Repeat the CBC using a tube containing ACD or citrate

D. No further evaluation necessary before surgery

E. Repeat the CBC using a tube containing EDTA 

Answer:  This is a case of pseudothrombocytopenia.  It is due to antibodies that bind to an antigen only exposed in the presence of EDTA anticoagulant.  The antibody causes clumping in vitro only.  The best way to confirm the diagnosis is to obtain a CBC in a tube containing citrate, ACD, or heparin.  Usually a different anticoagulant will correct the artificially low platelet count. 

Platelet transfusion is not necessary as the patient is not truly thrombocytopenic.  Surgery should not be cancelled until the platelet count recovers, as this might not occur if an EDTA containing tube is again used for the platelet count.  It is always best, however, to confirm the diagnosis and exclude other causes of thrombocytopenia prior to proceeding to surgery. 

14. A 10 yr old is seen by the pediatrician for fever.  He is noted on physical examination to have some rhinorrhea, otitis media, and mild cervical lymphadenopathy. His CBC is normal with exception of a platelet count of 987,000/mm3. What testing and treatment is recommended at this time?

*A. Reassurance and follow-up CBC in a few weeks
B. Bone marrow evaluation

C. JAK2 kinase mutation testing

D. Alpha-fetoprotein levels
E. Anti-platelet drug therapy 

Answer:  This child most likely has a reactive thrombocytosis and reassurance to the family can be provided.  Bone marrow biopsy and JAK2 mutation testing are part of the evaluation for essential (or primary) thrombocytosis, caused by an overproduction of platelets by the bone marrow.  This condition is very rare in a child of this age with another explanation for thrombocytosis. Thrombocytosis is associated with hepatoblastoma and is usually seen in children younger than 10 years of age and is speculated to result from increase thrombopoietin production from the liver. Without findings of hepatomegaly the likelihood of this diagnosis is low and alpha-fetoprotein levels do not need to be checked. Reactive thrombocytosis is not associated with thrombosis and therefore anti-platelet drug therapy is not indicated. 

15. A 6 year old child presents with a 24-hour history of bruising and petechiae.  There is no history of additional bleeding.  Physical examination is notable for petechiae and bruising with no other active bleeding, lymphadenopathy, or hepatosplenomegaly.  Complete blood count reveals a platelet count of 2,000/mm3 but is otherwise normal.  You are able to identify one large platelet on the peripheral blood smear.  There are no red or white cell abnormalities. What further laboratory assessment should you perform to confirm the diagnosis?

A.  Bone marrow evaluation

B.  Platelet antibody testing

C.  PT and PTT
D.  Serum immunoglobulin levels

*E. None
Answer: This child has a classic presentation for immune thrombocytopenia purpura.  The diagnosis of ITP is confirmed by careful history and physical examination in addition close review of blood counts and the peripheral blood.  Isolated thrombocytopenia in an otherwise normal child is most consistent with ITP.  

The role of bone marrow aspiration and biopsy in children with ITP remains controversial. Platelet antibody testing has low sensitivity.  While underlying coagulopathies need to be considered in children with bleeding, the finding of petechiae is more likely related to a platelet disorder and given the low platelet count observed in this child further testing with a PT and PTT is not warranted.  
16.  A 24 month old male, whose parents are first cousins, is referred to you because of a significant episode of epistaxis. The parents report that the child had bleeding following circumcision and some gum oozing when his primary teeth erupted. Evaluation with a PT/PTT, factor VIII and IX levels, and Von Willebrand factor levels were all normal.  You suspect a platelet disorder and platelet aggregation studies reveal absent aggregation to ristocetin, but normal otherwise. You recall this is due to an absence of which of the following:

A. Glycoprotein VI

B. Glycoprotein IIb-IIIa

C. Platelet HLA antigens

*D. Glycoprotein Ib-IX

E. Dense granules

Answer:  The child in the vignette has a history concerning for a bleeding diathesis.  Given the normal coagulation profile and bleeding that is primarily mucosal in nature consideration should be given to platelet disorders.  The platelet aggregation study results are due to an absence of glycoprotein Ib-IX which results in macrothrombocytopenia and poor platelet function seen in the autosomal recessive disorder Bernard-Soulier Syndrome. Glycoprotein Ib-IX causes platelet adhesion to the vascular endothelium via von Willebrand factor.  

Glycoprotein VI binds collagen. Glycoprotein IIb-IIIa binds to fibrinogen and is absent in Glanzmann thrombasthenia.  HLA antibodies are present on the platelet surface.  No condition has been identified that is associated with an absence of HLA antibodies; however antibodies against HLA antigens are the most common cause of platelet refractoriness following platelet transfusions.  Absence of dense granules would result in a lack of second wave aggregation to adenosine diphosphate and epinephrine.  
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1.
A 1-year-old male diagnosed with Glanzmann thrombasthenia is referred to you. Remembering that this disorder is caused by a lack of the glycoprotein complex IIb-IIIa, you perform platelet aggregation studies expecting to see
A.
Increased aggregation to low-dose ristocetin

B.
Absent aggregation to all agonists

C.
Absent aggregation to all agonists except ristocetin

D.
Absent aggregation only to ristocetin

E.
Absent second-wave aggregation to adenosine diphosphate and epinephrine

2.
A 4-year-old male with no past medical history of bleeding is referred because of epistaxis. An ear, nose, and throat doctor ordered a PFA-100 test. The results show prolongation of the PFA closure time with epinephrine but not with adenosine diphosphate (ADP). Based on these results you suspect he has recently taken aspirin. The effect of aspirin on platelet function is a result of which of the following?
A.
Inhibition of the glycoprotein IIb/IIIa receptor

B.
Increased release of prostacyclin 

C.
Irreversible inhibition of cyclooxygenase 1
D.
Irreversible inhibition ADP receptors 

E.
Reversible inhibition of cyclooxygenase 1

3.
You are examining a 7-month-old male infant who is admitted to the hospital for inguinal hernia repair. He has a past medical history of two episodes of pneumonia. You notice that he has scattered petechiae on his trunk. CBC is normal with the exception of a platelet count of 17,000/mm3 with small platelets on the peripheral blood smear. What is the primary defect in this disorder?
A.
Mutation affecting the thrombopoietin receptor

B.
Mutation affecting the WASP protein

C.
Autoantibody against platelet membrane receptors

D.
Mutation in the HOX gene

E.
Abnormal binding of von Willebrand factor to the platelets

4.
An 11-year-old female is found to have mild thrombocytopenia on a CBC. Her platelet count is 75,000/mm3. On the peripheral blood smear more than 50% of platelets are the size of a red blood cell. Close evaluation of her neutrophils reveals that many contain small blue inclusions. In addition to bleeding, what else do you consider the child at risk for? 
A.
Pancytopenia

B.
Sensorineural hearing loss

C.
Recurrent infections

D.
Liver failure

E.
Myeloid leukemia

5.
A 5-year-old is referred to you because of recurrent epistaxis. The parents are first cousins. Past medical history is significant for strabismus surgery at 3 years of age. On physical examination you notice oculocutaneous albinism. Platelet count and peripheral blood smear are normal. What test is most likely to yield a diagnosis?

A.
Flow cytometric evaluation of platelet glycoproteins

B.
Electron microscopic evaluation of platelets

C.
Evaluation of von Willebrand factor multimers

D.
Bone marrow examination

E.
Light microscopic evaluation of the platelets

6.
A 7-month-old infant is evaluated for gastrointestinal bleeding and easy bruising. Physical examination shows shortened forearms, bruising, and petechiae. Radiograph of her forearms shows bilateral absent radii. Her CBC is normal with the exception of a platelet count of 13,000/mm3. Based on these findings, what management do you offer to the family? 

A.
Gene testing to confirm the diagnosis

B.
Supportive care with platelet transfusions 

C.
Referral for bone marrow transplantation

D.
Splenectomy

E.
Chromosome breakage analysis 

7.
You have been following a child with refractory immune thrombocytopenia. Six months ago you notice he had cervical lymphadenopathy and performed a bone marrow examination which was negative for malignancy. In addition to having thrombocytopenia, he now has mild neutropenia, continues to have recurrent cervical lymphadenopathy, and has developed splenomegaly. What additional test is most likely to be diagnostic at this time?

A.
Lymphocyte subset analysis

B.
IgG levels

C.
Anti-neutrophil antibody test

D.
Abdominal ultrasound examination

E.
Repeat bone marrow evaluation

8.
An 8-month-old child with easy bruising presents with a large hematoma following immunizations. The platelet count is normal, but platelet aggregation studies reveal absent aggregation to ADP, epinephrine, and collagen. This finding is due to an inability of platelets to bind with which of the following:

A.
von Willebrand factor

B.
Fibrinogen

C.
Collagen

D.
Laminin

E.
Thrombin

9.
You are consulted because a child has a preoperative platelet count of 21,000/mm3 and requires elective surgery. He is otherwise well and has no evidence of bleeding including no bruising or petechiae. He underwent a tonsillectomy and adenoidectomy in the past without significant bleeding. The peripheral blood smear shows platelet clumps. What do you recommend at this time?

A.
Platelet transfusion prior to surgery

B.
Cancellation of surgery until the platelet count returns to normal

C.
Repeat the CBC using a tube containing ACD or citrate

D.
Intravenous immunoglobulin

E.
Repeat the CBC using a tube containing EDTA 

10.
A 6-year-old child presents with a 24-hour history of bruising and petechiae. There is no history of additional bleeding. Physical examination is notable for petechiae and bruising with no other active bleeding, lymphadenopathy, or hepatosplenomegaly. CBC reveals a platelet count of 2,000/mm3 but is otherwise normal. You are able to identify one large platelet on the peripheral blood smear. There are no red or white cell abnormalities. What further laboratory assessment should you perform to confirm the diagnosis?

A.
Bone marrow evaluation

B.
Platelet antibody testing

C.
Lymphocyte subset analysis

D.
Serum immunoglobulin levels

E.
None

11.
A 2-year-old male was diagnosed with Bernard-Soulier syndrome at an outside hospital and is referred to you. Remembering that this disorder is caused by a lack of the glycoprotein complex Ib-IX, you recognize that this patient will have recurrent episodes of bleeding secondary to
A.
A lack of platelet activation

B.
A lack of platelet release of ADP

C.
A lack of clot stabilization

D.
A lack of platelet adhesion

E.
A lack of platelet aggregation

12.
A 15-year-old is admitted to the general pediatrics service with intermittent abdominal pain and diarrhea. She is subsequently diagnosed with Crohn’s disease and you are consulted because her initial evaluation revealed a platelet count of 958,000/mm3 but was otherwise normal. What testing and treatment is recommended at this time?

A.
Treatment targeted at her Crohn’s disease

B.
Bone marrow evaluation

C.
JAK2 kinase mutation testing

D.
Alpha-fetoprotein levels

E.
Antiplatelet drug therapy
13.
A 16-year-old lethargic child presents with acute onset of bruising. CBC shows a hemoglobin concentration of 7.6 g/dl, WBC 6,700/mm3 with a normal differential, and platelet count of 4,000/mm3. Direct Coombs test is negative. Creatinine is 0.7 mg/dL. Reticulocyte count is 12%. Review of the peripheral blood smear is most likely to reveal
A.
Target cells

B.
Spherocytes

C.
Bite cells

D.
Schistocytes

E.
Burr cells

14.
A 2-day-old infant, born via complicated vaginal delivery to a 20-year-old, is noted to have scattered petechiae, however, is otherwise well. The infant’s CBC reveals isolated thrombocytopenia with a platelet count of 34,000/mm3. Maternal platelet count is 215,000/mm3, however, she states that when she was 15 years old she underwent splenectomy for her ITP and has been in remission ever since. Parental history is unknown. The most likely cause of thrombocytopenia in this neonate is
A.
Absent megakaryocytes 

B.
Alloantibodies reactive against HPA–1a

C.
Autoantibodies reactive against common antigens on the platelet surface

D.
Alloantibodies reactive against HPA–5b 

E.
Neonatal sepsis

15.
The ICU calls you because a child who underwent open heart surgery 7 days ago has developed mild thrombocytopenia (45,000/mm3). Her fibrinogen and D-dimer levels are normal. She has swelling of her left leg where her femoral catheter was placed. The child’s thrombocytopenia most likely results from antibodies to which of the following antigens?
A.
Platelet factor 4

B.
Glycoprotein IIb/IIIa

C.
Platelet-dense granules

D.
Glycoprotein IX 

E.
P selectin
16.
An infant comes to you with a diagnosis of a platelet disorder. The child was seen previously by a hematologist, and the mother was told that the child had large poorly stained platelets. On physical examination you note that child has a palpable spleen 3 cm below the costal margin. This child is likely to have absent release of what substance from the platelets?

A.
Serotonin

B.
ADP
C.
Fibrinogen

D.
Calcium

E.
Thrombin

Disorders of Platelets: Answers
Question 1

Answer: C

Explanation: Patients with Glanzmann thrombasthenia lack the glycoprotein IIb-IIIa complex that is responsible for platelet binding to fibrinogen. Therefore, patients with this condition lack a platelet aggregation response to all agonists except ristocetin. Aggregation to ristocetin is preserved because this tests the interaction of factor glycoprotein complex Ib-IX with von Willebrand, so answer B is not correct.

Increased aggregation to low-dose ristocetin occurs in platelet-type von Willebrand disease (VWD) and Type 2B VWD. Both conditions result in increased binding of platelets to von Willebrand factor. In platelet- type VWD the defect is glycoprotein Ib on the platelets, while in Type 2B VWD the mutation is in the von Willebrand factor molecule. Patients with Bernard-Soulier syndrome (BSS) lack the glycoprotein complex Ib-IX that is essential for adhesion of platelets to the vascular endothelium mediated by von Willebrand factor. Therefore, patients with this condition lack a platelet aggregation response to ristocetin. Lack of second-wave aggregation to adenosine disphosphate and epinephrine is seen in dense granule storage disease. 

Question 2

Answer: C

Explanation: Aspirin (ASA) blocks thromboxane A2 synthesis from arachidonic acid by irreversibly inhibiting cyclooxygenase 1. The result is impaired platelet aggregation. Because epinephrine is dependent on thromboxane A2, ASA will influence the PFA-100 with epinephrine but will be normal with ADP. The effects of ASA last the life of the platelet, approximately 7 to 10 days. 

Nonsteroidal anti-inflammatory medications reversibly inhibit cyclooxygenase 1. A new class of drugs act by inhibiting the glycoprotein IIb/IIIa receptor, preventing platelets from binding fibrinogen and aggregating. Dipyridamole causes a release of prostacyclin, an inhibitor of platelet aggregation. Thienopyridines act by irreversibly inhibiting ADP receptors, important in inducing platelet conformational changes and aggregation.

Question 3

Answer: B

Explanation: This is child has Wiskott- Aldrich Syndrome (WAS), an X-linked condition associated with thrombocytopenia, eczema, and immunodeficiency. It is caused by a mutation in the WASP gene and should be considered in any male with thrombocytopenia and small platelets. X-linked thrombocytopenia (XLT) also is caused by a mutation involving WASP, but results only in thrombocytopenia without the additional complications of WAS.  

Congenital amegakaryocytic thrombocytopenia is caused by mutations affecting the thrombopoietin receptor, immune thrombocytopenia is associated with antibodies directed against platelet membrane receptors, and Type 2B VWD and platelet-type VWD result from enhanced binding of von Willebrand factor to the platelets. Mutations in the HOX gene have recently been identified in patients with amegakarocytic thrombocytopenia and radial-ulnar synostosis (ATRUS). 

Question 4

Answer: B

Explanation: This patient likely has an MYH9-related disorder, representing a group of disorders caused by mutations involving myosin heavy chain-A. The patients can have sky-blue inclusions in their neutrophils called Döhle Bodies, nephritis, cataracts, and/or sensorineural hearing loss in addition to bleeding. 

Each of the additional answers above, except liver disease, can accompany congenital causes of thrombocytopenia. Congenital amegakarocytic thrombocytopenia (CAMT) can progress to pancytopenia. Patients with familial platelet disorder with predisposition to myeloid malignancy have a 30% increase risk of acute myeloid leukemia (AML). Recurrent infections are part of the clinical picture of WAS. 

Question 5

Answer: B

Explanation: Hermansky-Pudlak syndrome, an autosomal recessive disorder, causes a bleeding diathesis because of lack of dense granules in the platelets. This can be demonstrated by electron microscopy. The disease is associated with occulocutaneous albinism, pulmonary fibrosis, strabismus, and nystagmus. Platelet aggregation studies show absent second wave in response to ADP and epinephrine.

Flow cytometric evaluation of platelet glycoproteins can diagnose Glanzmann thrombasthenia and Bernard-Soulier syndrome. Von Willebrand factor levels and multimers can establish a diagnosis of platelet-type VWD or Type 2B VWD. Gray platelet syndrome, due to lack of alpha granules, can be diagnosed by light microscopy. Bone marrow evaluation is indicated if bone marrow failure is suspected. 

Question 6

Answer: B

Explanation: This child has thrombocytopenia absent radii (TAR) syndrome. The genetic defect causing TAR is unknown. Children with TAR usually begin to have resolution of their thrombocytopenia by the second year of life. Therefore, treatment consists of supportive care, including platelet transfusions for episodes of bleeding. 

Gene testing and bone marrow transplant should be considered in children with congenital amegakaryocytic thrombocytopenia (CAMT), which is not associated with skeletal findings. Chromosome breakage analysis and bone marrow transplantation are indicated for children with Fanconi anemia (FA). Children with TAR syndrome will have normal bilateral thumbs, distinguishing it from FA. Splenectomy can raise the platelet count in X-linked thrombocytopenia or WAS. Intravenous immunoglobulin is used for immune-mediated thrombocytopenia, but does not have a role in congenital thrombocytopenias. 

Question 7

Answer: A

Explanation: In patients with autoimmune cytopenias and recurrent lymphadenopathy and hepatosplenomegaly, a diagnosis of autoimmune lymphoproliferative syndrome (ALPS) should be considered. This condition results from impaired FAS-mediated apoptosis, usually due to mutations involving the FAS receptor. The diagnosis can be suspected by demonstrating an increase in alpha/beta double negative (CD4/CD8 -) T cells on flow cytometry. 

Decreased IgG levels are observed in common variable immunodeficiency, which can be associated with autoimmune cytopenias but does not cause lymphoproliferation as is seen in ALPS. Confirmation of a positive test for anti-neutrophil antibodies will help confirm that the neutropenia is immune in nature, but will not establish the underlying disorder. An abdominal ultrasound examination is useful in cases of isolated splenomegaly to evaluate echogenicity and for portal vein thrombosis. A repeat bone marrow evaluation in this case is unlikely to yield new information. 

Question 8

Answer: B

Explanation: This platelet aggregation pattern is consistent with Glanzmann thrombasthenia, a disorder resulting from absent or reduced glycoprotein IIb/IIIa. This prevents platelet binding to fibrinogen, impairs their aggregation, and results in a severe bleeding diathesis. 

Glycoprotein complex Ib-IX binds primarily to von Willebrand factor and is absent in Bernard-Soulier syndrome. The other answers each have an associated receptor that is not yet associated with a clinical condition. 

Question 9

Answer: C

Explanation: This is a case of pseudothrombocytopenia. It is due to antibodies that bind to an antigen exposed only in the presence of EDTA anticoagulant. The antibody causes clumping in vitro only. The best way to confirm the diagnosis is to obtain a CBC in a tube containing citrate, ACD, or heparin. Usually, a different anticoagulant will correct the artificially low platelet count. 

Platelet transfusion is not necessary because the patient is not truly thrombocytopenic. Surgery should not be cancelled until the platelet count recovers because this might not occur if an EDTA-containing tube is again used for the platelet count. It is always best, however, to confirm the diagnosis and exclude other causes of thrombocytopenia prior to proceeding to surgery. Intravenous immunoglobulin would be appropriate preoperatively therapy for a child with immune thrombocytopenic purpura (ITP), not pseudothrombocytopenia. 

Question 10

Answer: E

Explanation: This child has a classic presentation for ITP. The diagnosis of ITP is confirmed by careful history and physical examination in addition to close review of blood counts and the peripheral blood. Isolated thrombocytopenia in an otherwise normal child is most consistent with ITP. 

Bone marrow evaluation is not necessary in patients with ITP and no atypical features (e.g., hepatosplenomegaly or additional cytopenias). Leukemia in the severely thrombocytopenic child with a normal blood count otherwise is untenable. Platelet antibody testing has low sensitivity. Although underlying immunoregulatory conditions need to be considered in children with ITP, such testing should be llimited and based on findings on history or physical examination. 

Question 11

Answer: D

Explanation: Patients with Bernard-Soulier syndrome lack the glycoprotein complex Ib-IX that is essential for adhesion of platelets to the vascular endothelium mediated by von Willebrand factor resulting in a significant bleeding diathesis. Platelet activation follows adhesion and is mediated by the change in platelet shape that exposes the GPIIb/IIIa receptor, which is absent in Glanzmann thrombasthenia. Next platelet aggregation occurs through the cross-linking of activated platelets by fibrinogen or vWF. Propagation of the clot occurs with the addition of procoagulants that assemble on the aminophosphlipid rich surface of the activated platelets. Lastly, the clot is stabilized by factor XIIIa. Release of ADP is regulated by platelet-dense granules not by surface glycoproteins. 

Question 12

Answer: A

Explanation: This child most likely has a reactive thrombocytosis and treatment should be targeted at the management of the underlying disease. Bone marrow biopsy and JAK2 mutation testing are part of the evaluation for essential (or primary) thrombocytosis, caused by an overproduction of platelets by the bone marrow. This condition is very rare in a child of this age with another explanation for thrombocytosis. Thrombocytosis is associated with hepatoblastoma, which usually is seen in younger children. It is speculated to result from increase thrombopoietin production from the liver. Checking alpha-fetoprotein levels would therefore be appropriate in a child in whom you have a clinical suspicion of hepatoblastoma based on additional findings such as abdominal mass, distention, and hepatomegaly. Reactive thrombocytosis is not associated with thrombosis and therefore antiplatelet drug therapy is not indicated. 

Question 13

Answer: D

Explanation: This child has thrombotic thrombocytopenic purpura (TTP). The classic clinical “pentad” of TTP is microangiopathic hemolytic anemia, thrombocytopenia, decreased renal function, depressed neurological function, and fever. TTP results when the metalloprotease ADAMTS13, responsible for cleaving ultralarge multimers of von Willebrand factor, is either absent (congenital) or inhibited by antibodies (acquired). Without this, protease platelets bind to ultralarge vWF multimers and form micothrombi, resulting in thrombocytopenia and microangiopathic hemolytic anemia. The hallmark of microangiopathic hemolytic anemias is the finding of schistocytes on the peripheral blood smear. 

TTP is a medical emergency, so prompt recognition and initiation of plasmapheresis is essential. High-dose corticosteroids can be added in patients who are not responding to plasmapheresis alone. Hemodialysis is first-line treatment for hemolytic uremic syndrome. 

Question 14

Answer: C

Explanation: The differential diagnosis of thrombocytopenia in the neonate is highly diverse and includes general etiologies such as prenatal events, infections, antibodies, and congenital disorders of platelet production. Because the pregnancy was uncomplicated and the infant is otherwise well, prenatal events such as hypoxia and pre-eclampsia are less likely. This also argues against infection, either bacterial or viral, as a cause. Alloantibodies against HPA-1a and HPS-5b both occur with neonatal alloimmune thrombocytopenia and should be considered in any infant without a cause of thrombocytopenia and a mother with a normal platelet count. 

The maternal history of ITP in the above scenario makes a diagnosis of neonatal autoimmune thrombocytopenia more likely. Even though the infant’s mother is in remission following splenectomy, the mechanism of remission following splenectomy does not eliminate her ability to make antiplatelet antibodies. Neonatal autoimmune thrombocytopenia can occur even in women who had ITP years prior to pregnancy and are in remission. In autoimmune thrombocytopenia, unlike alloimmune, the antibodies are against common antigens on the platelet surface. Neonatal autoimmune thrombocytopenia is less likely to be associated with severe thrombocytopenia, rarely leads to intracranial hemorrhage, and can usually be managed with conservative measures. Infants do not require treatment, but should be watched closely because the platelet count reaches a nadir at 3–4 days of life. If treatment is necessary, either IVIG or high-dose corticosteroids can be used. 

Question 15

Answer: A

Explanation: This represents a possible case of heparin-induced thrombocytopenia (HIT). HIT is caused by autoantibodies to complexes of platelet factor 4 and heparin. HIT should be suspected in patients with a greater than 50% decrease in platelet count from baseline within 5–10 days of heparin exposure. Thrombocytopenia is rarely severe, and other causes of thrombocytopenia must be excluded. The single most important management step is discontinuation of heparin and employing alternative anticoagulation if necessary. Heparin-associated antibody testing can help confirm the diagnosis, but appropriate management should not be withheld while awaiting results. Antibody testing should only be performed in patients with a high pretest probability of having HIT because false positives can occur. This patient also needs evaluation and treatment of her lower leg swelling—most likely secondary to thrombosis—however, removal of heparin is critical. Platelet transfusions are contraindicated in HIT.

Glycoprotein IX is absent in Bernard-Soulier syndrome and glycoprotein IIb/IIIa is absent in Glanzmann’s thrombasthenia; of note, patients with these conditions can develop alloantibodies to this glycoprotein following platelet transfusions. There is no known condition that results from antibodies against P selectin or platelet-dense granules. 

Question 16

Answer: C

Explanation: The child described above has Gray platelet syndrome. This is an autosomal recessive condition characterized by macrothrombocytopenia, splenomegaly, and a mild bleeding diathesis. It can be associated with myelofibrosis and splenomegaly. The typical finding of faint platelets on light microscopy comes from an absence of alpha granules with the platelets. Alpha granules contain proteins such as fibrinogen, platelet factor 4, von Willebrand factor, and thrombospondin. The dense granules contain small molecules such as adenosine triphosphate, ADP, serotonin, and calcium. Thrombin is a potent platelet agonist but is not contained in platelet granules. 
2017

Disorders of Platelets 
Cindy Neunert, MD MSCS  
1. A 1-year-old male diagnosed with Glanzmann thrombasthenia is referred to you. Remembering that this disorder is caused by a lack of the glycoprotein complex IIb-IIIa, you perform platelet aggregation studies expecting to see

A. Increased aggregation to low dose ristocetin

B. Absent aggregation to all agonists

C. Absent aggregation to all agonists except ristocetin

D. Absent aggregation only to ristocetin

E. Absent second wave aggregation to adenosine diphosphate and epinephrine

Answer: C

Explanation: Patients with Glanzmann thrombasthenia lack the glycoprotein IIb-IIIa complex that is responsible for platelet binding to fibrinogen. Therefore, patients with this condition lack a platelet aggregation response to all agonists except ristocetin. Aggregation to ristocetin is preserved because this tests the interaction of factor glycoprotein complex Ib-IX with von Willebrand, so answer B is not correct.

Increased aggregation to low dose ristocetin occurs in platelet-type von Willebrand disease (vWD) and Type 2B vWD. Both conditions result in increased binding of platelets to von Willebrand factor. In platelet-type vWD the defect is glycoprotein Ib on the platelets, while in Type 2B vWD the mutation is in the von Willebrand factor molecule. Patients with Bernard-Soulier syndrome (BSS) lack the glycoprotein complex Ib-IX that is essential for adhesion of platelets to the vascular endothelium mediated by von Willebrand factor. Therefore, patients with this condition lack a platelet aggregation response to ristocetin. Lack of second wave aggregation to adenosine disphosphate and epinephrine is seen in dense granule storage disease. 
2. A 4-year-old male with no past medical history of bleeding is referred because of epistaxis. An ear, nose, and throat doctor ordered a PFA-100 test. The results show prolongation of the PFA closure time with epinephrine, but not with adenosine diphosphate (ADP). Based on these results you suspect he has recently taken aspirin (ASA). The effect of aspirin on platelet function is a result of what?

A. Inhibition of the glycoprotein IIb/IIIa receptor

B. Increased release of prostacyclin

C. Irreversible inhibition of cyclooxygenase 1
D. Irreversible inhibition adenosine diphosphate receptors

E. Reversible inhibition of cyclooxygenase 1

Answer: C
Explanation: ASA blocks thromboxane A2 synthesis from arachidonic acid by irreversibly inhibiting cyclooxygenase 1. The result is impaired platelet aggregation. Because epinephrine is dependent on thromboxane A2, ASA will influence the PFA-100 with epinephrine but will be normal with ADP. The effects of ASA last the life of the platelet, approximately 7–10 days. 
Nonsteroidal anti-inflammatory medications reversibly inhibit cyclooxygenase 1. A new class of drugs act by inhibiting the glycoprotein IIb/IIIa receptor preventing platelets from binding fibrinogen and aggregate. Dipyridamole causes a release of prostacyclin, an inhibitor of platelet aggregation. Thienopyridines act by irreversibly inhibiting ADP receptors, which is important in inducing platelet conformational changes and aggregation.

3. You are examining a 7-month-old male who is admitted to the hospital for inguinal hernia repair. He has a past medical history of two episodes of pneumonia. You notice that he has scattered petechiae on his trunk. Complete blood count (CBC) is normal with the exception of a platelet count of 17,000/mm3 with small platelets on the peripheral blood smear. What is the primary defect in this disorder?

A. Mutation affecting the thrombopoietin receptor

B. Mutation affecting the WASP protein

C. Autoantibody against platelet membrane receptors

D. Mutation in the HOX gene

E. Abnormal binding of von Willebrand factor to the platelets

Answer: B

Explanation: This child has Wiskott- Aldrich Syndrome (WAS), an X-linked condition associated with thrombocytopenia, eczema, and immunodeficiency. It is caused by a mutation in the WASP gene and should be considered in any male with thrombocytopenia and small platelets. X-linked thrombocytopenia (XLT) also is caused by a mutation involving WASP, but results only in thrombocytopenia without the additional complications of WAS. 
Congenital amegakaryocytic thrombocytopenia is caused by mutations affecting the thrombopoietin receptor, immune thrombocytopenia is associated with antibodies directed against platelet membrane receptors, and Type 2B vWD and platelet-type vWD result from enhanced binding of von Willebrand factor to the platelets. Mutations in the HOX gene have been identified in patients with amegakarocytic thrombocytopenia and radial-ulnar synostosis (ATRUS). 
4.  An 11-year-old female is found to have mild thrombocytopenia on a CBC. Her platelet count is 75,000/mm3. On the peripheral blood smear, more than 50% of platelets are the size of a red blood cell. Close evaluation of her neutrophils reveals that many contain small blue inclusions:

In addition to bleeding, what else is this patient at risk for? 
A. Pancytopenia

B. Sensorineural hearing loss

C. Recurrent infections

D. Liver failure

E. Acute myeloid leukemia (AML)
Answer: B

Explanation: This patient likely has an MYH9-related disorder, representing a group of disorders caused by mutations involving myosin heavy chain-A. Patients can have sky-blue inclusions in their neutrophils called Döhle bodies, nephritis, cataracts, and sensorineural hearing loss in addition to bleeding. 
Each of the additional answers above, except liver disease, can accompany congenital causes of thrombocytopenia. Congenital amegakarocytic thrombocytopenia (CAMT) can progress to pancytopenia. Patients with familial platelet disorder with predisposition to myeloid malignancy have a 30% increase risk of AML. Recurrent infections are part of the clinical picture of WAS. 
5. A 5-year-old is referred to you because of recurrent epistaxis. The parents are first cousins. Past medical history is significant for strabismus surgery at 3 years old. On physical examination you notice oculocutaneous albinism. Platelet count and peripheral blood smear are normal. What test is most likely to yield a diagnosis?

A. Flow cytometric evaluation of platelet glycoproteins

B. Electron microscopic evaluation of platelets

C. Evaluation of von Willebrand factor multimers

D. Bone marrow examination

E. Light microscopic evaluation of the platelets

Answer: B

Explanation: Hermansky-Pudlak syndrome, an autosomal recessive disorder, causes a bleeding diathesis because of lack of dense granules in the platelets. This can be demonstrated by electron microscopy. The disease is associated with occulocutaneous albinism, pulmonary fibrosis, strabismus, and nystagmus. Platelet aggregation studies show absent second wave in response to ADP and epinephrine.

Flow cytometric evaluation of platelet glycoproteins can diagnose Glanzmann thrombasthenia and Bernard-Soulier syndrome. Von Willebrand factor levels and multimers can establish a diagnosis of platelet-type vWD or Type 2B vWD. Because of a lack of alpha granules, gray platelet syndrome can be diagnosed by light microscopy. Bone marrow evaluation is indicated if bone marrow failure is suspected. 
6. A 7-month-old infant is evaluated for gastrointestinal bleeding and easy bruising. Physical examination shows shortened forearms, bruising, and petechiae. Radiograph of her forearms shows bilateral absent radii. Her CBC is normal with the exception of a platelet count of 13,000/mm3. Based on these findings what management do you offer to the family? 

A. Gene testing to confirm the diagnosis

B. Supportive care with platelet transfusions

C. Referral for bone marrow transplantation

D. Splenectomy

E. Chromosome breakage analysis
Answer: B 

Explanation: This child has thrombocytopenia absent radii (TAR) syndrome. The genetic defect causing TAR is unknown. Children with TAR usually begin to have resolution of their thrombocytopenia by 2 years old. Therefore, treatment consists of supportive care, including platelet transfusions for episodes of bleeding. 
Gene testing and bone marrow transplant should be considered in children with CAMT, which is not associated with skeletal findings. Chromosome breakage analysis and bone marrow transplantation are indicated for children with Fanconi anemia (FA). Children with TAR syndrome will have normal bilateral thumbs, which distinguish it from FA. Splenectomy can raise the platelet count in X-linked thrombocytopenia or Wiskott-Aldrich syndrome. Intravenous immunoglobulin is used for immune mediated thrombocytopenia, but does not have a role in congenital thrombocytopenias. 
7. You have been following a child with refractory immune thrombocytopenia. Six months ago you noticed he had cervical lymphadenopathy and performed a bone marrow examination, which was negative for malignancy. In addition to having thrombocytopenia he now has mild neutropenia and recurrent cervical lymphadenopathy, and he has developed splenomegaly. What additional test is most likely to yield a diagnosis?

A. Lymphocyte subset analysis

B. IgG levels

C. Anti-neutrophil antibody test

D. Abdominal ultrasound examination

E. Repeat bone marrow evaluation
Answer: A
Explanation: In patients with autoimmune cytopenias and recurrent lymphadenopathy and hepatosplenomegaly, a diagnosis of autoimmune lymphoproliferative syndrome (ALPS) should be considered. This condition results from impaired FAS-mediated apoptosis, usually due to mutations involving the FAS receptor. The diagnosis can be suspected by demonstrating an increase in alpha/beta double negative (CD4/CD8 -) T cells on flow cytometry. 
Decreased IgG levels are observed in common variable immunodeficiency, which can be associated with autoimmune cytopenias but does not cause lymphoproliferation as is seen in ALPS. Confirmation of a positive test for anti-neutrophil antibodies will help confirm that the neutropenia is immune in nature, but will not establish the underlying disorder. An abdominal ultrasound examination is useful in cases of isolated splenomegaly to evaluate echogenicity and for portal vein thrombosis. A repeat bone marrow evaluation in this case is unlikely to yield new information. 

8. An 8-month-old infant with easy bruising presents with a large hematoma following immunizations. The platelet count is normal, but platelet aggregation studies reveal absent aggregation to adenosine diphosphate, epinephrine, and collagen. This finding is due to an inability of platelets to bind with 

A. von Willebrand factor

B. Fibrinogen

C. Collagen

D. Laminin

E. Thrombin
Answer: B
Explanation: This platelet aggregation pattern is consistent with Glanzmann thrombasthenia, a disorder resulting from absent or reduced glycoprotein IIb/IIIa. It prevents platelet binding to fibrinogen, impairs their aggregation, and results in a severe bleeding diathesis. 

Glycoprotein complex Ib-IX binds primarily to von Willebrand factor and is absent in Bernard-Soulier syndrome. The other answers each have an associated receptor that is not associated with a clinical condition. 

9. You are consulted because a child has a preoperative platelet count of 21,000/mm3 and requires elective surgery. He is otherwise well and has no evidence of bleeding, bruising, or petechiae. He underwent a tonsillectomy and adenoidectomy in the past without significant bleeding. The peripheral blood smear shows platelet clumps. What do you recommend at this time?

A. Platelet transfusion prior to surgery

B. Cancellation of surgery until the platelet count returns to normal

C. Repeat the CBC using a tube containing ACD or citrate

D. Intravenous immunoglobulin

E. Repeat the CBC using a tube containing EDTA

Answer: C

Explanation: This is a case of pseudothrombocytopenia, which is due to antibodies that bind to an antigen exposed only in the presence of EDTA anticoagulant. The antibody causes clumping in vitro only. The best way to confirm the diagnosis is to obtain a CBC in a tube containing citrate, ACD, or heparin. Usually a different anticoagulant will correct the artificially low platelet count. 

Platelet transfusion is not necessary, as the patient is not truly thrombocytopenic. Surgery should not be cancelled until the platelet count recovers, as this might not occur if an EDTA containing tube is used for the platelet count again. It is always best, however, to confirm the diagnosis and exclude other causes of thrombocytopenia prior to proceeding to surgery. Intravenous immunoglobulin would be appropriate preoperative therapy for a child with immune thrombocytopenic purpura (ITP), not pseudothrombocytopenia. 

10. A 6-year-old child presents with a 24-hour history of bruising and petechiae. There is no history of additional bleeding. Physical examination is notable for petechiae and bruising with no other active bleeding, lymphadenopathy, or hepatosplenomegaly. CBC reveals a platelet count of 2,000/mm3 but is otherwise normal. You are able to identify one large platelet on the peripheral blood smear. There are no red or white cell abnormalities. What further laboratory assessment should you perform to confirm the diagnosis?

A. Bone marrow evaluation

B. Platelet antibody testing

C. Lymphocyte subset analysis

D. Serum immunoglobulin levels

E. None
Answer: E
Explanation: This child has a classic presentation for ITP. The diagnosis of ITP is confirmed by careful history and physical examination in addition to close review of blood counts and the peripheral blood. Isolated thrombocytopenia in an otherwise normal child is most consistent with ITP. 
Bone marrow evaluation is not necessary in patients with ITP and no atypical features such as hepatosplenomegaly or additional cytopenias. Leukemia in the severely thrombocytopenic child with a normal blood count otherwise is untenable. Platelet antibody testing has low sensitivity. While underlying immunoregulatory conditions need to be considered in children with ITP, such testing should be limited and based on findings, history, or physical examination. 
11.  A 2-year-old male was diagnosed with Bernard-Soulier syndrome at an outside hospital and is referred to you. Remembering that this disorder is caused by a lack of the glycoprotein complex Ib-IX, you recognize that this patient will have recurrent episodes of bleeding secondary to 

A. A lack of platelet activation

B. A lack of platelet release of ADP

C. A lack of clot stabilization

D. A lack of platelet adhesion

E. A lack of platelet aggregation

Explanation: Patients with Bernard-Soulier syndrome (BSS) lack the glycoprotein complex Ib-IX that is essential for adhesion of platelets to the vascular endothelium mediated by von Willebrand factor, resulting in a significant bleeding diathesis. Platelet activation follows adhesion and is mediated by the change in platelet shape that exposes the GPIIb/IIIa receptor, which is absent in Glanzmann thrombasthenia. Next platelet aggregation occurs through the cross-linking of activated platelets by fibrinogen or von Willeband factor. Propagation of the clot occurs with the addition of procoagulants that assemble on the aminophosphlipid rich surface of the activated platelets. Lastly, the clot is stabilized by Factor XIIIa. Release of ADP is regulated by platelet dense granules not by surface glycoproteins. 

12. A 15-year-old girl is admitted to the general pediatrics service with intermittent abdominal pain and diarrhea. She is subsequently diagnosed with Crohn’s disease. You are consulted because her initial evaluation revealed a platelet count of 958,000/mm3, but was otherwise normal. What testing and treatment should you recommend at this time?

A. Treatment targeted at her Crohn’s disease

B. Bone marrow evaluation

C. JAK2 kinase mutation testing

D. Alpha-fetoprotein levels

E. Anti-platelet drug therapy 
Answer: A
Explanation: This child most likely has a reactive thrombocytosis, and treatment should be targeted at the management of the underlying disease. Bone marrow biopsy and JAK2 mutation testing are part of the evaluation for essential (or primary) thrombocytosis, caused by an overproduction of platelets by the bone marrow. This condition is very rare in a child of this age with another explanation for thrombocytosis. Thrombocytosis is associated with hepatoblastoma, which is usually seen in younger children and is a speculated result of increase thrombopoietin production from the liver. Checking alpha-fetoprotein levels would therefore be appropriate in a child in whom you have a clinical suspicion for hepatoblastoma based on additional findings such as abdominal mass, distention, and hepatomegaly. Reactive thrombocytosis is not associated with thrombosis and therefore anti-platelet drug therapy is not indicated. 

13. A 16-year-old lethargic child presents with acute onset of bruising. A CBC shows a hemoglobin concentration of 7.6 g/dl, white blood count (WBC) 6,700/mm3 with a normal differential, and platelet count of 37,000/mm3. Direct Coombs test is negative. Creatinine is 0.7 mg/dL. Reticulocyte count is 12%. Review of the peripheral blood smear is most likely to reveal 

A. Target cells

B. Spherocytes

C. Bite cells

D. Schistocytes

E. Burr cells

Answer: D

Explanation: This child has thrombotic thrombocytopenic purpura (TTP). The classic clinical pentad of TTP is microangiopathic hemolytic anemia, thrombocytopenia, decreased renal function, depressed neurological function, and fever. TTP results when the metalloprotease ADAMTS13, responsible for cleaving ultra-large multimers of von Willebrand factor, is either absent (congenital) or inhibited by antibodies (acquired). Without this protease platelets bind to ultralarge vWF multimers and form micothrombi, resulting in thrombocytopenia and microangiopathic hemolytic anemia. The hallmark of microangiopathic hemolytic anemias is the finding of schistocytes on the peripheral blood smear. 
TTP is a medical emergency, so prompt recognition and initiation of plasmapheresis is essential. High-dose corticosteroids can be added in patients who are not responding to plasmapheresis alone. Hemodialysis is first line treatment for hemolytic uremic syndrome. 

14. A 2-day-old infant, born via complicated vaginal delivery to a 20-year-old, is noted to have scattered petechiae but otherwise is well. The infant’s CBC reveals isolated thrombocytopenia with a platelet count of 34,000/mm3. Maternal platelet count is 215,000/mm3; however, she states that when she was 15-years-old she underwent splenectomy for her ITP and has been in remission ever since. Parental history is unknown. What is the most likely cause of thrombocytopenia in this neonate?
A. Absent megakaryocytes

B. Alloantibodies reactive against HPA – 1a

C. Autoantibodies reactive against common antigens on the platelet surface

D. Alloantibodies reactive against HPA – 5b

E. Neonatal sepsis
Answer: C
Explanation: The differential diagnosis of thrombocytopenia in the neonate is highly diverse and includes general etiologies such as prenatal events, infections, antibodies, and congenital disorders of platelet production. Because the pregnancy was uncomplicated and the infant is otherwise well, prenatal events such as hypoxia and preeclampsia are less likely. This also argues against infection, either bacterial or viral, as a cause. Alloantibodies against HPA-1a and HPS-5b both occur with neonatal autoimmune thrombocytopenia and should be considered in any infant without a cause of thrombocytopenia and a mother with a normal platelet count. 
The maternal history of ITP in the above scenario makes a diagnosis of neonatal autoimmune thrombocytopenia more likely. Even though the infant’s mother is in remission following a splenectomy, the mechanism of remission following splenectomy does not eliminate her ability to make anti-platelet antibodies. Neonatal autoimmune thrombocytopenia can occur even in women who had ITP years prior to pregnancy and are in remission. In autoimmune thrombocytopenia, unlike alloimmune, the antibodies are against common antigens on the platelet surface. Neonatal autoimmune thrombocytopenia is less likely to be associated with severe thrombocytopenia, rarely leads to intracranial hemorrhage, and can usually be managed with conservative measures. Infants do not require treatment, but should be watched closely because the platelet count reaches a nadir at 3–4 days of life. If treatment is necessary either intravenous immunoglobulin (IVIG) or high-dose corticosteroids can be used. 
15. The ICU calls you because a child who underwent open heart surgery with bypass and heparin 7 days ago has now developed mild thrombocytopenia (45,000/mm3). Her fibrinogen and D-dimer levels are normal. She has left leg swelling where her femoral catheter was placed. The child’s thrombocytopenia most likely results from antibodies to which antigens?
A. Platelet Factor 4

B. Glycoprotein IIb/IIIa

C. Platelet dense granules

D. Glycoprotein IX 

E. P selectin
Answer: A
Explanation: This represents a possible case of heparin-induced thrombocytopenia (HIT). HIT is caused by autoantibodies to complexes of platelet factor 4 and heparin. HIT should be suspected in patients with a greater than 50% decrease in platelet count from baseline within 5–10 days of heparin exposure. Thrombocytopenia is rarely severe, and other causes of thrombocytopenia must be excluded. The single most important management step is discontinuation of heparin and employment of alternative anticoagulation if necessary. Heparin-associated antibody testing can help confirm the diagnosis, but appropriate management should not be withheld while awaiting results. Anti-body testing should only be performed in patients with a high pre-test probability of having HIT, as false positives can occur. This patient also needs evaluation and treatment of her lower leg swelling, most likely secondary to thrombosis, however removal of heparin is critical. Platelet transfusions are contraindicated in HIT.

Glycoprotein IX is absent in Bernard-Soulier syndrome and glycoprotein IIb/IIIa is absent in Glanzmann’s thrombasthenia. Patients with these conditions can develop alloantibodies to this glycoprotein following platelet transfusions. There is no known condition that results from antibodies against P selectin or platelet dense granules. 
16. An infant comes to you with a platelet disorder diagnosis. The child was seen by a hematologist, and the mother was told that the child had large, poorly stained platelets. On physical examination you note that the child has a palpable spleen 3 cm below the costal margin. You review the peripheral blood smear and see the following:
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This child is likely to have absent release of what substance from the platelets?

A. Serotonin

B. Adenosine diphosphate

C. Fibrinogen

D. Calcium

E. Thrombin
Answer: C
Explanation: The child described above has Gray platelet syndrome. This is an autosomal recessive condition characterized by macrothrombocytopenia, splenomegaly, and a mild bleeding diathesis. It can be associated with myelofibrosis and splenomegaly. The typical finding of faint platelets on light microscopy comes from an absence of alpha granules with the platelets. Alpha granules contain proteins such as fibrinogen, platelet factor 4, von Willebrand factor, and thrombospondin. The dense granules contain small molecules such as adenosine triphosphate, adenosine diphosphate, serotonin, and calcium. Thrombin is a potent platelet agonist but is not contained in platelet granules. 

17. An 8-year-old male is referred by his neurologist for evaluation of thrombocytopenia noted on routine labs. The family denies any additional bleeding symptoms, and he underwent a tonsillectomy at age 3 without any bleeding complications. His past medical history is remarkable for seizures, which are well controlled on valproic acid. Family history is negative for any bleeding. His physical examination is normal. A CBC reveals a hemoglobin concentration of 11.9 g/dl, WBC 6,400/mm3 with a normal differential, and platelet count of 65,000/mm3. Review of the peripheral blood smear shows normal platelet morphology. What is the most likely cause of this patient’s thrombocytopenia?

A. Formation of immune complexes

B. Bone marrow suppression

   C. Nonimmune platelet destruction

   D. Hapten-dependent antibody destruction

   E. Noncovalent binding of drug to platelet glycoproteins

Answer: B
Explanation: This represents a case of drug-induced thrombocytopenia due to valproic acid. Drug-induced thrombocytopenia can occur through a variety of mechanisms. In the case of valproic acid, a mild thrombocytopenia can be seen in up to one-third of patients. It usually is dose-related and transient and can self-resolve even with ongoing drug exposure. It is the direct result of bone marrow suppression of megakaryocyte development. Nonimmune mechanisms occur with drugs such as desmopressin and tumor necrosis factor alpha due to altered platelet clearance. Penicillins can covalently bind to cell membrane proteins and induce hapten-mediated antibodies. Drug-induced thrombocytopenia, which occurs through noncovalent binding of drug with the platelet glycoproteins, is seen with quinine-type drugs. The exact mechanism is not known, but it is thought that binding of drug induces a conformation change or creates a “compound epitope,” which is then antibody sensitive. The formation of immune complexes is the mechanism of thrombocytopenia seen in heparin-induced thrombocytopenia. 
18. A 2-month-old female is seen in your vascular anomalies clinic for a large vascular tumor covering her right shoulder and arm. Her mom notes that the child has had increased bruising recently and has a rash that started yesterday. She denies any overt bleeding. On exam the child is well with a notable large hemangioma. She has scattered bruises and petechiae. Laboratory studies reveal a hemoglobin concentration of 10.2 g/dl, WBC 5,400/mm3 with a normal differential, and platelet count of 36,000/mm3. The PT is 17.2 seconds, PTT is 48.0 seconds, fibrinogen is 79, and d-dimer is elevated. Your best management at this time is

A. Surgical resection
B. Alpha-inteferon 2a

C. Corticosteroids and/or Vincristine
D. Antifbrinolytic therapy

E. Platelet transfusion

Answer: C
Explanation: This infant has a large vascular tumor and evidence of consumptive coagulopathy consistent with Kasabach-Merit syndrome. First line measures for treatment of vascular tumors with or without Kasabach-Merit syndrome include corticosteroid therapy and Vincristine. Alpha-Interferon 2a previously was a first line agent, however, given the incidence of spastic dyplegia, this is no longer recommended for first-line therapy. While surgery may be curative, careful consideration must be given to each patient to the risk of surgery, extent of the tumor into surround structures, and the degree of coagulopathy. Surgery generally is not undertaken emergently in otherwise stable children. Platelet transfusions are not indicated and are not effective because of ongoing rapid clearance. There is no evidence to support the use of antifibrinolytic agents. 

19. You receive a consult from the neonatal intensive care unit (NICU) for an infant with purpura. The infant was born via uncomplicated vaginal delivery to a 32-year-old female. Hospital course has been complicated by failure of the hearing screen and a patent ductus arteriosus. On examination you note scattered small, firm, non-blanching, blue-red lesions. The infant’s CBC reveals isolated thrombocytopenia with a platelet count of 40,000/mm3. Peripheral blood smear reveals normal red and white cell morphology and platelets that are normal in size. Which test is most likely to reveal the cause of thrombocytopenia in this neonate?

A. Blood culture

B. Maternal and paternal platelet genotyping

C. Genetic testing for mutations affecting the thrombopoietin receptor

D. Viral PCR

E. Bone marrow biopsy

Answer: D

Explanation: The most common cause of thrombocytopenia in the NICU is bacterial sepsis, however, careful consideration of additional history and physical examination findings may indicate additional causes. This infant has additional findings consistent with congenital rubella infection, such as a patent ductus ateriosus, hearing loss, and a “blueberry muffin” rash. Therefore, testing with Rubella PCR would be most likely to reveal the source of thrombocytopenia. Maternal and paternal genotyping can be undertaken in suspected cases of neonatal alloimmune thrombocytopenia, which usually is seen in an otherwise healthy infant. Genetic mutations affecting the thrombopoietin receptor agonist are seen in infants with congenital amegakaryocytic thrombocytopenia. A bone marrow biopsy would only be necessary after excluding additional causes of thrombocytopenia and in the setting of prolonged thrombocytopenia. 
20. A 15-year-old girl with severe Crohn’s disease was seen by her gastroenterologist for melenotic stool that has lasted 2 days. She had laboratory studies done at that visit that showed a hemoglobin of 7.8 g/dl, leukocyte count of 2,300/ mm3, and platelet count 15,000/ mm3. Her mean corpuscular volume is 110 fl. In your clinic you note a pale girl with scattered bruises but no additional findings. In addition to melanotic stools she reports having trouble concentrating at school recently, tingling in her feet, and an episode of epistaxis 2 days ago. What test is likely to confirm your diagnosis?

A. Bone marrow biopsy
B. DEB chromosome analysis

D. Schilling test
C. Serum cobalamin levels

E. Platelet antibody testing
Answer: C
Explanation: Children and adults with Crohn’s disease are at risk for cobalamin deficiency (Vitamin B12) because of poor absorption in the ileum. It is important to remember that thrombocytopenia, in the setting of additional cytopenias, should prompt consideration of cobalamin deficiency. The first step is to confirm the diagnosis by obtaining serum cobalamin levels. A bone marrow biopsy would provide supporting evidence of megaloblastic changes, however, it is not necessary if cobalamine levels support the diagnosis. Cytopenias should resolve within 2 weeks with replacement of cobalamin for treatment. The Schilling test evaluates patients for pernicious anemia caused by autoimmune destruction of intestinal parietal cells. This leads to a lack of intrinsic factor production and an inability to absorb cobalamin. This test is rarely used, as it has been replaced by newer methods. Although some cases of thrombocytopenia associated with cobalamin deficiency are possibly immune mediated, platelet antibody testing is not indicated in immune mediated thrombocytopenia due to the poor testing features of available tests. DEB chromosome testing would be indicated in the work-up of Fanconi anemia. Though appropriate to consider in patients with macrocytic pancytopenia, there is a more likely cause for this child’s condition.. 
21. A 15-year-old African American female with a history of blood transfusions for sickle cell disease suffers a pelvic fracture in a car accident. She is admitted to the ICU for management of the fracture and receives two units of red blood cells. On hospital day 7, you are consulted because she has some oozing from her venipuncture site. On examination, she is afebrile and, in addition to the oozing, you note oral mucosal purpura and ecchymosis. Her CBC and laboratory studies are notable for a hemoglobin of 10.0, g/dL, WBC of 6,200/ mm3, and a platelet count of 4,000/ mm3. Her PT is 12.4 seconds and her PTT is 24.5 seconds. Red and white blood cell morphology appears normal on a peripheral blood smear; the platelets are normal in size and appearance. The ICU would like assistance with her transfusions. What is the best management of future red blood cell transfusions for this patient? 

A. Avoidance of all blood products 
B. Use of minor antigen matched red cell products only
C. Administration of IV corticosteroids before any blood transfusion
D. Intravenous immunoglobulin prior to blood transfusions

E. Use of washed red blood cells
Answer: E
Explanation: This patient has suffered from post-transfusion purpura (PTP). This is a rare, but life-threatening condition. Approximately 7–10 days following a blood transfusion patients develop significant thrombocytopenia associated with a bleeding diathesis. PTP is most commonly due to alloimmunization against human platelet antigen (HPA)-1a. Upon re-exposure to platelet membrane containing blood products patients develop an anamnestic response. The blood bank should be notified, and confirmatory testing can be sent to identify the antibody in the patient and the platelet membrane genotype. The patient should be treated with IV immunoglobulin, 0.5-1.0 g/kg daily, for 2 days for immediate stabilization. Management of future transfusions is dependent upon removing any platelet membrane exposure. This can be achieved by washing the red cells or by providing matched product that is negative for the specific antigen. Minor antigen on the red cells may result in alloantibody directed red cell hemolysis, but does not affect the platelets. Premedication with either corticosteroids or intravenous immunoglobulin is not necessary. 
