Disorders of Platelets
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1. A sixteen-year-old boy had a liver transplant two years earlier for Wilson’s disease.  Medications include FK506, mycophenylate mofetil, and low dose of alternate-day prednisone.  He has been clinically stable with a normal blood count.  He now presents with bruising and fatigue.  Physical examination shows petechiae and slight jaundice.  Hemoglobin is 8.7 g/dl, MCV 93 fl, WBC 5,400 with 40% neutrophils and an otherwise normal differential, platelet count 6,000 per mm3, and reticulocyte count is 12%.  Peripheral blood smear shows marked thrombocytopenia with a few large platelets and mild to moderate red cell fragmentation.  Serum creatinine is 1.7 mg/dl. 

Which of the following is the most appropriate treatment for this patient?

A. Platelet transfusion

B. Plasmapheresis

C. Intravenous immunoglobulin

D. High-dose corticosteroids

E. Hemodialysis

2.
Which of the following best describes the mechanisms of action common to  treatment of childhood idiopathic thrombocytopenic purpura with corticosteroids, intravenous immunoglobulin, and anti-D immunoglobulin?

A. Suppression of anti-platelet antibody synthesis

B. Inhibition of Fc receptors on macrophages

C. Activation of suppressor T cells

D. Unbinding of the anti-platelet antibody from the platelet surface

E. Inhibition of cytokine release by mononuclear cells

3.
A full-term newborn infant is covered with petechiae.  Platelet count is 5,000 per mm3.  The remainder of the CBC is normal.  The pregnancy, labor, and delivery were uncomplicated, and the mother’s platelet count is 370,000 per mm3.

Which of the following is the most appropriate therapy for this infant?

A. Intravenous immunoglobulin

B. Platelet transfusion from a random donor

C. Platelet transfusion from the father

D. Corticosteroids

E. Observation; no drug therapy necessary

4.
A three-year-old girl has recently had several ear infections but has otherwise been well.  Physical examination shows resolving otitis media and some cervical lymphadenopathy.  The CBC is normal except for a platelet count of  925,000 per mm3.

Which of the following diagnostic or treatment approaches is best?

A. Platelet aggregation studies

B. Bone marrow aspirate

C. Anti-platelet drug therapy

D. Hydroxyurea

E. Repeat the CBC in 6 weeks

5.
A seven-year-old girl has had a lifelong history of easy bruising and periodic nosebleeds.  Physical examination shows scattered purpura.  The patient’s parents are second cousins.  The CBC is normal except for a platelet count of  70,000 per mm3.  The platelets are extremely large, many of them the size of erythrocytes or lymphocytes. 

Which of the following test results would most likely be abnormal?  

A. Platelet aggregation in response to ADP

B. Platelet aggregation in response to ristocetin 

C. Ristocetin cofactor level

D. Anti-platelet antibody test result

E. Quantitative immunoglobulin measurement

6. Platelets from a child with the gray platelet syndrome exhibit a deficiency or absence of which of the following substances?

A. Adenosine diphosphate

B. Adenosine triphosphate

C. Platelet Factor 4

D. Glycoprotein Iib/IIIa

E. Glycoprotein Ib/IX

7. The effect of aspirin and nonsteroidal anti-inflammatory agents on platelet function is a result of the inhibition of which of the following?

A. Cycloxygenase

B. Phospholipase A2

C. Beta glucoronidase

D. Catalase

E. Thromboxane synthatase

8. The anchoring of platelets to the injured vessel wall is facilitated by the binding of von Willebrand factor to which of the following?

A. Thrombospondin

B. Platelet Factor 3

C. Platelet Factor 4

D. Glycoprotein 1b/IX

E. Ristocetin

9. Which of the following conditions is most frequently misdiagnosed as idiopathic thrombocytopenic purpura?

A. Pelger-Huet anomaly 

B. Chediak-Higashi syndrome

C. Poland syndrome

D. Osler-Weber-Rendu syndrome

E. May-Hegglin anomaly

10.  A five-year-old child has thrombocytopenia, and you are seeking its mechanism.  The patient is infused with radiolabelled platelets, and the initial recovery and subsequent survival of the transfused labeled platelets is depicted in the figure.  Which of the following is the most likely mechanism for the child’s thrombocytopenia?[image: image1.emf]0
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A. Sequestration in an enlarged spleen

B. Decreased platelet production due to the reduction in megakaryocytes

C. Ineffective thrombopoiesis

D. Immune destruction

E. Mechanical destruction

11. A sixteen-month-old child has easy bruising and intermittent rectal bleeding.  A CBC, including platelet count, is normal.  The bleeding time is greater than 25 minutes.  Platelet aggregation testing shows markedly reduced or absent responses to adenosine diphosphate, epinephrine, and collagen.  Which of the following tests can best establish a definitive diagnosis?

A. Platelet electron microscopy

B. Bone marrow aspirate

C. Flow cytometry

D. Measurement of platelet prostaglandin synthesis

E. Measurement of platelet ATP to ADP ratio
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Question 1:
An 8 year old boy is referred to you for a second opinion.  His referring physician has followed him for 3 years with a diagnosis of chronic immune thrombocyto-penic purpura (ITP) and intermittent neutropenia.  A recent bone marrow aspirate was negative for malignancy.  Physical examination revealed marked cervical and auxiliary adenopathy and moderate splenomegaly.  The most appropriate diagnostic  test is:

a) repeat bone marrow aspirate and biopsy

b) measurement of platelet/neutrophil autoantibodies

*c)
lymphocyte subset (B/T cell) analysis

d)       abdominal ultrasound

Comment:
A diagnosis of autoimmune  lymphoproliferative syndrome (ALPS) should be excluded.  A classic finding is an increased number of double negative (CD4/CD8) T cells.

Question 2:
A newborn girl born at term is noted to have a large dark-red cutaneous lesion over most of the buttock area.  Petechiae were present over her back.  A CBC showed a Hb of 150 g/L, a normal WBC and differential count and a platelet count of 15 x 109/L.  The fibrinogen level was 0.5 g/L.  Cryoprecipitate and platelets were administered.  What is the recommended therapy in this case?

a) IV vincristine weekly

*b)
corticosteroids

c) interferon-alpha

d) amicar

Comment:
This is a case of Kasabach-Merritt syndrome.  The recommended first-line therapy is corticosteroids.

Question 3:
A 4 year old girl is referred for evaluation of a possible inherited bleeding disorder.  She has a history of easy bruising and frequent nosebleeds resulting in anemia.  A platelet count and platelet morphology on smear are normal.  The bleeding time is prolonged.  Platelet function studies show absence of secondary aggregation to ADP, epinephrine and collagen  but a normal response to ristocetin.  The likely diagnosis is:

a) Bernard-Soulier syndrome

b) Grey platelet syndrome

c) Platelet-type (pseudo) von Willebrand Disease

*d)
Glanzmann thrombasthenia

Comment:
The aggregation pattern is typical for Glanzmann thrombasthenia.

Question 4:
A 10 month old boy is admitted to hospital with pneumonia.  Physical examination reveals some patches of eczema on his limbs.  A CBC shows a platelet count of 15 x 109/L with small platelets on the peripheral smear.  A history of recurrent ear infections is elicited.  The family history is negative for individuals with platelet disorders.  The key diagnostic investigation is:

*a)
gene/gene product studies

b) measurement of platelet autoantibodies

c) bone marrow aspirate/biopsy

d) an immunological work-up

Comment:
This is a likely case of Wiskott-Aldrich syndrome.  Although immunologic abnormalities are likely and would be suggestive of the diagnosis the definitive test would be to show an abnormality in the WASP gene or its protein product. 

Question 5:
A 3 year old boy is admitted with the sudden onset of bruising, a generalized petechial rash and a history of intermittent epistaxis for 2 days.  Ten days before admission the child was treated for an upper respiratory tract infection.  Physical examination was unremarkable apart from the skin findings.  A hemoglobin level was 100 g/L, total WBC and differential count normal and platelet count 2 x 109/L.  The blood group was O Rhesus positive.  Which one of the following management options is contraindicated in this particular case?

a) oral prednisone 4 mg/kg/day

*b)
IV anti-D 75 µg/kg

c)
IVIG 1 gram/kg x 1

d) close observation in hospital

Comment:
The history of epistaxis and a low hemoglobin level exclude intravenous anti-D as a first choice option because of the obligatory fall in hemoglobin that will be induced by this therapy.  

Question 6:
A term male infant is found unexpectedly to have bruising on the trunk and a petechial rash on the face and neck.  Physical examination is otherwise normal and the baby appears well.  There are no family members with thrombocytopenia and the parents are Caucasian.  A maternal platelet count is normal.  The baby’s CBC is unremarkable apart from a platelet count of 10 x 109/L.  The important immediate step is:

a) transfusion of 1 unit of random donor platelets

b) arrangement of HPA-1a (PlA1) platelet antigen and antibody testing on the parents

c) an ultrasound of the baby’s head to exclude intracranial hemorrhage

*d)
collection of maternal platelets for urgent viral testing and  

transfusion as soon as possible.

Comment:
The case is a likely one of neonatal alloimmune thrombocytopenia due to fetomaternal incompatibility for the HPA-1a (PlA1) platelet-specific antigen.  The definitive therapy in this situation is compatible PlA1 antigen-negative platelets harvested from the mother or a known PlA1 antigen donor.

Question 7:
Thrombocytopenia is a feature of which von Willebrand disease (vWD) subtype:

a) type 2N (Normandy) vWD

b) type 3 vWD

*c)
type 2B vWD

c) type 2M vWD

Question 8:
You are asked to see a 6 year old girl who underwent open heart surgery 7 days previously and who developed moderate thrombocytopenia (platelet count 50 x 109/L) over a period of 3 days.  She is clinically stable with no evidence of infection.  Her platelet count before surgery was normal.  Fibrinogen and D-dimer tests are normal.  The most appropriate immediate next step is:

a) bone marrow aspirate

b) request heparin-associated antibody testing

*c)
stop all heparin in IV lines, flushes 

d) measure a reticulated platelet count

Comment:
This is a possible case of heparin-associated thrombocytopenia.  If the child is receiving heparin, and especially unfractionated heparin, all heparin must be immediately discontinued to avoid the chance of thrombosis.  Heparin associated antibody testing should be ordered as a secondary measure.

Question 9:
A 25 year old pregnant woman with a past history of immune thrombocytopenic purpura (ITP) treated successfully with splenectomy is due to deliver vaginally in 2 weeks.  Her platelet count is normal.  You are asked to advise about the type of delivery and immediate post-natal care of her baby.  Her obstetrician states that there is no obstetric contraindication to a vaginal delivery.  The correct advice is:

a) obtain a scalp vein blood sample for platelet count determination at the time of delivery and deliver the baby by C-section if the fetal platelet count is < 50 x 109/L

b) proceed to an elective C-section

c) perform in-utero percutaneous umbilical vessel blood sampling before delivery with measurement of the fetal platelet count and advise delivery by C-section if the platelet count is < 50 x 109/L 

*d) advise a controlled vaginal delivery with measurement of the infant’s platelet count shortly after delivery

Comment:
The current recommendation for management of a pregnant woman with ITP is conservative.  It is important to recognize that women with a history of ITP treated successfully with splenectomy may have circulating platelet auto- antibodies and deliver infants with neonatal ITP and clinically significant thrombocytopenia.

Question 10:
You are asked to see an 8 year old girl who parents tell you that an older sibling died of complications from bone marrow failure and a diagnosis of Fanconi anemia some three years previously.  On examination the girl has phenotypic features consistent with a diagnosis of  Fanconi anemia.  She is short with typical facies and presence of pigmentation and café au lait spots on her trunk.  She is missing one digit on her hands.  Prior to this presentation she has been well without a history of serious infections.  She has been noted recently to have some peripheral bruising and occasional nose bleeds.  Which of the following hematologic manifestations is least likely in this particular case?

a) thrombocytopenia

b) neutropenia

c) macrocytosis

*d)
   pancytopenia

e)      an increased hemoglobin F level
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Question 1

The MYH9 diseases (the May Hegglin anomaly and the Sebastian/Fechtner/Epstein syndromes) are caused by mutations in the gene for the non-muscle myosin heavy chain IIA.

(a) List the two most important abnormalities seen on peripheral blood smears of patients with these disorders:

· giant platelets







50%
· Döhle-like bodies in neutrophils

(b) Patients with these hematologic findings should be screened for which of the following?

1. cataracts*

2. cardiac anomalies

3. high-tone deafness*






50%

4. café-au-lait skin lesions

5. nephritis*

correct responses are asterisked (*) 



Question 2

You are asked to see a 3 year old boy because of a history of severe, recurrent epistaxis.  The child’s parents are consanguineous.  A CBC shows a hemoglobin of 100 g/L, MCV 62 fL, WBC 7.5 x 109/L and platelet count 90 x 109/L.  Large platelets are noted on the peripheral blood smear.  Platelet aggregation testing is reported as showing absence of response to ristocetin.  

(a) What is the most likely diagnosis in this case?

· Bernard-Soulier syndrome





50%
(b) What is the molecular basis for the disorder?

· mutations in the genes for GP1b/IX




25%
(c) List two other hereditary macrothrombocytopenias caused by mutations in the same genes:

· pseudo or platelet type von Willebrand disease


25%
· velocardiofacial syndrome

Question 3

You are referred a 3 month old male because of persistent severe thrombocytopenia documented in the neonatal period.  The infant is well, not dysmorphic and a detailed physical examination is normal.  A CBC shows a platelet count of 10 x 109/L with a normal hemoglobin level, WBC and white blood cell differential count.  The platelets appear normal on examination of a blood smear.  A bone marrow aspirate/biopsy shows a marked decrease in the numbers of megakaryocytes with normal erythropoiesis and granulopoiesis.  There is a normal response to transfusion with random donor platelets.

(a) What is the most likely diagnosis in this case?

· Congenital amegakaryocytic thrombocytopenia (CAMT)

50%
(b) What is the underlying cause for this disorder?

· Mutations in the thrombopoietin receptor, c-mpl


20%
(c) What is the expected natural history of the disorder?


-
Progression to pancytopenia within the first two decades of life
15%
(d) What is the most effective long-term treatment in such cases?




-
HLA matched stem cell transplantation



15%
Question 4

A 10 year old boy is referred with a well documented history of recurrent episodes of severe thrombocytopenia and anemia that have generally followed transient viral infections, and that have responded promptly to infusions with fresh frozen plasma.  Blood smears during “attacks” were reported to show schistocytes, polychromasia and markedly reduced numbers of platelets.

(a) What is the likely diagnosis in this case?




33%
· Congenital (familial) thrombotic thrombocytopenic purpura (TTP)

(a) What is the underlying defect in the disorder?



33%

· Deficiency of the plasma vWF cleaving metalloprotease, ADAMTS13 

(b) List two other conditions in which a similar blood smear may be seen?


· Hemolytic uremic syndrome (HUS)




33%
· Microangiopathic hemolytic anemia in patients with an artificial cardiac valve/VSD patch (“Waring-blender” phenomenon)

Question 5

List three (3) relative contraindications to use of IV anti-D as a platelet enhancing strategy in Rhesus positive children/adolescents with autoimmune thrombocytopenia purpura (ITP), no prior exposure to anti-D and clinically significant thrombocytopenia (platelet count < 20 x 109/L):

· Prior splenectomy






33%
· Co-existing clinically significant anemia (hemoglobin level

33%
< 100 g/L)

· Positive direct Coombs test with evidence of active hemolysis
33%
Question 6

(a) Which two of the following statements is incorrect/atypical for the disorder heparin-induced thrombocytopenia (HIT)?

· In a patient with no prior history of HIT the fall in platelet count characteristically occurs in the period 5-10 days following first exposure to heparin.  (correct)







· Thrombocytopenia is characteristically severe with platelet counts 
          < 10 x 109/L in most cases.  (incorrect; thrombocytopenia is usually mild/moderate with platelet counts in the range 20-100 x 109/L)
25%
· Thrombosis leading to venous limb gangrene is a recognized feature of HIT especially in the setting of a deep venous thrombosis and a supratherapeutic INR (>3.5).  (correct)





· The frequency of HIT is similar for unfractionated heparin and low molecular weight heparin.  (incorrect; the frequency of HIT is much higher with unfractionated heparin vs LMWH)


25%
(b) What is target antigen for platelet autoantibodies that cause HIT?

HIT is caused by IgG autoantibodies that bind to complexes of platelet factor 4(PF4) and heparin on platelet surfaces.  (correct answer should include platelet factor 4)







15%
(c) In patients with HIT what is the single most important therapeutic decision?

Stop all heparin, including catheter “flushes” and possibly removal of heparin-coated catheters






35%
Question 7

A 15 year old teenager with well documented, long-standing (3 years) chronic, primary immune thrombocytopenic purpura is referred for consideration of elective splenectomy.  She responds transiently to high-dose intravenous immunoglobulin G (IVIG), IV anti-D and corticosteriods.  Because of menorrhagia associated with intermittent thrombocytopenia she has been started on the pill.  She is accompanied to your consultation clinic by her parents; her mother is a nurse.

The patient and her parents have researched therapeutic options using the internet and have a number of questions.  Provide answers to these questions:

(a) What is the chance of a spontaneous, complete remission in this case?

-
< 10% (correct)






25%

· 20-30%

· > 40%

(b) What is the likelihood of a good partial or complete response following an elective splenectomy in this case?  A good partial response is defined as a stable platelet count in a hemostatically safe range that does not require treatment with platelet enhancing therapy to either prevent or treat clinically significant bleeding.

· < 30%








25%

· 40-50%

· 70-80% (correct)

(c) The parents have read that in adults with ITP, recurrence of clinically significant, persistent thrombocytopenia is not uncommon.  Is this true for this case?

-
No.  Response to splenectomy in children appears to be durable.
25%

(d) If their daughter’s ITP recurs and is persistent following an initial complete response to splenectomy, how will physicians suspect and then confirm presence of an accessory spleen?

· Absence of Howell-Jolly bodies in red blood cells on a peripheral blood smear should raise the suspicion of an accessory spleen in this clinical setting.








12.5%
· A nuclear medicine radioisotope tagged autologous RBC scan can be used to document presence of an accessory spleen(s).


12.5%
Question 8

You are referred a 5 year old girl with a history of excessive bruising.  Her parents were born in Puerto Rico.  On physical examination she is found to have occulocutaneous albinism, rotatory mystagmous and bruises on her legs and arms.  She is not dysmorphic and her CBC is normal with normal appearing platelets on a peripheral blood smear.

(a) What is the likely diagnosis in this case?

-
Hermansky-Pudlak syndrome (HPS)




50%

(b) What abnormalities would you expect on platelet aggregation testing?

· Absence of the second wave of aggregation to ADP and

 epinephrine and decreased response to collagen


20%
(c) What is the platelet defect in this condition?

-
Absence of platelet dense granules




30%

Question 9

(a) List two characteristic physical findings in patients with the autoimmune lymphoproliferative syndrome (ALPS)

· hepatomegaly

· splenomegaly

· lymphadenopathy (especially in the cervical chain)


40%
(b) What is the most common mutation leading to ALPS

· mutations in the Fas receptor





20%
(c) What is the diagnostic flow cytometric abnormality found in ALPS cases?

· An increase in double negative (( T cells (CD4 negative / 

CD8 negative)







20%
(d) In patients with ALPS and clinically significant thrombocytopenia, which one of the following treatments is currently recommended as first-line therapy?

1. Splenectomy

2. Mycophenylate mofetil (MMF)

3. Rituximab (anti CD20 human/murine monoclonal antibody)


-
MMF is the therapy of first choice.





20%

Question 10

You are called for advice about a one day old male infant who is noted to have bruises and petechiae on his limbs and trunk on day 1 of life.  A CBC shows isolated severe thrombocytopenia (platelet count 2 x 109/L) with normal-appearing platelets on a peripheral blood smear.  The infant is not dysmorphic and is clinically well.  Physical examination is normal apart from the bruising and petechiae.  The mother’s obstetric history was unremarkable; her platelet count is normal and she has no history of ITP or SLE.  She is Caucasian.  The baby’s platelet count following transfusion of 1 unit of random donor platelets was 10 x 109/L.

(a) What is the likely diagnosis in this case?

· Neonatal alloimmune thrombocytopenia secondary to fetomaternal incompatibility for the HPA-1a (PLA1) antigen



50%

(b) Which one of the following treatments is most likely to be effective in this case?

1. IV methylprednisolone daily x 3 days

2. Washed maternal platelets

3. Larger doses of random donor platelets

4. High-dose intravenous IVIG (1g/kg x 2 days)

· Washed maternal platelets





25%

(c) The patient requests information about risk of HIV infection following a random donor platelet transfusion.  What is the correct best estimate of the risk in North America?

1. 1 in 500,000

2. 1 in 2-4 million

3. 1 in 10 million

-
The correct best estimate is 1 in 2-4 million.



25%
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Disorders of Platelets

Victor S. Blanchette, MD FRCS

1.
Thrombocytopenia and loss of high-molecular weight von Willebrand factor (VWF) multimers are features of which one of the following conditions:


A.
Type 2B von Willebrand disease


B.
Type 2M von Willebrand disease


C.
Type 1 von Willebrand disease


D.
Type 2A von Willebrand disease

Answer: A

Explanation: Type 2B VWD is caused by a gain of function mutation in the VWF gene, leading to enhanced interaction of VWF and platelets with resultant loss of high molecular weight VWF multimers and thrombocytopenia. In cases with type 2A VWD loss of high-molecular weight VWF multimers occurs but platelet counts are normal. The VWF multimeric pattern is normal in patients with type 1 and 2M VWD.

2.
A newborn term infant is found to have bruising and petechiae on his limbs on the fourth day of life. He is not dysmorphic and his liver and spleen are not enlarged. The newborn infant is well. His CBC shows a hemoglobin level of 150 g/L, total WBC 8,000 /µL and platelet count 5,000 /µL. A blood smear confirms the very low platelet count and is otherwise normal. His mother had a history of chronic ITP that required splenectomy when she was a teenager. Her platelet count is 250,000 /µL. What is the likely diagnosis in this case?


A.
Neonatal autoimmune thrombocytopenia


B.
Neonatal alloimmune thrombocytopenia


C.
Disseminated intravascular coagulation (DIC)


D.
Kasabach-Merritt syndrome

Answer: A

Explanation: Infants of mothers with ITP who have been splenectomized may have transient neonatal ITP even though the maternal count is normal. This reflects passage of circulating platelet autoantibodies from the mother to the infant during pregnancy. The platelet count in such infants is often at its lowest level a few days following birth.

Supplementary Question

What is the recommended treatment in such a case?


A.
IVIG


B.
Exchange transfusion to remove anti-platelet antibodies


C.
Transfusion with random donor platelets


D.
IV vincristine

Answer: A

Explanation: Infants with neonatal ITP generally respond well to high dose immunoglobulin-G (IVIG) therapy with or without concomitant corticosteriods. The response to random donor platelets in such a case would likely be poor, and exchange transfusions to remove platelet autoantibodies are an invasive procedure in the newborn. IV vincristine is not indicated in such a case.

3.
Which one of the following statements is false (incorrect) for the condition congenital amegakaryocytic thrombocytopenia (CAMT)?


A.
Severe thrombocytopenia is evident from birth.


B.
A marked reduction in the number of megakaryocytes is seen in a bone marrow aspirate/biopsy.


C.
Improvement in the thrombocytopenia occurs during the first few years of life.


D.
Mutations in the thrombopoietin receptor can be detected in most cases.

Answer: C

Explanation:Severe thrombocytopenia in children with congenital amegakaryocytic thrombocytopenia is persistent throughout life as contrasted to children with thrombocytopenia absent radius (TAR) syndrome in whom thrombocytopenia becomes less severe during the first years of life. Many children with amegakaryocytic thrombocytopenic develop pancytopenia by the second decade of life.

4.
You are asked to see a 10-year-old boy with a diagnosis of autoimmune lymphoproliferative syndrome (ALPS). His past medical history includes a diagnosis of ITP starting at age 6 years plus fluctuating cervical and axillary adenopathy and one episode of clinically significant autoimmune hemolytic anemia at age 8 years. His major problem is clinically persistent severe thrombocytopenia that responds only transiently to IVIG or corticosteroid therapy. His CBC shows a hemoglobin of 120 g/L, total WBC 7,000 /µL, absolute neutrophil count 750 /µL and platelet count 15,000 /µL. Which one of the following three therapeutic interventions is preferred in this case?


A.
Splenectomy


B.
Mycophenolate mofetil (MMF) 


C.
Combination chemotherapy

Answer: B

Explanation: A trial of oral mycophenolate mofetil (MMF) is recommended in this case. Splenectomy should be avoided because of the significant risk of overwhelming post-splenectomy sepsis. Monotherapy with MMF is preferred to combination chemotherapy because of the anticipated favorable response to MMF in cases of ALPS.

5.
Which one of the following hemostatic defects is not typically seen in patients with uremia?


A.
a prolonged bleeding time


B.
decreased thromboxane (TX) A2 production


C.
decreased factor VIII level


D.
reduced platelet aggregation to epinephrine, collagen and arachidonic acid

Answer: C

Supplementary Question

Which one of the following interventions is not of hemostatic benefit in patients with uremia ?


A.
DDAVP


B.
Cryoprecipitate


C.
factor VIII concentrates

Answer: C

6.
Abnormalities of glycoprotein (GP1b) are found in which two of the following conditions?


A.
Bernard-Soulier syndrome


B.
May-Hegglin anomaly


C.
Di George (velocardiofacial) syndrome


D.
Glanzmann thrombasthenia

Answer: A and C

Explanation: The DiGeorge/velocardiofacial syndrome is a rare inherited disorder associated with hemizygous deletions of chromosome 22q11.2. The Bernard-Soulier syndrome (thrombocytopenia with large platelets) can be observed when Di George/ velocardiofacial patients have hemizygous deletion of the GP1b gene.  

7.
Thrombopoietin (Tpo) is the primary regulator of megakaryocyte growth and development. Very high levels of Tpo are seen which two of the following conditions?


A.
immune thrombocytopenic purpura (ITP)


B.
liver failure


C.
aplastic anemia


D.
congenital amegakaryocytic thrombocytopenia (CAMT)

Answer: C and D

Explanation: Thrombopoietin is constitutively produced in the liver, hence the decreased levels in patients with liver failure. Thrombopoietin is either normal or at most slightly increased in cases with increased megakaryocyte/platelet mass (e.g. ITP).

8.
You are asked to see a 17-year-old female because of the sudden onset of widespread purpura and petechiae.  10 days prior to the onset of symptoms she delivered a male infant. The delivery was complicated by severe vaginal bleeding that required a red blood cell transfusion. 18 months before this episode the patient delivered a healthy term male infant who was adopted. Apart from widespread purpura and petechiae involving her trunk, limbs and oropharynx, the physical examination was normal. Vital signs were also normal. A CBC showed isolated severe thrombocytopenia with a platelet count of 5,000 x 109 /L; her blood smear was normal. She is on no medications. Her HCV, HIV and liver function tests are normal as is her PTT, INR and fibrinogen. What is the most likely diagnosis in this case?


A.
acute leukemia


B.
acute ITP


C.
post-transfusion purpura (PTP)


D.
eclampsia

Answer: C

Explanation: The likely diagnosis is post-transfusion purpura (PTP). The history is typical except for the age of the patient—PTP is most often seen in older women. The cause of PTP is platelet alloimmunization with alloantibodies typically targeted to the HPA-1a antigen. 

9.
A 14-year-old boy with a history of chronic ITP is referred because of the sudden onset of bruising, nosebleeds and the finding of isolated thrombocytopenia (platelet count 8,000 x 109 /L). At age 10 years he had an elective splenectomy with normalization of his platelet count until this episode of thrombocytopenia. His physical examination is normal apart from bruising on his trunk and limbs. A blood smear is consistent with the low platelet count; Howell-Jolly bodies are not seen on the smear. Which of the following tests is likely to be most informative in this case?


A.
reticulated platelet count


B.
bone marrow aspiration


C.
radionuclide spleen scan


D.
platelet-associated antibodies

Answer: C

Explanation: The absence of Howell-Jolly bodies suggests residual spleen function making the diagnosis of an accessory spleen likely. A radionuclide scan should be performed.

10.
Large platelets are not a feature of which one of the following disorders:


A.
May-Hegglin anomaly (MYH9-associated thrombocytopenia)


B.
Gray platelet syndrome


C.
Wiskott-Aldrich syndrome


D.
Bernard-Soulier syndrome 

Answer: C

Explanation: Small, pin-point platelets on a blood smear are characteristic of thrombocytopenia seen in cases of Wiskott-Aldrich syndrome. In all of the other conditions cited platelets are large (macrothrombocytopenia).
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1.    A 1 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 perform platelet aggregation studies expecting to see:

A.  Absent aggregation to all agonists except ristocetin

B.  Increased aggregation to a low concentration ristocetin

C.  Absent aggregation to collagen and ristocetin

* D. Absent aggregation only to ristocetin

E. Absent second wave aggregation to ADP and epinephrine

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.  Therefore, patients with this condition lack platelet aggregation in response to ristocetin.  Aggregation to collagen and other agonists, however, will be normal; so answer C is not correct. 

Reduced or absent aggregation to all agonists except ristocetin is seen in Glanzmann thrombasthenia. 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 in glycoprotein Ib on the platelets, while in Type 2B vWD the mutation causes a defective von Willebrand factor molecule.  Lack of second wave aggregation to ADP and epinephrine is seen in dense granule storage disease.  

2.   A 3 day old infant has petechiae to his face and trunk.  The infant is well appearing and physical examination is otherwise normal.  The infant’s CBC is unremarkable except for a platelet count of 6,000/mm3.  The maternal platelet count is normal.  The infant’s thrombocytopenia most likely results from antibodies to which of the following antigens:

A. Platelet Factor 4

* B. HPA - 1a

C. Platelet dense granules

D. Glycoprotein IX 

E. P selectin

Explanation:  This is a case of neonatal alloimmune thrombocytopenia (NAIT).  The most common antigen involved is Human Platelet Antigen- 1a (HPA-1a), accounting for approximately 80% of such cases.  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 IVIG.  

The complex of heparin and platelet factor 4 is involved in heparin-induced thrombocytopenia. Glycoprotein IX is absent in Bernard-Soulier Syndrome; of note, patients with this condition 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.  

3.  A 15 year old lethargic child presents with acute onset of bruising. 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 initial management at this time?

A. Platelet transfusion

B. Intravenous immunoglobulin

C. Hemodialysis

*D. Plasmapheresis

E.  High-dose corticosteroids

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. 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 IVIG 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 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 adenosine diphosphate receptors 

E. Reversible inhibition of cyclooxygenase 1
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 adenosine diphosphate (ADP).  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 act 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 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 on 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 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

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) is also 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 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). 

6.   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 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.  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

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 AML.  Recurrent infections are part of the clinical picture of Wiskott-Aldrich syndrome (WAS). 
7.  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

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 von Willebrand disease (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.  

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.  She is Rh positive so you decide to treat her with anti-D immunoglobulin given her epistaxis. What side effect do you monitor for following anti-D immunoglobulin administration?

*A. Hemolysis 

B. Aseptic meningitis 

C. Serum sickness

D. Hypertension

E. Severe headache

Explanation:  Treatment for children with newly diagnosed ITP is associated with side effects.  Anti-D immunoglobulin causes antibody-coated red cells to undergo intravascular and extravascular hemolysis and an expected decline in hemoglobin.  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.  

Aseptic meningitis and headache are side effects of IVIG, 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. 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 

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 Wiskott-Aldrich syndrome.  Intravenous immunoglobulin is used for immune mediated thrombocytopenia, but does not have a role in congenital thrombocytopenias.  

10.  Which of the following is contained within the alpha granules of platelets?

A. Serotonin

B. Adenosine diphosphate
*C. Fibrinogen

D. Calcium

E. Thrombin

Explanation:  There are two types of granules within the platelets: alpha and dense.  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. 

11.  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

Explanation:  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 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.

12.  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 antibody test
D. Abdominal ultrasound examination

E. Repeat bone marrow evaluation

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. 

13.  A 13 month old child with easy bruising presents with gastrointestinal bleeding.  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 which of the following:

A. von Willebrand factor

*B. Fibrinogen

C. Collagen

D. Laminin

E. Thrombin

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. 

14.  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

Explanation:  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 reaches a nadir at 3-4 days of life.  If treatment is necessary either 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.  

15. 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 had no history of bleeding in the past including following 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 neccessary before surgery

E. Repeat the CBC using a tube containing EDTA 

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 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. 

16. 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.  Lmphocyte subset analysis

D.  Serum immunoglobulin levels

*E.  None
Explanation: 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 probable ITP remains controversial. However, 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 llimited and based on findings on history or physical examination.  
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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.  

� EMBED PowerPoint.Slide.8 ���








[image: image2.wmf]0

25

50

75

100

0

2

4

6

8

10

% of 

radiolabelled

 platelets remaining in circulation

Days following infusion of 

radiolabelled 

platelets

Patient

Normal

_1347703127.ppt


% of radiolabelled

 platelets remaining in circulation

Days following infusion of radiolabelled platelets

Patient

Normal







0


25


50


75


100


0 2 4 6 8 10





