Thrombotic Disorders

All presented by Scott

2002

For Questions 1- 4:

A.
only 1,2, and 3 are correct

B.
only 1 and 3 are correct

C.
only 2 and 4 are correct

D.
only 4 is correct

E.
all are correct

Q1.
Which of the following causes of elevated fibrin split products/ D-dimer?







1.
Administration of TPA

2.
Hemolytic-uremic syndrome

3.
Thrombotic thrombocytopenic purpura

4. Disseminated intravascular coagulation

 

Q2.
Which of the following is/are cause(s) of neonatal purpura fulminans?




1.
Protein C deficiency

2.
Protein S deficiency

3.
Overwhelming neonatal sepsis

4.
Severe hemophilia A


 

Q3.
Hereditary predisposition to thrombosis is caused by which of the following?







1.
Protein C deficiency

2.
Dysfibrinogenemia

3.
AT III deficiency

4.
Factor V Leiden

 

Q4. 
Which of the following are associated with an increased risk of arterial thrombosis?

1. Anticardiolipin antibodies

2. Lupus anticoagulant

3. Homocystinuria

4. Factor VLeiden

5. Prothrombin 20210 mutation

For Q5-7, select the single best answer

Q5. Which of the following is not a contraindication to TPA therapy?

A. Recent surgery

B. Recent heparin therapy

C. CNS tumor

D. GI bleeding 

E. Allergy to TPA

Q6. A 2 y/o child ingests a warfarin-like super-rat poison. He develops dark red-black necrotic skin lesion on his thigh and abdomen. Which of the following is the most likely explanation?

A. Protein C deficiency

B. Antithrombin 3 deficiency

C. Factor V Leiden

D. Lupus anticoagulant

E. Prothrombin 20210 mutation

Q7. A 17y/o girl develops a superficial femoral vein thrombus while receiving OCP’s. Initial studies show a normal platelet count, PT, PTT, fibrinogen and elevated D-dimer. She is treated with standard heparin in hospital for 5 days. Warfarin therapy is instituted on day 4. On day 5, she then develops evidence of a cold, pulseless left arm and hand. Clotting studies show PT 13.5s, PTT 31s, Fibrinogen 295 mg/dl, platelets 35,000/mm3 and D-dimer normal. The most likely diagnosis is

A. DIC

B. Septic emboli

C. Heparin-induced thrombocytopenia

D. Factor V Leiden

F. Antiphospholipid syndrome
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. 
A 2-year-old child ingests a warfarin-like super-rat poison. He develops dark red-black necrotic skin lesions on the skin of his thighs and abdomen. Which of the following is the most likely explanation

G. Congenital Protein C deficiency

H. Antithrombin 3 deficiency

I. Factor VLeiden

J. Lupus anticoagulant

K. Prothrombin 20210 mutation

2. A 17-year-old girl develops a superficial femoral vein thrombosis while receiving OCP’s. Initial studies show a normal platelet count, PT, PTT, fibrinogen and elevated levels of D-dimer. She is treated with standard heparin in hospital for 5 days. Warfarin therapy is instituted on day 3. On day 4, she then develops evidence of a cold, pulseless left arm and hand. Clotting studies show PT 13.5s, PTT 48s, Fibrinogen 295 mg/dl, platelets 35,000/mm3 and D-dimer positive. The most likely diagnosis is

E. DIC

F. Septic emboli

G. Heparin-induced thrombocytopenia

H. Factor VLeiden

I. Antiphospholipid syndrome

3.
A 16-year-old girl develops sore throat, fever and chills. 2 days later she complains of pain and swelling over the left side of her neck.  CBC shows Hg 13.5g/dl, WBC 14.500 with 50 segs and 13 bands and platelets 110,000/ul. Chest X-ray shows multiple infiltrates.  D-dimers are positive. The most likely diagnosis is:

A. Infectious mononucleosis

B. Strep pharyngitis/ lymphadenitis

C. Mycoplasma pneumonia

D. Lemierre’s syndrome

E. Vincent’s angina

4. 
In which patient is the finding of a low protein C most likely indicative of an inherited risk factor for thrombosis?

A. A newborn with suspect sepsis

B. An 18-year-old woman with history of deep vein thrombosis on OCP’s, who came in for evaluation 2 years later when she was considering having children.

C. A boy who was tested while on oral anticoagulant treatment for his recent deep vein thrombosis

D. A patient in the emergency room in whom radiology testing has just revealed a massive pulmonary embolism.

E. A 2-year-old child with metastatic neuroblastoma with thrombocytopenia, and positive D-dimer test.

5. A 2-day-old infant male weighing 4.9 kg presents with an abdominal mass and hematuria. While the work-up for the mass is underway, his left arm becomes pale, cold , painful and pulseless. The most likely diagnosis is:

A. Wilm’s tumor

B. Neuroblastoma 

C. Infantile polyarteritis

D. Paradoxical embolus

E. Kawasaki Disease

6. Inherited resistance to activated protein C can be diagnosed by requesting genetic testing of the gene for which coagulation protein? 

Factor V 

Factor II

Factor VIII 

Protein S

Protein C 

7. A 17-year-old recent immigrant from Poland develops a deep venous thrombosis after being kicked playing soccer. The most likely hereditable predisposition contributing to his thrombosis is:

A. Lupus anticoagulant syndrome

B. Antithrombin deficiency

C. Activated Protein C resistance (Factor V Leiden)

D. Prothrombin (Factor II) deficiency

E. Protein C deficiency.

8. A 5-year-old has severe progressive liver disease. The PT and PTT are both prolonged. Only one of the following coagulation proteins should be expected to demonstrate normal levels: 

A. Factor VII (7)

B. Antithrombin

C. Protein C

D. Protein S

E. Factor VIII (8)

9. A 2800-gram term newborn male has presumed sepsis and a purpuric rash. The level of protein C is 6%, protein S 40% and antithrombin 60%. In order to discern whether this is acquired rather than hereditary protein C deficiency, you should: 

A. Order molecular studies for factor VLeiden

B. Measure the prothrombin level

C. Infuse recombinant activated protein C

D. Check protein C levels on the parents

E. Give vitamin K

10. A 15-year-old with congenital heart disease has a transvenous pacemaker in place. She develops swelling of her left arm. The best test to confirm the diagnosis of a venous thrombosis is: 

A. Factor VLeiden

B. Prothrombin 20210 mutation

C. Venography

D. Upper extremity and chest ultrasound

E. Quantitative D-dimer assay

Answers: 

1.  A

2.  C

3. D

4. B

5. D

6. A

7. C

8. E

9. D

10. C
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. A 2 y/o child ingests a warfarin-like super-rat poison. He develops dark red-black necrotic skin lesion on his thigh and abdomen. Which of the following is the most likely explanation?

L. Congenital Protein C deficiency

M. Antithrombin 3 deficiency

N. Factor VLeiden

O. Lupus anticoagulant

P. Prothrombin 20210 mutation

Answer A. Recognize warfarin-induced skin necrosis as a manifestation of protein C deficiency. The development of warfarin – induced skin necrosis is associated with PC deficiency and (rarely protein S) deficiency.  The syndrome is not associated with AT deficiency, Factor VLeiden mutation, prothrombin mutation or the lupus anticoagulant.  

2. A 16y/o girl develops a superficial femoral vein thrombus after being kicked on a soccer field. She denies any medication but has been on the “Patch”. Past history shows that she had an open VSD repair at 18 mo/o. Initial studies show a normal platelet count, PT, PTT, fibrinogen and elevated D-dimer. She is treated with standard heparin in hospital for 5 days. Warfarin therapy is instituted on day 4. On day 5, she then develops evidence of a cold, pulseless left arm and hand. Clotting studies show PT 13.5s, PTT 31s, Fibrinogen 295 mg/dl, platelets 35,000/mm3 and D-dimer positive. The most likely diagnosis is:

J. DIC

K. Septic emboli

L. Heparin-induced thrombocytopenia

M. Factor VLeiden

Q. Antiphospholipid syndrome

Answer C. Recognize development of Heparin - induced Thrombocytopenia – Thrombosis syndrome and factors that predispose to it: use of standard, unfractionated heparin, previous cardiovascular surgery.  The patient has no clinical evidence suggesting septic embolic.  The normal PT, PTT and fibrinogen rule out DIC.  FVLeiden is associated with venous thromboembolic disease.  The antiphospholipid syndrome can cause thrombocytopenia and arterial thrombosis but these would be unlikely to develop on heparin.

3. A 13 y/o boy develops sore throat, fever and chills. 2 days later she c/o pain and swelling over the left side of her neck.  On exam he looks acutely ill with T39.5, 0 125, BP 115/52. L neck is diffusely swollen and tender. CBC shows Hg 13.5g/dl, WBC 14.500 with 50 segs and 13 bands and platelets 110,000/ul. Chest X-ray shows multiple infiltrates.  D-dimers are positive. 

The most likely diagnosis is:

A. infectious mononucleosis

B. Strep pharyngitis/ lymphadenitis

C. Mycoplasma pneumonia

D. Lemierre’s syndrome

E. Vincent’s angina

Answer D. Recognize clinical findings of Lemierre’s syndrome – septic thrombophlebitis of the jugular vein triggered by an anaerobic bacteria, fusobacteria. This pattern of an acute febrile illness, clinical findings suggestive of warm shock, thrombocytopenia and multiple infiltrate likely secondary to septic embolic are classic findings for Lemierre’s syndrome. The other options could cause some of the similar symptoms but usually not all of the finding described above. Infectious mono causes sore throat and adenitis and thrombocytopenia but pulmonary infiltrate would be rare. Strep pharyngitis causes sore throat and neck pain due to adenitis but both thrombocytopenia and pulmonary infiltrates are unusual. Mycoplasma can cause the infiltrates and sore throat but clinical findings of sepsis and thrombocytopenia are unusual. Vincent’s angina is an acute necrotizing ulcerogingivitis associated with oral and neck pain that does not have pulmonary findings. 

4. In which patient is the finding of a low protein C most indicative of an inherited risk factor for thrombosis?

A. A newborn with suspect sepsis

B. An 18 y/o woman with history of deep vein thrombosis on OCP’s, who came in for evaluation 2 years later when she was considering having children.

C. A boy who was tested while on oral anticoagulant treatment for his recent deep vein thrombosis

D. A patient in the emergency room in whom radiology testing has just revealed a massive pulmonary embolism.

E. A  1 y/o child with jaundice and hemophagocytic lymphohistiocytosis with thrombocytopenia, and positive D-dimer test.

Answer B. Recognize that sepsis, oral anticoagulants, thromboses and liver dysfunction cause acquired protein C deficiency. 

5. A 2 d/o infant male weighing 4.9 kg presents with a left-sided  abdominal mass and hematuria. While the work-up for the mass is underway, his left arm becomes cold , painful and pulseless. The most likely diagnosis is:

F. Wilm’s tumor

G. Neuroblastoma

H. infantile polyarteritis

I. Paradoxical embolus

J. Kawasaki Disease

Answer D. These are classic findings of renal vein thrombosis in an infant of a diabetic mother.  The RVT proceeds to embolize and cross the PFO because of elevated pulmonary pressures in the newborn.  Wilm’s tumor  and neuroblastoma are not associated with arterial thrombi. Infantile PAN and Kawasaki Disease are not associated with an L sided abdominal mass.

6. Inherited resistance to activated protein C can be diagnosed by requesting genetic testing of the gene for which coagulation protein? 

A. Factor VIII 

B. Factor V

C. Factor II

D. Protein S

E. Protein C 

Answer B. Recognize that APC resistance is caused by a mutation in one of the target substrates for APC - factor Va. A mutation in the Factor V gene (Factor  VLeiden) is the cause of activated protein C resistance in almost all cases. *THIS ANSWER WAS CHANGED FROM C TO B ON 8/28/07 PER DR. SCOTT*

7. In Caucasians, the most common inherited trait associated with increased risk for venous thrombosis is:

A. Lupus anticoagulant syndrome

B. Antithrombin deficiency

C. Activated Protein C resistance (Factor V Leiden)

D. Prothrombin 20210 mutation

E. Protein C deficiency.

Answer C. Recognize the prevalence of common thrombophilic mutations. Factor V Leiden is seen in ~5 % of Caucasians.  Prothrombin 20210 gene mutation is seen in 1 – 2 % of Caucasians. Congenital deficiencies of AT, PC and PS deficiency are far less common. Of note there is significant variability in the ethnic distribution of these disorders. 

8. Which is characteristic of the “Lupus Anticoagulant”?

A. The long PTT usually will correct after addition of factor VIII

B. The long PTT usually will correct with 1:1 mix with normal plasma.

C. The “Lupus Anticoagulant” is only seen in patients with Systemic Lupus Erythematosus (SLE).

D. The PTT will correct if excess phospholipid is added to the plasma before the clotting time test is performed.

E. The typical gynecologic complaint in affected patients is menorrhagia.

Answer D. Recognize laboratory finding in the Lupus Anticoagulant. The Lupus Anticoagulant (LA) is characterized by a prolonged PTT that does not correct on 1:1 mixing with normal plasma.  The LA is caused by an antiphospholipid antibody that binds the phospholipid in the PTT.  Excess phospholipid neutralizes the antibody and allows the reaction to proceed.  The LA can occur in otherwise well children after a viral illness.  The most common gynecologic complaint associated with the LA is recurrent spontaneous abortions.

9. In a newborn with sepsis who develops a femoral vein clot and a work-up for thrombophilia is begun. Which of the following studies is likely to sensitive and specific for a hereditary tendency toward thrombosis?

A. Protein C

B. Protein S

C. Factor V level

D. Prothrombin 20210

E. Antithrombin

Answer D. Recognize that levels of anticoagulant proteins – PC, PS, AT and plasminogen may fall in patients with sepsis and / or thromboses. The Prothrombin gene mutation is a molecular test (as is factor V Leiden) that detects the presence or absence of the mutation and is unaffected by the patient’s clinical condition

10. A 22 year old woman with a history of 2 spontaneous abortions is referred by her obstetrician  back to her primary care provider for evaluation of mild thrombocytopenia that was noted at the time of the second pregnancy loss, and has been persistent now for 6 months.    The patient has never had any bleeding symptoms, but as part of the evaluation for low platelet count a “DIC” panel was ordered.  Results were as follows:

Prothrombin time:

13.2 seconds
(normal 11.5 – 12.9 second)

PTT:



45 second
(normal 25.3 – 33.5 second)

Fibrinogen


352 mg/dL
(normal 150 –400 mg/dl)

Platelets


98,000/microliter (normal 150,000-400,000)

The testing most likely to lead to a diagnosis in this patient would be:

A. Factor VIII assay 

B. Anti-platelet antibody testing

C. D-dimer assay

D. PTT  with 1:1 mixing studies using patient plasma mixed with normal plasma and Dilute Russell Viper venom time (DRVVT) 

E. ANCA (anti-neutrophil cytoplasmic antibody) 

Answer D. Recognize findings of the Antiphospholipid Syndrome and the Lupus Anticoagulant. The prolonged PTT and thrombocytopenia in a patient with history of spontaneous abortions indicates presence of the antiphospholipid syndrome.  Testing for the lupus anticoagulant by mixing studies and R V V T will confirm the LA. Factor 8 deficiency causes. A prolonged PTT but is not usually associated with thrombocytopenia and recurrent spontaneous abortion. Antiplatelet antibody studies may help explain the low platelet count but would not explain the prolonged PTT. An elevation in D-dimers would suggest activation of clotting but would not be diagnostic. The patient depicted above has no findings suggestive of Wegener’s granulomatosis. An ANA in this case may have been quite helpful but was not offered as a choice- deliberately.
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Thrombotic Disorders

Janna M. Journeycake, MD

For Questions 1 and 2

A 10-year-old Hispanic male being treated for acute lymphoblastic leukemia presents the ER with new onset of seizures. He is 1 week from his last chemotherapy administration, which included pegylated asparaginase, vincristine, and prednisone. In the ER, his platelet count was 75,000/mm3, hemoglobin 10.4 g/dl and ANC 1750/mm3. The seizure was easily controlled and further evaluation was initiated. A CT scan of the brain shows evidence of a small parenchymal hemorrhage in the temporal region. A follow-up MR angiogram shows occlusion of the right sigmoid, right transverse, and part of the saggital sinus. 

1.
Which test for hypercoagulability will most likely be abnormal?


A.
Factor V Leiden


B.
Antithrombin


C.
Protein S activity


D.
Protein C activity


E.
Plasma homocysteine

Answer: B

Explanation: Factor V Leiden is the most common genetic mutation associated with thrombosis. However, it has not been shown to correlate with thromboembolic complications in children with cancer. The administration of asparaginase is associated with low levels of antithrombin. Protein C and Protein S have also been reported to be low during an acute thrombotic event in children, but is not as strongly associated with use of asparaginase and steroids as is antithrombin. Hyperhomocysteinemia is more commonly associated with arterial thrombosis in the brain. 

2.
What is the most appropriate initial treatment for this child’s thrombotic complication?


A.
Begin catheter-directed thrombolysis.


B.
Initiate heparin drip at 20 units/kg/hr.


C.
Administer cryoprecipitate.


D.
Start enoxaparin at 0.5 mg/kg SQ q 12 hours.


E.
Give 0.2 mg/kg loading dose of warfarin.

Answer: B

Explanation: Fibrinogen levels are generally low after administration of asparaginase, but are only rarely associated with bleeding. Overcorrecting fibrinogen level may increase thrombus formation. The parenchymal bleeding in this scenario is more likely related to the pressure of underlying cerebral sinovenous thrombus. Therefore, initiation of anticoagulation is the treatment of choice. The dose of enoxaparin is for prophylactic dosing. Warfarin in never to be started without being bridged with a form of heparin. Because of his potentially unstable clinical state, unfractionated heparin infusion at a standard therapeutic dose for age is most appropriate. Thrombolysis (catheter-directed or not) should be reserved for patients with progressive neurological deterioration.

For Questions 3 and 4

A 16-year-old previously healthy African-American girl presents to the ER with a 3-day history of leg pain and progressive swelling such that she can no longer walk. Her entire left leg is edematous and discolored compared to the right leg. It is warm to touch. She denies any trauma, but she is on the basketball team at school. Her only medication includes oral contraceptive pills which she started at age 12 for menorrhagia. She weighs 90 kg. Doppler sonogram shows complete occlusion of the left femoral, superficial femoral, and popliteal veins. 

3.
Magnetic resonance imaging to assess extent of the thrombus will likely show:


A.
Occlusion up to the left renal vein


B.
Double IVC


C.
Right iliac artery overriding the left iliac vein


D.
Ovarian mass compressing the left iliac vein


E.
No intra-abdominal problems

Answer: C

Explanation: The most likely anatomic abnormality associated with extensive left-sided ilieofemoral thrombosis is the May-Thurner anomaly, which consists of the right iliac vein overriding the left iliac vein leading to its chronic compression. When an additional trigger for thrombus is added (trauma, acquired thrombophilia), extensive thrombus is the result. Treatment consists of anticoagulation, thrombolyisis and stenting of the vessel.

4.
Tests for hypercoagulability showed that she had a lupus anticoagulant that persisted after 12 weeks. She did not have either FV Leiden or mutation of Prothrombin gene. Her natural anticoagulant protein levels showed Protein S activity of 75%, Protein C activity of 90%, and antithrombin of 112%. What is the most likely reason for her thrombosis to manifest now?


A.
Use of oral contraceptive pills


B.
Lupus anticoagulant


C.
Protein S deficiency


D.
Unrecognized trauma


E.
Obesity

Answer: B

Explanation: All of the above can contribute to thrombotic events; however, the strongest risk factor is the persistence of the lupus anticoagulant after 12 weeks, which defines the antiphospholipid antibody syndrome. This young lady should also be screened for systemic lupus erythematosis. She has been on OCPs for 3 years. The majority of women who develop thrombotic events will develop symptoms in the first 6 months to a year after initiating OCPs. 

For Questions 5 and 6

A 5-month-old Caucasian female had open heart surgery 7 days ago. She is on an unfractionated heparin infusion at prophylactic dosing. Her total WBC was 13,000/mm3 with 50% segemented neutrophils, 3% bands, 10% monocytes, and 37 % lymphs. Hemoglobin was 10.5 g/dl and platelet count 45,000/mm3. Her PT is 13 seconds, PTT 45 seconds, fibrinogen 350 mg/dl, and D-Dimers are not elevated. Her ALT is 35 U/L, AST 37U/L and creatinine 1.0 mg/dl. She has a catheter in her right femoral vein which is not flushing adequately and a Doppler sonogram shows partial occlusion of the right femoral vein.

5.
The next best step in this patient’s management is to:


A.
Test for heparin-induced thrombocytopenia without altering current anticoagulation.


B.
Remove the femoral catheter.


C.
Discontinue unfractionated heparin and begin warfarin. 


D.
Test for heparin-induced thrombocytopenia and begin an alternative anticoagulant agent.


E.
Discontinue unfractionated heparin and begin enoxaparin.

Answer: D

Explanation: Although heparin-induced thrombocytopenia (HIT) is extremely rare in children it is most common in infants after open heart surgery who have been previously exposed to unfractionated heparin. Because this child has evidence of thrombosis as well, this unfractionated heparin must be discontinued while assessing for HIT, but another form of anticoagulation must be initiated to prevent further thrombotic complications. Enoxaparin is a low molecular weight heparin and has cross reactivity with unfractionated heparin. Warfarin cannot be initiated without a bridge with another anticoagulant. Removing the femoral catheter is not emergent and may not be necessary as the thrombus is nonocclusive.

6.
The best alternative anticoagulant medication to use in this patient is


A.
Lepirudin


B.
Argatroban


C.
Rivaroxaban


D.
Clopidogrel


E.
No alternative anticoagulation is necessary 

Answer: B

Explanation: Clopidogrel is an antiplatelet agent and would not be an appropriate agent to use for treatment of venous thrombi. Rivaroxaban is a new oral direct anti-Xa inhibitor that has not been studied in children. Because this child has thrombosis, continuing heparin while assessing for HIT or using no anticoagulant agent is inappropriate care. Lepirudin and argatroban, direct thrombin inhibitors, are good alternatives that have been used in children with success. However, this child has some evidence of renal insufficiency. Lepirudin is cleared by the kidneys. Therefore, argatroban is the best choice.

7.
A 15-year-old boy with life-threatening pulmonary embolism is being treated with the thrombolytic agent tPA. Which of the following complications indicates that thrombolysis should be discontinued?


A.
Blood oozing from the line site 


B.
Fibrinogen < 100 mg/dl


C.
Platelets < 50,000/mm3


D.
Decline in Hgb > 2 g/dl 


E.
Elevation of D-dimers

Answer: D

Explanation: Patients receiving thrombolyisis must be monitored very closely. Oozing from line sites and elevation of d-dimers indicate that thrombolysis is occurring and the bleeding can be managed with local pressure. Reduced fibrinogen and platelet counts are expected and can be replaced easily. A drop of hemoglobin > 2 g/dl in a 24-hour period indicates excessive/major bleeding, so thrombolysis should be discontinued to assess and correct the bleeding. 

8.
A 32-year-old Caucasian male comes to your office with his 4-year-old daughter for counseling. He was recently diagnosed with a DVT involving the lower extremity and was found to be heterozygous for the FV Leiden gene mutation. The most appropriate counseling to provide for the family is to:


A.
Advocate for testing for FV Leiden in the child immediately.


B.
Educate family about signs and symptoms of thromboembolic disease.


C.
Begin the child on prophylactic aspirin.


D.
Consider screening the child for every known cause of thrombosis.


E.
Counsel the family that the child is not at risk for thrombosis during childhood.

Answer: B

Explanation: Screening children for thrombophilia is heavily debated. However, it is unnecessary to test this child for every thrombophilic abnormality (particularly the acquired ones like antiphospholipid antibodies). Testing only for Factor V Leiden is not the best approach, either. FV Leiden is the most common inherited mutation (up to 5% of Caucasian population), but Prothrombin gene mutation occurs in 3%. The maternal side of the family may also have either of these mutations and it is well recognized that multiple thrombophilic defects increases a person’s risk more than a single mutation. In addition, a negative FVLeiden screen would not necessarily mean that this child is protected from thrombosis. In a healthy child, there is no reason to initiate prophylactic anticoagulation. Therefore, the best approach is to teach the family signs and symptoms of thrombosis and under what situations the child would be at highest risk. During high-risk situations, the child may benefit from some simple, noninvasive preventive measures such as use of compression stockings, adequate hydration, and early ambulation.

9.
You are managing a teenage girl on chronic warfarin therapy. The INR has been stable for the last 6 months, but is now 1.4. She denies missing any doses except for the day before her routine lab test, and a pill count suggests that no other doses have been missed. Which is the most likely reason for the drop in INR?


A.
She has started to drink alcohol on the weekends.


B.
She was prescribed an antibiotic for a sinus infection the week before. 


C.
She has a gene polymorphism making her resistant to warfarin.


D.
She started a diet this month consisting of mostly fruits and vegetables.


E.
She missed the dose the day before the test.

Answer: D

Explanation: Because she had never had a problem achieving therapeutic INR in the past, a genetic polymorphism for warfarin resistance is unlikely. This should be considered in children in whom it is very difficult to anticoagulate initially with anything other than very high doses of warfarin. Alcohol use and the use of most antibiotics usually increase the INR. Missing one dose of warfarin does not typically decrease an INR between 2 and 3 down to 1.4. Discontinuing warfarin will usually drop the INR to < 1.5 in 3-5 days. Therefore, the most likely reason for this new warfarin resistance is the increase in vitamin K containing foods in her diet. 

10.
Which of the following patients should be treated with indefinite anticoagulation therapy?


A.
A child with first DVT associated with a central venous catheter


B.
A teenager with DVT associated with use of OCPs and FV Leiden


C.
A teenager with antiphospholipid antibody syndrome


D.
An infant with perinatal stroke


E.
A teenager with first DVT and a protein C level of 45% at time of diagnosis

Answer: C

Explanation: Children with a provoked first thrombus even if associated with Factor V leiden are treated for 3-6 months of anticoagulation. If the risk factor for thrombosis is removed (i.e., no longer need CVC or OCPs), then longer therapy is not necessary. Any child with a second event is considered for long-term therapy. Infants with perinatal stroke are at low risk of recurrence, so anticoagulation is not indicated. The levels of the natural anticoagulant proteins can be low at the time of diagnosis of acute thrombosis secondary to consumption of factors. However, if the level corrects to normal after 3-6 months of therapy and after withdrawal of warfarin, long-term therapy is not necessary. Patients with antiphospholipid antibody syndrome are at very high risk of recurrent thrombosis, so they are prescribed anticoagulation indefinitely.
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Thrombotic Disorders
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1.) Which of the following is NOT a component of Virchow’s triad of etiologic factors for venous thromboembolism?

a) venous stasis

b) phlegmasia cerulea dolens

c) endothelial damage

d) hypercoagulable state

ANSWER: b

EXPLANATION: Virchow’s triad is comprised of venous stasis, endothelial damage, and the hypercoagulable state. Phlegmasia cerulea dolens is a rare presentation of occlusive acute limb DVT characterized by discoloration, tense edema, and limited use of the limb due to pain, which is considered to be a potential indication for thrombolytic therapy.  

2.) All of the following have been shown to cause thrombophilia through activated protein C resistance EXCEPT:

a) factor V Leiden polymorphism

b) lupus anticoagulant

c) standard-dose estrogen oral contraceptive pill

d) methylene tetrahydrofolate reductase (MTHFR) C677T polymorphism

ANSWER: d

EXPLANATION: The factor V Leiden polymorphism is the most common inherited cause of activated protein C resistance among Caucasians. Acquired causes of protein C resistance include the lupus anticoagulant and excess levels of estrogen, such as those found with exogenous estrogen administration and during the 3rd trimester of pregnancy. The MTHFR C677T polymorphism is not known to cause activated protein C resistance, but rather mediates an inherited tendency toward hyperhomocysteinemia, particularly in the absence of dietary folate supplementation.
3.) Which of the following agents or conditions is NOT associated with either pathologic or physiologic antithrombin deficiency?

a) uremia

b) L-asparaginase

c) sinusoidal obstruction syndrome status-post hematopoietic stem cell transplantation

d) neonatal period

ANSWER: a

EXPLANATION: L-asparaginase and sinusoidal obstruction syndrome status-post hematopoietic stem cell transplantation are examples of acquired causes of antithrombin deficiency. The neonatal period is characterized by physiological antithrombin deficiency, as well as by physiological deficiencies of protein C and vitamin-K dependent procoagulants. Uremia is not associated with antithrombin deficiency, but rather is an acquired cause of platelet dysfunction.
4.) In which of the following settings has purpura fulminans been described?


a) homozygous protein S deficiency

b) homozygous/compound heterozygous protein C deficiency

c) meningococcemia

d) all of the above 
ANSWER: d

EXPLANATION: Purpura fulminans is a condition characterized not by true purpura but by dark purple/black discoloration of the skin due to tissue necrosis from thrombosis of the venules and arterioles of the dermis. 

5.) Which of the following odds ratios, indicating the odds of incident venous thromboembolism associated with a specific thrombophilia state, is NOT in the range of published evidence from large epidemiological studies (or meta-analyses thereof) in adults?


a) heterozygous factor V Leiden: 5.0

b) heterozygous prothrombin G20210A: 2.0

c) heterozygous methylene tetrahydrofolate reductase (MTHFR) C677T: 7.0

d) hyperhomocysteinemia: 2.5  

ANSWER: c

EXPLANATION: Odds ratios of incident venous thromboembolism for heterozygous factor V Leiden approximate 5.0, prothrombin G20210A 2.0, heterozygous MTHFR 1.2, and hyperhomocysteinemia 2.5. 

6.) Which of the following statements regarding the use of ultrasound for diagnostic imaging of deep venous thrombosis of the limb is TRUE?

a) diagnostic sensitivity and specificity are decreased in vasculature underlying the chest wall

b) diagnostic sensitivity and specificity are decreased by inability to perform compression maneuver due to body habitus (e.g., obesity)

c) diagnosis of venous thrombosis is supported by findings of increased echogenicity, decreased blood flow, and reduced compressibility

d) all of the above

ANSWER: d

EXPLANATION: Imaging characteristics of deep venous thrombosis by compression ultrasound with Doppler include increased echogenicity within the vein, decreased blood flow, and reduced compressibility. Diagnostic sensitivity and specificity of ultrasound for deep venous thrombosis is enhanced by compression maneuver, in which the degree of apposition of the vessel walls is demonstrated. When the ability to perform compression maneuver is impaired by anatomic factors such as obesity or overlying bone, diagnostic performance is reduced, and alternative imaging modalities (e.g., computed tomography venogram, magnetic resonance venogram).. 

7.) Which of the following diagnostic imaging modalities provides high sensitivity in the diagnosis of non-infant cerebral sinovenous thrombosis, without radiation exposure?

a) computed tomography venogram (CTV)

b) magnetic resonance venogram (MRV)

c) Doppler ultrasound

d) none of the above

ANSWER: b

EXPLANATION: Given the overlying skull bones in the non-infant child, diagnostic sensitivity of ultrasound is low for cerebral sinovenous thrombosis. CTV, while sensitive and specific for cerebral sinovenous thrombosis, involves radiation exposure. MRV is highly sensitive for cerebral sinovenous thrombosis, without radiation exposure.  

8.) TRUE or FALSE: A thrombus in the superficial femoral vein is most appropriately designated a deep venous thrombosis.

a) True

b) False

ANSWER: a

EXPLANATION: The superficial femoral vein, also referred to by the preferred term “femoral vein”, is part of the deep venous system of the thigh. The historical term “superficial” was used to distinguish it from the “deep femoral vein”, the deeper of the two branches of the femoral vein, which join to form the “common femoral vein” at the proximal thigh. The persistent use of the historical term “superficial femoral vein” by many vascular labs when describing the location of a thrombus has been associated with a high frequency of non-administration of anticoagulation for this type of deep venous thrombosis, and hence a potentially heightened risk for pulmonary embolism.  

9.) Which of the following statements comparing low molecular weight heparin (LMWH) and unfractionated heparin (UFH) is FALSE?

a) the mechanism of action of both agents involve enhancement of antithrombin activity 

b) terminal half-life of UFH is shorter than LMWH

c) LMWH is preferred over UFH in patients with renal insufficiency

d) a minimum duration of 7 days of heparinization with UFH or LMWH is recommended when warfarinizing pediatric patients with acute VTE

ANSWER: c

EXPLANATION: UFH and its derivates, including LMWH, exert their anticoagulant effects via potentiation of antithrombin activity, resulting in downregulation of thrombin and factor Xa. Terminal half-life of UFH is shorter than LMWH. Renal insufficiency reduces clearance of LMWH, requiring less frequent dosing or, in moderate/severe renal insufficiency, often the selection of an alternative anticoagulant.  A minimum of 7 days of heparinization is recommended when warfarnizing pediatric patients with acute VTE.
10.) Which of the following statements regarding warfarin is FALSE?

a) the mechanism of action involves vitamin K antagonism

b) steady-state is achieved 5-7 days after initiation of dosing

c) polymorphisms in VKORC1 and CYP2C9 account for a large proportion of the variability in therapeutic dose (mg/kg)

d) the recommended starting dose for treatment of pediatric venous thromboembolism is 0.1-0.2 mg/kg

ANSWER: c 

EXPLANATION: Warfarin produces its anticoagulant effect through inhibition of vitamin K epoxide reductase, which results in diminished recycling of vitamin K and, thereby, impaired gamma-carboxylation of the vitamin K dependent procoagulants (factors II, VII, IX, and X) and intrinsic anticoagulants (proteins C and S).  The net effect of this process is measured by the prothrombin time, and calculated as an international normalized ratio (INR) of the patient’s plasma relative to international reference plasma. The INR is affected by a variety of factors, including vitamin K status, warfarin target enzyme (i.e., VKOR) activity, and warfarin metabolism. Warfarin metabolism, in turn, is impacted by age and cytochrome P450 (CYP) activity, which itself is modulated by genetic (e.g., CYP2C9 *2 and *3 polymorphisms) and environmental (e.g., diet, concomitant medication) influences. VKORC1 and CYP2C9 polymorphisms account for only a small proportion of variability in therapeutic dose in children, whereas age appears to be the most important determinant. The recommended starting dose for treatment of pediatric venous thromboembolism is 0.1-0.2 mg/kg. 
11.) Which of the following statements regarding to the use of conventional anticoagulants (unfractionated heparin [UFH], low molecular weight heparin, LMWH] and warfarin) is TRUE?

a) All are used off label for the indication of venous thromboembolism treatment in children 

b) The evidence supporting a recommendation of therapeutic anticoagulation in venous thromboembolism principally consists of a reduction in the risk of recurrent venous thromboembolism (including pulmonary embolism), demonstrated in randomized controlled trials in adults

c) There is no definitive pediatric evidence of a difference in safety or efficacy between UFH and LMWH as acute anticoagulation for venous thromboembolism, nor between LMWH and warfarin as subacute/extended anticoagulation for venous thromboembolism

d) all of the above

ANSWER: d

EXPLANATION: All anticoagulants are used off label for the indication of venous thromboembolism treatment in children. Evidence supporting a recommendation of therapeutic anticoagulation in venous thromboembolism principally consists of a reduction in the risk of recurrent venous thromboembolism (including pulmonary embolism), demonstrated in randomized controlled trials in adults. There is no definitive pediatric evidence of a difference in safety or efficacy between UFH and LMWH as acute anticoagulation for venous thromboembolism, nor between LMWH and warfarin as subacute/extended anticoagulation for venous thromboembolism.
12.) Which of the following DOES NOT support the diagnosis of heparin-induced thrombocytopenia (HIT)?


a) absolute thrombocytopenia or a decline in platelet count by at least 50%

b) onset of decline in platelet count 5-10 days following most recent exposure to heparin, in a patient who has been remotely exposed to heparin (i.e., >100 days previously), and resolution of thrombocytopenia within 2 weeks of removing all sources of heparin exposure 

c) absence of other explanation for thrombocytopenia

d) positive ELISA assay for anti-platelet factor 4 antibodies, followed by a negative serotonin release assay, in a patient with systemic lupus erythematosus

ANSWER: d

EXPLANATION: HIT is largely a clinical diagnosis that is supported by findings of: absolute thrombocytopenia or a decline in platelet count by at least 50%; onset of decline in platelet count 5-10 days following most recent exposure to heparin, in a patient who has been remotely exposed to heparin (i.e., >100 days previously), and resolution of thrombocytopenia within 2 weeks of removing all sources of heparin exposure; absence of other explanation for thrombocytopenia; and a positive ELISA assay for anti-platelet factor 4 antibodies, followed by a positive serotonin release assay. Antiphospholipid antibody syndrome, such as may be seen in lupus patients, is a cause for false-positive HIT testing (positive ELISA for anti-platelet factor 4 antibodies, negative serotonin release assay). 

13.) Which of the following statements regarding antiphospholipid antibody syndrome is FALSE?


a) diagnosis is made by the combination of clinical and laboratory criteria

b) clinical criteria consist of vascular thrombosis or pregnancy morbidity

c) laboratory criteria consist of the persistent presence (initial testing plus repeat testing 12 weeks or more following initial testing) of the lupus anticoagulant, anticardiolipin IgG or IgM antibodies > 40 GPL or > 99th percentile of normal values, or anti-beta-2-glycoprotein-I antibodies > 40 GPL or > 99th percentile of normal values, within 5 years of the clinical criteria 

d) evidence clearly supports a recommendation of life-long anticoagulation at an increased therapeutic target (i.e., INR of >3 on warfarin) in cases wherein the clinical criteria include venous thromboembolism or cardioembolic stroke 

ANSWER: d

EXPLANATION: Diagnosis of antiphospholipid antibody syndrome is made by a combination of clinical and laboratory criteria. Clinical criteria consist of vascular thrombosis or pregnancy morbidity. Laboratory criteria consist of the persistent presence (initial testing plus repeat testing 12 weeks or more following initial testing) of the lupus anticoagulant, anticardiolipin IgG or IgM antibodies > 40 GPL or > 99th percentile of normal values, or anti-beta-2-glycoprotein-I antibodies > 40 GPL or > 99th percentile of normal values, within 5 years of the clinical criteria. Recent trials and meta-analyses do not support targeting a therapeutic range above the conventional range of 2.0-3.0 in antiphospholipid antibody syndrome, given no substantial increase in efficacy (i.e., reduction in risk of recurrent venous thromboembolism) and a significant decrease in safety (i.e., increase in major bleeding complications).  

14.) Based upon current consensus recommendations, which of the following management approaches is preferred regarding anticoagulation for a first-episode of deep venous thrombosis in a child with an identified reversible clinical risk factor, in whom no severe underlying thrombophilia state is disclosed, and who is judged clinically to be at no heightened risk for bleeding complications? 


a) No anticoagulation

b) Prophylactic-dose anticoagulation for 3 months

c) Therapeutic anticoagulation for 3 months

d) Therapeutic anticoagulation for 4 weeks

ANSWER: c

EXPLANATION: Current consensus recommendations favor a duration of 3 months of therapeutic anticoagulation for first-episode venous thromboembolism in which a reversible clinical trigger is identified, and longer in cases of recurrent and/or spontaneous (idiopathic) events. 


15.) In a child with a history of acute occlusive left iliofemoral deep venous thrombosis one year ago, which of the following are possible manifestations of post-thrombotic syndrome?


a) swelling of the left leg, particularly prominent after prolonged standing, and improved by elevation and use of graduated compression stockings

b) aching of the left leg, particularly prominent after prolonged standing, and improved by elevation and use of graduated compression stocking

c) brawny discoloration, with or without ulceration, of the skin of the left leg distally

d) all of the above

ANSWER: d

EXPLANATION: Manifestations of post-thrombotic syndrome following deep venous thrombosis of the leg may included: swelling and/or aching of the affected leg, particularly after prolonged standing, and improved by elevantion and use of graduated compression stockings; brawny skin changes (venous stasis eczema); and venous stasis ulceration.
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1) A fifteen year old girl presents to clinic with a family history of thrombosis and thrombophilia. Her father suffered a deep vein thrombosis at age 30 in the setting of knee surgery; thrombophilia testing was significant for heterozygosity for factor V Leiden. Her mother had a pulmonary embolus in the post-partum setting; thrombophilia testing was significant for heterozygosity for factor V Leiden.

What is the chance that this girl is homozygous for factor V Leiden?

a) 100%

b) 75%

c) 50%

d) *25%

This case illustrates the inheritance of factor V Leiden. In this case, the girl’s parents are both heterozygous for factor V Leiden. Factor V Leiden is inherited in an autosomal fashion. Individuals who are heterozygous have a 5-8 fold increased risk for thrombosis from baseline and those who are homozygous have up to 80 fold increased risk for thrombosis. For each child, there is a 25% that he/she will be homozygous wild-type, 50% chance that he/she will be heterozygous for factor V Leiden, and a 25% chance that he/she will be homozygous for factor V Leiden. 

2) A 3500 gram female infant has neonatal purpura fulminans. 

Which of the following is the most likely explanation of this condition?

a) Heterozygous protein C deficiency

b) Heterozygous antithrombin deficiency

c) Heterozygous factor V Leiden

d) *Homozygous protein C deficiency

e) Homozygous antithrombin deficiency

A severe inherited prothrombotic state must be considered in any infant presenting with neonatal purpura fulminans. Of the choices, the most likely diagnosis is homozygous protein C deficiency. Heterozygous protein C deficiency, heterozygous antithrombin deficiency and heterozygous factor V Leiden are all inherited prothrombotic states but are not severe enough to result in neonatal purpura fulmnins. Homozygous antithrombin deficiency is not compatible with life. 

3) A five year old female with nephrotic syndrome is being treated for sepsis and develops a catheter-related thrombosis. Unfractionated heparin is initiated at 20 U/kg/hr. Dose adjustments are made based on the anti-factor Xa assay. At a dose of 50 U/kg/hr her anti-factor Xa level is 0.1 U/mL.

Which of the following is the next most appropriate test in the evaluation of this patient?

a) aPTT

b) PT/INR

c) Factor VIII activity

d) *antithrombin activity

e) plasminogen activity

This patient is demonstrating heparin resistance. The most appropriate test is an antithrombin activity. The mechanism of action of heparin depends on antithrombin. If antithrombin levels are low, it may be difficult to obtain a therapeutic effect. This child may have acquired antithrombin deficiency due to nephrotic syndrome and sepsis. In order to achieve effective anticoagulation with heparin she will require antithrombin replacement. Alternatively, a direct thrombin inhibitor may be used. aPTT has traditionally been used to monitor heparin therapy, but is less reliable than the anti-factor Xa level. PT/INR is used to monitor warfarin therapy. Factor VIII activity is useful when monitoring heparin with aPTT since elevated factor VIII will shorten the aPTT and interfere with the reliability of the assay. Plasminogen activity is most useful for patients being treated with fibrinolytic therapy to determine if plasminogen replacement is needed.

4) A fifteen year old female develops a right lower extremity venous thrombosis attributed to oral contraceptives and heterozygosity for prothrombin gene mutation. Oral contraceptives were discontinued. She has been anticoagulated with low molecular weight heparin for four weeks. The decision is made to convert to warfarin therapy.

Which of the following tests must be done prior to initiation of warfarin?

a) *Serum pregnancy test

b) Serum creatinine

c) PIVKA  (proteins induced by vitamin K absence ) II assay

d) Genotyping for warfarin resistance

Since warfarin is embryonic lethal, a pregnancy test must be done in any female of child bearing potential prior to initiation of warfarin. Serum creatinine is not required, because warfarin clearance is not dependent on renal function. The PIVKA assay is used to distinguish between vitamin K deficiency and liver dysfunction. It is not a standard assay prior to initiation of warfarin. Genotyping for warfarin resistance may be useful for predicting warfarin doses. However, this has not been established as standard of care for children initiating warfarin. 

5) A two year old with congenital heart disease requires anticoagulation with warfarin. 

Which of the following is the most appropriate test for determining the therapeutic dose of warfarin?

a) aPTT

b) *PT/INR

c) Anti-factor Xa assay

d) Chromogenic factor X assay

e) Genotyping for warfarin resistance

The standard test for determining the therapeutic dose of warfarin is the PT/INR. The warfarin dose is adjusted based on PT/INR and established PT/INR goal range, most often 2-3 or 2.5-3.5 depending on the clinical setting. aPTT and anti factor Xa assays are used to monitor unfractionated heparin. Chromogenic factor Xa levels will decrease with warfarin effect, but this assay is not the established assay for warfarin monitoring. Genotyping for warfarin resistance has been used in adult populations to predict warfarin dose. However, even in adults, the PT/INR must be used to determine if the warfarin dose is actually therapeutic.

6) A ten day old infant presents with presents with left-sided abdominal mass and hematuria. A diagnosis of renal vein thrombosis is established. You are consulted and asked whether anticoagulation should be initiated with unfractionated heparin or low molecular weight heparin.

Which is the following is an advantage of low molecular weight heparin compared to unfractionated heparin?

a) Low molecular weight heparin is completely reversible with protamine

b) Low molecular weight heparin is renally cleared

c) *Low molecular weight heparin is associated with a lower risk for heparin induced thrombocytopenia

d) Low molecular weight heparin mechanism of action is independent of antithrombin

e) Low molecular weight heparin does not require monitoring

Heparin induced thrombocytopenia is an uncommon adverse event associated with anticoagulation in children. The risk is higher for unfractionated heparin compared to low molecular weight heparin. 

Low molecular weight heparin is less effectively reversed by protamine compared to unfractionated heparin. Low molecular weight heparin is really cleared, but this is a disadvantage in children with renal insufficiency. 

Both low molecular weight heparin and unfractionated heparin exert anticoagulant effects via through antithrombin, and both anticoagulants require monitoring. 

7) A two year old male with trisomy 21 and congenital heart disease is admitted for cardiac catheterization and subsequent cardiac surgery. His course is complicated by sepsis with bleeding from incision sites. He has started a course of vancomycin for methicillin resistant S. Aureus catheter-related infection. Twenty days after the procedure the cardiac intensive unit calls because the platelet count is 10 x 109/L. Three days earlier the platelet count was 150 x 109/L. His last heparin exposure was 15 days prior to consultation. 
What is the most appropriate recommendation?
a) Evaluate for heparin induced thrombocytopenia

b) *Evaluate for disseminated intravascular coagulation

c) Evaluate for immune thrombocytopenic purpura

d) Evaluate for renal vein thrombosis

e) Evaluate for liver failure

This child most likely has disseminated intravascular coagulation associated with sepsis. 

HIT should be considered in any child with recent heparin exposure. However, this child’s clinical course is inconsistent with a diagnosis of HIT. In this case, the timing of thrombocytopenia in relationship to heparin exposure, >10 days, is not consistent with a diagnosis of HIT. Onset of decline in platelet count 5-10 days following most recent exposure to heparin would be consistent with HIT. The degree of thrombocytopenia, < 10 x 109/L, is not consistent with a diagnosis of HIT. This degree of thrombocytopenia is unusual in HIT. This child does have multiple other explanations for thrombocytopenia. Thrombocytopenia is common in the cardiac intensive care unit. Common etiologies include medications and disseminated intravascular coagulation related to sepsis. Children with trisomy 21 frequently have thrombocytopenia. 

Immune thrombocytopenic purpura, renal vein thrombosis and liver failure may be associated with thrombocytopenia, but would be unlikely complications in this child. 

8) A fifteen year old female would like to start oral contraceptives. She is referred to hematology clinic because of a family history of venous thrombosis and thrombophilias. Her father reports that he developed a pulmonary embolism at the age 30 after reconstructive knee surgery. He reports a diagnosis of protein C and protein S deficiency, but no longer takes an anticoagulant.

What is the most appropriate counseling to provide to the family?
a) The father likely has multiple inherited thrombophilias; test the child for protein C and protein S deficiency and do not prescribe oral contraceptives if she has inherited thrombophilia

b) The father likely has multiple inherited thrombophilias; test the child for protein C and protein S deficiency; initiate anticoagulation and do not prescribe anticoagulation if she has inherited thrombophilia

c) *The father’s testing was likely influenced by anticoagulation therapy; retest the father for protein C and protein S deficiency prior to testing the child

d) No testing is necessary, the child definitely has at least one inherited thormbophilia and oral contraceptives should be avoided

Interpretation of thrombophilia testing can be confounded by anticoagulation. Warfarin decreases all vitamin-K dependent factors, including protein C and S. It would be extremely unlikely to co-inherit protein C and S deficiency. Therefore, the father should be retested now that he has stopped anticoagulation. The new test results can guide further discussion of thrombophilia testing with the family.

9) A two week old infant born at 25 weeks gestation develops a right upper extremity deep vein thrombosis. The neonatal course has been complicated by necrotizing enterocolitis requiring total parenteral nutrition (TPN) via a peripherally inserted central catheter (PICC). There is no family history of venous or arterial thrombosis. Thrombophilia testing reveals antithrombin activity of 30%, free protein S of 45% and protein C of 25%. 

Which of the following is the most likely contributing factor to the venous thrombosis?

a) Excessive vitamin K replacement in the TPN

b) Antithrombin deficiency

c) Protein C deficiency

d) Protein S deficiency

e) *PICC

The most likely etiology of the venous thrombosis is the PICC. Central catheters account for ~80% of venous thrombosis in children. Excessive vitamin K replacement would be highly unlikely, and vitamin K replacement has not been associated with venous thrombosis. The levels of antithrombin, protein C and S are in the normal range for age. Age based-norms must be used when interpreting results of plasma-based coagulation assays in neonates. 

10)  A twelve year old male with sickle cell disease with a history of stroke undergoes port placement to facilitate erythrocytapheresis for secondary stroke prevention.  Four days later he presents to clinic complaining of facial and arm swelling.  His mother had noted the facial swelling that morning.  She took him to a local emergency where he was diagnosed with an allergic reaction and given diphenhydramine.  He had only transient improvement in his facial swelling.  

Which of the following is the most likely diagnosis?

a) *Superior vena cava syndrome

b) Cerebral sinovenous thrombosis

c) Delayed hemolytic transfusion reaction

d) Allergic reaction to anesthesia given during port placement

e) Allergic reaction to desferoxamine which he takes for iron chleation

This adolescent has developed superior vena (SVC) syndrome related to his new central venous catheter. Symptoms of SVC syndrome include arm and facial swelling. Cerebral sinovenous thrombosis would most likely present with headache or other neurologic symptoms. Delayed hemolytic transfusion reactions may occur in children with sickle cell disease ~5-7 days after transfusion, but the most common symptoms are fever, back pain and dark urine. The localized swelling is inconsistent with an allergic reaction to intravenous and oral medications.

11)  A fifteen year old male is referred to the hemostasis and thrombosis clinic after vascular surgery to treat a popliteal artery occlusion. The review of systems is significant for myopia, history of lens dislocation and developmental delay. Homocysteine level is 150 micromolar/L [nl 0-13 micromolar/L].

Genetic testing for mutation in which of the following enzymes will establish the diagnosis?

a) Methylenetetrahydrofolate reductase

b) Dihydrofolate reductase

c) *Cystathionine beta-synthase

d)  Methionine synthase

This adolescent has homocystinuria, a rare, autosomal recessive condition, due to mutations in the gene for cystathionine beta-synthase. Individuals present at a young age with hyperhomocysteinemia. Associated symptoms include venous and arterial thrombosis, lens dislocation and developmental delay. Some individuals with homozygosity or compound heterozgyosity for C677T and A1298C polymorphisms in methylenetretrahydrofolate reducatase have hyperhomocysteinemia. The levels of homocysteine are not as high as with homocystinuria and are not associated with the same clinical manifestations.

 Dihydrofolate reductase and methionine synthase are involved in folate metabolism, but deficiency of these enzymes is not associated with hyperhomocysteinemia.

12)  A fourteen year old male is diagnosed with a left subclavian vein thrombosis. His past medical history is only remarkable for beta thalassemia trait. He is a pitcher for his high school baseball team. He denies illicit drug use. 

Which of the following is the most likely risk factor contributing to his thrombosis?

a) anabolic steroid use

b) *anatomic abnormality

c) heterozygosity for methylene tetrahydrofolate reducatase (MTHFR) C677T

d) beta thalassemia trait

This adolescent has thoracic outlet syndrome. Thoracic outlet syndrome involves compression of the subclavian vein by the cervical rib. Activities such as pitching cause repeated trauma to the vein resulting in thrombosis. Anabolic steroid use has not been linked to risk of venous thrombosis. Heterozygosity for MTHFR C677T and beta thalassemia trait are not prothrombotic.

13)  A four year male with AML had a right sided femoral venous catheter placed at diagnosis for leukocytapheresis. Two days later his mother notices that his right leg is 3 times bigger than his left leg. He denies chest pain and shortness of breath. An ultrasound of the right lower extremity shows that the right common femoral, femoral and popliteal veins are compressible. No thrombus is seen in the common femoral vein, femoral vein, and popliteal veins at gray-scale and color Doppler evaluation. 

Which of the following is the next most appropriate step in the evaluation and management of this child?

a) Observation; repeat ultrasound if there is progressive swelling

b) V/Q scan to evaluate for pulmonary embolus

c) CT scan to evaluate for pulmonary embolus

d) *MRV of the lower extremity and pelvis

This child has right iliac vein thrombosis which was not detected on ultrasound. If deep vein thrombosis is suspected, further imaging is warranted. Observation alone could delay the initiation of anticoagulation and increase risk of extension and/or embolization. It is possible that the child also has an asymptomatic pulmonary embolus, but the first priority is to establish a diagnosis of deep vein thrombosis. 

14)  A fourteen year old male presents with occlusive deep vein thrombosis from the popliteal veins up through the IVC to the level of the renal veins. Recommendation is made to initiate thrombolytic therapy with tissue plasminogen-activator (t-PA). t-PA is initiated at a dose of 0.03 mg/kg/hr via a peripheral IV. Unfractionated heparin is administered at 10 units/kg/hr via a separate peripheral IV. The baseline platelet count is 200 x 109/L [nl 150-450 109/L]. After 4 hrs, oozing is note at the peripheral IV sites. Repeat laboratory studies and imaging are done every 6 hrs. 

Which of the following is a reason to discontinue t-PA? 

a) fibrinogen of 120 mg/dL [nl 200-400 mg/dL] after 6 hrs of treatment

b) plasminogen of 50% [nL 85-150%] after 12 hrs of treatment

c) oozing at peripheral IV sites after 4hrs of treatment

d) no resolution of thrombosis after 12 hrs of treatment

e) *resolution of thrombosis after 12 hrs of treatment

t-PA should be discontinued as soon as the thrombosis has resolved. The duration of time to resolution is variable. Despite resolution the patient will still need long-term anticoagulation, for at least six months, to prevent recurrence. It is extremely important to monitor laboratory parameters during t-PA infusion to ensure safety and optimize efficacy. Fibrinogen is expected to decrease during t-PA infusion. In order to prevent bleeding, cryoprecipitate or fresh frozen plasma should be given to maintain the fibrinogen >100 mg/dL. Plasminogen is expected to decrease during t-PA infusion. Plasminogen is required for the fibrinolytic activity of t-PA. Fresh frozen plasma should be given if plasminogen activity is low prior to starting t-PA, if there is no response to treatment or if plasminogen is low during treatment. Oozing from IV sites is expected with t-PA. This can be managed with supportive measures and does not require discontinuation of t-PA. More significant bleeding, especially if associated with decrease in hemoglobin, will require discontinuation of t-PA and possibly reversal with cryoprecipitate and aminocaproic acid. 

15)  A three year old with a hypoplastic left heart syndrome undergoes Fontan completion. His post-operative course is complicated by heparin induced thrombocytopenia and thrombosis. His heparin is discontinued and he is started on argatroban for anticoagulation.

Which of the following is a correct statement about argatroban?

a) Argatroban is dependent on antithrombin for its efficacy

b) Argatroban has been associated with heparin induced thrombocytopenia

c) A Food and Drug Administration approved indication of argatroban is treatment of venous thrombosis in children

d) *Argatroban dosing is titrated based on the aPTT

e) The anticoagulant effect of argatroban is reversible with protamine

Similar to heparin, argatroban dosing is titrated with the aPTT to a goal of 1.5-3 times baseline aPTT.

Argatroban is a direct-thrombin inhibitor. Its mechanism of action is independent of antithrombin. It has not been associated with risk of heparin induced thrombocytopenia and is a non-heparin alternative for anticoagulation in adults and children with known or suspected heparin induced thrombocytopenia. The primary FDA approved indication for argatroban is prophylaxis and treatment of thrombosis in adults with heparin induced thrombocytopenia. It is also approved for adult patients with or at risk for heparin induced thrombocytopenia undergoing percutaneous coronary intervention. There is some pediatric dosing information on the label, but like most anticoagulants in children they are used off label.

There is no specific reversal agent for argatroban. Protamine reverses heparin and partially reverses low molecular weight heparin.

