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Question 1:

A 7 year old girl requiring a tonsillectomy and adenoidectomy undergoes pre-operative laboratory testing by her surgeon revealing a prolonged activated partial thromboplastin time (PTT) of 150 seconds (normal range 22-36 seconds). Her prothrombin time (PT) is normal. She had previously had 2 dental extractions that were uneventful. She otherwise has no personal or family history of bleeding. Which of the following is most likely:

A. Factor VIII activity of 2%

B. Factor IX activity of 2%

C. Factor VII activity of 2%

D. Factor XI activity of 2%

E. Factor XII activity of 2% (*)

Explanation: A prolonged PTT and normal PT means that there is either a deficiency of an intrinsic factor or the presence of a lupus anticoagulant. None of the choices offer the possibility of a lupus anticoagulant. With respect to the choices, clearly C cannot be correct because FVII deficiency would affect the PT and not the PTT. With respect to choices A and B, since deficiencies of factors VIII and IX are inherited in an X-linked recessive fashion, it would be highly unusual for a girl to have such low levels although extreme Lyonization of the X chromosome can occur. More importantly, this child has no personal history of bleeding even in spite of a previous hemostatic challenge making such deficiencies highly unlikely. While FXI deficiency does occur in females and bleeding symptoms are milder than for deficiencies of factors VIII and IX, it is still likely that with dental extractions, excessive bleeding would occur. Deficiency of FXII especially to this level would substantially prolong the PTT yet it is not associated with any bleeding symptoms making it the correct answer.

Question 2:

You were asked to consult on a newborn on day of life 2 due to excessive bleeding after circumcision. The PTT is prolonged and the PT is normal. You order factor assays and the results are as follows:


Factor VIII—8%


Factor IX—12%


Factor XI—15%


Factor XII—6%

The most likely diagnosis is:

A. Factor VIII deficiency (*)

B. Factor IX deficiency

C. Factor XI deficiency

D. Factor XII deficiency

E. All the factor levels are normal for age

Explanation: In order to evaluate for factor deficiencies in neonates, it is critical to know which factors are physiologically deficient and which are within the typical adult range. Most of the factors are physiologically deficient in neonates, particularly in the first week of life, however factor VIII and von Willebrand factor are normally even higher in newborns than in normal adults while factors IX and XI are normally lower. Factor XII is also lower in the newborn period, however this deficiency does not cause bleeding. Therefore in this scenario, the correct diagnosis is factor VIII deficiency.

Question 3:

You are asked to consult on a newborn female with purpura fulminans. Upon taking the medical history, you learn that this child had a male sibling who died in the neonatal period after presenting with purpura fulminans. She has 3 other siblings who are healthy and did not have purpura fulminans. This child’s underlying condition leads to which physiologic consequence:

A. Excess von Willebrand factor high molecular weight multimers

B. Decreased fibrinogen

C. Inability to inactivate factor VIII (*)

D. Decreased production of plasminogen

E. Thrombocytopenia

Explanation: The differential diagnosis of neonatal purpura fulminans includes disseminated intravascular coagulation as well as deficiencies of proteins C and less likely, protein S. In this vignette, the child had an older sibling who presented in the same manner, and while DIC can occur to any newborn, this scenario suggests the presence of an autosomal recessive disorder. As such, the most likely diagnosis is protein C (or S) deficiency. The protein C/S complex is responsible for inactivating factors V and VIII thus the correct answer is C.

Question 4:

You are evaluating a 12 year girl who was admitted to the hospital for anemia (hemoglobin concentration of 85 gm/L) who has had significant vaginal bleeding with the onset of menarche 3 weeks ago. Her family history includes several females who were diagnosed with von Willebrand disease (VWD). Which of the following tests are necessary to detect the presence of type 2A VWD?

A. Von Willebrand factor (VWF) antigen concentration

B. Ristocetin cofactor activity

C. Factor VIII activity

D. VWF multimer analysis (*)

E. Ristocetin-induced platelet aggregation with low dose ristocetin

Explanation: There are several types of VWD. Types 1 and 3 are due to a partial or complete deficiency of VWF while the type 2 variants are due to specific functional defects in VWF. While answers A, B, and C are important in the evaluation of type 2A VWD, they are not diagnostic, and determining the structure of the VWF multimers is the only way to reveal the diagnosis. In type 2A VWD, there is an absence of high and medium molecular weight multimers (see figure below). The ristocetin-induced platelet aggregation assay with low dose ristocetin is important for the diagnosis of type 2B VWD.
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Question 5:

A 12 year old child with a deep vein thrombosis received a loading dose of warfarin of 0.2 mg/kg (8 mg) and then started on a dose of 0.1 mg/kg (4 mg) with a target INR of 2-3. The INR the next day was 2.1. When the patient returns to see you after 10 days, the INR is 1.4. This effect can be best explained by which of the following:

A. The child had a change in a medication that affects warfarin metabolism 3 days after starting warfarin.

B. The different half-lives of factors II, VII and X. (*)

C. The child has a mutation in VKORC1 making them more sensitive to the effects of warfarin.

D. The child ate a meal with a high content of vitamin K.

E. The child was on the generic version of warfarin rather than Coumadin.

Explanation: Warfarin is a vitamin K antagonist which interferes with gamma-carboxylation of the vitamin K-dependent proteins (factors II, VII, IX, and X and proteins C and S). In order to understand how to properly treat a child with warfarin, one must know the half-lives of the affected proteins. The half-life of factor VII is short (~5 hours or less in younger children) while that of the other 3 factors range from 12-24 hours. Following a warfarin loading dose (which incidentally is not recommended), the factor VII level can drop precipitously leading to a rapid rise in the INR. The INR in this vignette measured the day after the dose of warfarin reflects only the effect on factor VII. Once the maintenance dose is started, it takes 5-7 days to reach the steady state (and lower) level of factors with the longest half-life (factors II and X). Thus, the high early INR only reflects the loading dose’s effect on factor VIII while the subtherapeutic INR at day 10 reflects the balanced reduction of all the vitamin K-dependent clotting factor. Therefore, the correct answer is B. The vignette did not mention any other medications the child was taking. The presence of a VKORC1 mutation increasing the sensitivity to warfarin would not lead to a subtherapeutic INR at day 10 though it could lead to a supratherapeutic INR.  A single meal with a high vitamin K content would not have a prolonged effect on the INR. In fact, it takes very large quantities of ingested vitamin K to impact the INR, and with the exception of a vegan diet is unlikely to influence the dose of warfarin. The generic form of warfarin is as effective as the branded variety so even a change from Coumadin to warfarin wouldn’t result in such a change.

Question 6:

A 1 year old male presents to the emergency room with irritability and vomiting, and a CT scan demonstrates a large intracranial parenchymal hemorrhage. The mother reports that his only other bleeding symptom was prolonged bleeding from the umbilical stump. The patient comes from a large pedigree with numerous male and female first and second degree relatives, however there is no history of excessive bleeding in any of them. Which of the laboratory test patterns are most consistent with this history?

A. Normal PT and PTT. (*)

B. Prolonged PT, normal PTT.

C. Normal PT, prolonged PTT.

D. Prolonged PT, prolonged PTT.

Explanation: This presentation is most consistent with factor XIII deficiency. The family history suggests a disorder inherited in an autosomal recessive pattern. The location of the 2 hemorrhages (intracranial and umbilical stump) are classic for factor XIII deficiency. As factor XIII is not required to form the initial fibrin clot which is what the endpoint of the PT and PTT assay are, both tests are normal in the presence of even severe factor XIII deficiency. Factor XIII activation results in the cross-linking of fibrin monomers which can be assessed qualitatively in a clot solubility assay using either urea or acetic acid. Thus the correct answer is A.

Question 7:

A 2 year old female develops a femoral artery thrombus following cardiac catheterization and is noted to have pallor of the lower half of the leg which is cool to the touch. Her pulses in her foot are present but diminished. Her physician decides to treat the thrombus with tissue plasminogen activator (TPA). Her laboratory test prior to initiation of TPA demonstrate a PT of 10.2 seconds (normal 9.7-11.2 seconds) and a PTT of 31.3 seconds (normal 22-36 seconds), a fibrinogen of 2.75 g/L (normal 2-4 g/L) and a D-dimer of 2,450 ng/mL (normal <500 ng/mL). After 6 hours of TPA, there is no improvement of the symptoms related to the thrombus. The laboratory tests are unchanged. Her dose is increased to what is considered to be the maximum dose of 0.5 mg/kg/hour. Again 6 hours later, there is no clinical improvement and the laboratory tests are unchanged. What is the most reasonable next step in her management?

A. Change the TPA infusion to urokinase.

B. Change from TPA to unfractionated heparin.

C. Give 10 cc/kg of fresh frozen plasma.(*)

D. Start aspirin.

E. Perform a surgical thrombectomy.

Explanation: This child has an arterial thrombus of the leg following cardiac catheterization and the decision is made to treat the thrombus with TPA. It is important to understand that TPA is an enzyme which cleaves plasminogen to plasmin and that plasmin is the effector protein which lyses the fibrin clot. In the absence of plasminogen, TPA has no effect. Following administration of TPA, one should look for a lytic effect as evidenced by a decrease (often substantial) of the fibrinogen level along with a rise in the D-dimer. Absence of this effect on these laboratory tests should raise the concern that the patient does not have a sufficient amount of circulating plasminogen and fresh frozen plasma should be administered. In this vignette, it would have been appropriate to do this even after the first set of laboratory tests showed no effect. Therefore the correct answer is C. Merely changing from one fibirnolytic drug to another is not going to be effective. While changing to heparin is not unreasonable, given this child’s symptoms, and the initial decision to treat with TPA, switching to heparin would be less appropriate than giving fresh frozen plasma. Staring aspirin is not indicated as it will not help in dissolving the clot and is more effective at preventing arterial thrombosis than treating it. Surgical thrombectomy would be a very radical approach in this scenario and in a child so young.

Question 8:

You are seeing a 12 year boy old with easy bruising and recurrent epistaxis as a second opinion. He is active in a variety of sports, however his mother feels that his bruising is excessive. His pediatrician sent the following laboratory tests all of which are normal: WBC, Hemoglobin, platelet count, PT, PTT. Another hematologist ordered the following all of which were normal: VWF Ag, ristocetin cofactor activity, factor VIII activity, factor XIII activity, and platelet aggregation studies. Which of the following physical exam findings would be most informative:

A. Petechiae where the blood pressure cuff was placed.

B. Hypermobility of the finger joints.(*)

C. Palpable bruises over the tibial surface.

D. A conjunctival hemorrhage

E. Albinism.

Explanation: It is not unusual for a hematologist to be referred a patient with bleeding symptoms that are sufficient enough to warrant concern yet for a detailed laboratory evaluation to be completely negative. While some of the laboratory testing often warrants repeating (particularly ristocetin cofactor levels), another consideration for such patients is the presence of a connective tissue disorder. This scenario suggests the possibility of a patient with Ehlers-Danlos syndrome, a primary collagen disorder in which patients have joint hypermobility, hyperelastic skin, and mucocutaneous bleeding symptoms. Thus, the answer to this question is B. Answers A, C, and D suggest the possibility of a bleeding disorder but would not be informative to the diagnosis. Answer E suggests the possibility of Hermansky-Pudlak syndrome, a disorder characterized by albinism and platelet dysfunction, however in that disorder, platelet aggregation studies are abnormal.

Question 9:

A 10 day old male is being seen in the emergency room due lethargy and poor feeding. Her anterior fontanel is full. A CT scan demonstrates an intraparenchymal hemorrhage. Coagulation tests are ordered with the following results: PT—37 seconds (normal 9.7-11.2 seconds) and a PTT of 66 seconds (normal 22-36 seconds). This child may have which of the following factor deficiencies:

A. Factor VII.

B. Factor VIII.

C. Factor IX.

D. Factor X.(*)

E. Factor XI.

Explanation: The PT and PTT are screening tests performed to evaluate most of the clotting factors (factor XIII is not evaluated by these assays). It is critical to understand which factors are affected by each assay in order to make the correct diagnosis rapidly particularly in such a dire situation where treatment is warranted as soon as possible. In this scenario, both the PT and PTT are prolonged which means that for a single factor deficiency, that factor would have to reside in the common pathway which includes fibrinogen and factors II, V, and X. Therefore the correct answer is D. Factor VII deficiency would not prolong the PTT and deficiencies of factors VIII, IX or XI would not prolong the PT.

Question 10:

A 14 year old female with osteomyelitis is receiving antibiotics at home via a percutaneously inserted central catheter (PICC line). She has developed an abscess despite antibiotic therapy and requires incision and drainage. The orthopedic surgeon orders a PT and PTT. The patient has never had any bleeding symptoms. She had 2 teeth extracted when she was 3 years old and a tonsillectomy and adenoidectomy at the age of 7 years neither of which resulted in excessive bleeding. The PT is 16.2 seconds (normal 9.7-11.2 seconds) and a PTT of 61.3 seconds (normal 22-36 seconds). The most appropriate next step is:

A. Order a fibrinogen level.

B. Order levels of factors II, V and X.

C. Repeat the PT and PTT.

D. Determine the details regarding sample procurement.(*)

E. Proceed with the procedure without further testing.

Explanation: This question raises two critical points. First, is the need for pre-operative laboratory testing and second is understanding the pitfalls of coagulation testing. With regards to the first point, one could conceivably conclude that this child doesn’t have a bleeding disorder based on her negative history for bleeding which in particular includes two significant hemostatic challenges. As such, it would be reasonable to proceed with this relatively minor procedure without any testing and one would be tempted to answer E, however given that the tests were already performed and it is also possible for children with bleeding disorders to not bleed excessively with dental extractions and even tonsillectomy and adenoidectomy, it would not be prudent to ignore the test results. Since she has a PICC line, it is possible if not likely that the lab tests were drawn from it, and results of coagulation testing from heparinized lines be they central or peripheral are not reliable. Therefore the next most appropriate step is to determine if the laboratory tests were drawn from the PICC line and thus the correct answer is D. Ordering factor levels or a fibrinogen level is premature considering that the abnormalities may be artifactual. Repeating the PT and PTT seems reasonable, however without knowing where the labs were drawn from, if they were drawn from the PICC line the first time and then repeated from the same place, the results could be the same which could “strengthen” the argument that she has a bleeding disorder and lead to unnecessary tests or even potentially harmful treatment.

Question 11:

A 4 year old male is in the intensive care unit intubated and sedated. You are asked to consult due to the presence of numerous generalized petechiae and some large ecchymosis on the abdomen and trunk. Laboratory evaluation demonstrates a platelet count of 45 x 109/L, a PT 15.4 seconds (normal 9.7-11.2 seconds), a PTT of 48 seconds (normal 22-36 seconds), and a fibrinogen level of 0.87 g/L (normal 2-4 g/L). Which of the following most likely led to these clinical findings:

A. Immune thrombocytopenic purpura (ITP).

B. Systemic lupus erythematosus (SLE).

C. Congenital hypofibrinogenemia.

D. Acute promyelocytic leukemia.(*)

E. Vitamin K deficiency. 

Explanation: Although the data provided in this vignette is limited, it is clear that this is a very sick child and a very sick child with the laboratory profile provided is strongly suggestive of the presence of disseminated intravascular coagulation (DIC). It is important to know the underlying causes of DIC in children and from the answer choices provided, the most likely answer is D. Acute promyelocytic leukemia is notorious for causing DIC. Children with ITP are generally well-appearing and furthermore would not have abnormalities in coagulation testing unless they had a massive hemorrhage. As that information is not provided, one must assume the answer refers to uncomplicated ITP. The same can be said for SLE, and of note, a 4 year old male is not the typical demographic for SLE. Congenital hypofibrinogenemia should not cause a child to be this sick nor should it lead to thrombocytopenia. Lastly, this is not the typical age for a child with vitamin K deficiency and in that disorder, the platelet count is normal.

Question 12: 

For the child in the above scenario, the most effective therapy to control his DIC is which of the following:

A. Treatment of the acute promyelocytic leukemia.

B. Fresh frozen plasma.

C. Cryoprecipitate.

D. Platelet transfusion.

E. Exchange transfusion.

Explanation: The most important aspect of the management of DIC is treatment of the underlying disorder and thus the answer is A. While supportive care in the form of blood products may be indicated in certain situations (severe bleeding, thrombotic complications), none of these will “control” the DIC. Exchange transfusion will reverse the laboratory findings and perhaps help with bleeding or clotting symptoms, it will not control the DIC either. Treatment of DIC requires treatment of the condition which led to the DIC in the first place.

Question 13:

A 3 day old infant is brought to the ER due to a seizure. A CT scan demonstrates massive intracranial hemorrhage. On your examination, the child has numerous bruises on the abdomen and trunk. Which of the below scenarios is most likely:

A. The baby was born to an infant of a diabetic mother.

B. The baby was born at home.(*)

C. The baby is exclusively breastfed.

D. The baby has craniosynostosis.

E. The baby had no prenatal care.

Explanation: This is a classic presentation for vitamin K deficiency bleeding. The so-called “classical” presentation occurs between 2-7 days of age and babies not infrequently present with intracranial hemorrhage. From the above choices, only B suggests that this is the diagnosis. Infants born at home are at highest risk for not receiving prophylactic vitamin K at birth. Infants of diabetic mothers are not at risk for bleeding complications nor are children with craniosynostosis. Exclusively breastfed infants are at risk for late vitamin K deficiency bleeding which generally occurs from 4-12 weeks of age, however they are not at risk for bleeding at this age. A baby with no prenatal care is not necessarily at higher risk for vitamin K deficiency than other babies.

Question 14:

A 15 year old female with cystic fibrosis is going to undergo a partial pneumonectomy due to severe bronchiectasis. The surgeon orders pre-operative coagulation testing which demonstrates a PT of 17.2 seconds (normal 9.7-11.2 seconds) and a PTT of 36 seconds (normal 22-36 seconds). Due to the abnormality she is given supplemental oral vitamin K of 5 mg once a day for 3 days over and above the ADEK vitamin she has already been taking.  After the third dose, repeat testing demonstrates a PT of 16.9 seconds (normal 9.7-11.2 seconds) and a PTT of 37 seconds (normal 22-36 seconds). You are asked to consult. What is the most appropriate next step:

A. Increase the oral vitamin K dose and repeat the testing.

B. Perform a mixing study on the PT.

C. Give a parenteral dose of vitamin K and repeat the testing.(*)

D. Proceed with surgery with a pre-operative dose of recombinant factor VIIa.

E. Proceed with surgery with a pre-operative dose of a prothrombin complex concentrate.

Explanation: It is important to understand the vitamin K is a fat-soluble vitamin which can be malabsorbed in patients with fat-malabsorption disorders. In cystic fibrosis, pancreatic dysfunction leads to malabsorption of fat-soluble vitamins and such patients received ADEK (an oral fat-soluble supplement with vitamins A, D, E, and K). Despite this, however, patients with cystic fibrosis are at risk for vitamin K deficiency. In this scenario, the patient received a trial of oral vitamin K supplementation with no benefit. The dose this patient received was adequate and increasing the dose is unlikely to have an effect. A mixing study is not likely to yield useful information since only the PT is prolonged. Lupus anticoagulants affect the PTT much more commonly than the PT and this clinical scenario is not suggestive for the presence of a lupus anticoagulant, regardless. Giving recombinant factor VIIa or prothrombin complex concentrate while likely to correct the abnormality are very expensive medications which carry with them the risk for thrombosis and giving them in the absence of a diagnosis is not appropriate. Repeating the vitamin K challenge with a parenteral dose of vitamin K could be both diagnostic and therapeutic. If the repeat testing is normal, then the diagnosis of vitamin K deficiency is confirmed and in fact the patient has been treated. If the repeat testing is abnormal, then more tests would be indicated. Of note, if such a patient were not to proceed immediately to surgery, e.g. if it were to be weeks later, then repeating the PT and PTT would be important as an additional dose of parenteral vitamin K might be needed.

Question 15: 

A 5 year old male presents with fulminant acute hepatic failure. He is noted to be bleeding from his gums, nose and has hematochezia. This patient’s bleeding is most likely due to which of the following combinations:

A. Deficiency of fibrinogen, factor VII and factor II.(*)

B. Thrombocytopenia and factor XI deficiency.

C. Factor VIII, IX and XI deficiency.

D. Factor V and VIII deficiency.

E. Low levels of von Willebrand factor and factor VIII.

Explanation: Liver failure results in severe derangements in the coagulation system and while most of the clotting factors are synthesized in the liver, a number of clotting factors have extrahepatic synthesis either wholly or at least in part. Fibrinogen and factors VII and II are exclusively made in the liver and thus A is the correct answer. Although low platelets are not unusual in patients with liver failure, it is also possible for the platelets to be normal or even elevated as an acute phase reactant. Although factor XI is made in the liver, a combination of thrombocytopenia and FXI deficiency is not as likely in this scenario as choice A. Although FVIII is also made in the liver, it is also synthesized in extrahepatic sites, and importantly and probably due to being an acute phase reactant, FVIII levels are often elevated in acute hepatic failure, sometimes significantly. This makes choices C, D and E incorrect. Regarding choice D, factor V is also synthesized in megakaryocytes and is delivered to the site of bleeding by platelets. Regarding choice E, von Willebrand factor is synthesized in endothelial cells and megakaryocytes and its production is unaffected by liver disease. As it is also an acute phase reactant, its levels are often elevated in acute hepatitis and this is also a reason for an elevated factor VIII in liver disease.

Question 16: 

An 8 year old female with recurrent tonsillitis is referred for a tonsillectomy. Her surgeon orders pre-operative laboratory tests and the results demonstrate a PT of 10.2 seconds (normal 9.7-11.2 seconds) and a PTT of 58 seconds (normal 22-36 seconds). The most appropriate next test to order is:

A. Factor VIII activity.

B. Factor IX activity.

C. Factor XI activity.

D. Factor XII activity.

E. A mixing study.(*)

Explanation: This is a typical scenario for the presence of lupus anticoagulant in a child and therefore ordering a mixing study is the most appropriate next test to order. With no further history, ordering just one of the factors of the intrinsic system would not be informative and therefore not appropriate.

Question 17:

In the scenario above, the mixing study demonstrates no correction of the prolonged PTT and a lupus anticoagulant assay demonstrates the presence of a lupus anticoagulant. You are asked to consult regarding the surgery the child has been recommended to undergo. What is the most appropriate recommendation:

A. Cancel the surgery as tonsillectomy is not indicated in this child.

B. The surgery can go forward so long as fresh frozen plasma and cryoprecipitate are given pre-operatively.

C. Postpone the surgery until the PTT is normal.(*)

D. The surgeon may proceed with the surgery as the child is not at risk for bleeding.

E. Evaluate the patient for systemic lupus erythematosus.

Explanation: This again is a typical scenario seen in the hematology clinic. This patient has a lupus anticoagulant and you must decide what to recommend. Cancelling the surgery is not appropriate as you are the hematology consultant and while you are also trained as a pediatrician, it is not your role to determine whether this child should have surgery or not. Furthermore, there is insufficient information in the vignette to adjudicate if the tonsillectomy is indicated or not even if it would be appropriate to provide that input. Most patients with a lupus anticoagulant in this scenario don’t have a bleeding diathesis and thus attempted correction with blood products is not indicated. Choices C and D are the most reasonable and represent somewhat of a dilemma, however, since one cannot be sure that this patient’s lupus anticoagulant won’t cause bleeding, the most prudent and appropriate course and thus the right answer is to postpone the surgery until the PTT is normal which generally occurs over 4-6 weeks. Of note, one syndrome associated with a lupus anticoagulant and bleeding is the lupus anticoagulant-hypoprothrombinemia syndrome. Such patients will have a prolonged PT and PTT as a result of the low prothrombin level. Lastly, an evaluation for lupus is not indicated in this otherwise healthy child. Most patients with a lupus anticoagulant don’t have lupus and most patients with lupus don’t have a lupus anticoagulant. This is an unfortunate misnomer that we are stuck with.
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1.
A 7-year-old girl requiring a tonsillectomy and adenoidectomy undergoes preoperative laboratory testing by her surgeon, which reveals a prolonged activated partial thromboplastin time (PTT) of 150 seconds (normal range 22–36 seconds). Her prothrombin time (PT) is normal. She had previously had two dental extractions that were uneventful. She otherwise has no personal or family history of bleeding. Which of the following is most likely?

A.
Factor VIII activity of 2%

B.
Factor IX activity of 2%

C.
Factor VII activity of 2%

D.
Factor XI activity of 2%

E.
Factor XII activity of 2%
2.
You were asked to consult on a newborn on day of life 2 because of excessive bleeding after circumcision. The PTT is prolonged, and the PT is normal. You order factor assays, and the results are as follows: factor VIII—8%, factor IX—12%, factor XI—15%, factor XII—6%. The most likely diagnosis is
A.
Factor VIII deficiency

B.
Factor IX deficiency

C.
Factor XI deficiency

D.
Factor XII deficiency

E.
All the factor levels are normal for age
3.
You are asked to consult on a newborn female with purpura fulminans. Upon taking the medical history, you learn that this child had a male sibling who died in the neonatal period after presenting with purpura fulminans. She has three other siblings who are healthy and did not have purpura fulminans. This child’s underlying condition leads to which physiologic consequence?

A.
Excess von Willebrand factor high-molecular-weight multimers

B.
Decreased fibrinogen

C.
Inability to inactivate factor VIII

D.
Decreased production of plasminogen

E.
Thrombocytopenia
4.
You are evaluating a 12-year-old girl who was admitted to the hospital for anemia (hemoglobin concentration of 85 gm/L) and who has had significant vaginal bleeding with the onset of menarche 3 weeks ago. Her family history includes several females who were diagnosed with von Willebrand disease (VWD). Which of the following tests are necessary to detect the presence of type 2A VWD?
A.
Von Willebrand factor (VWF) antigen concentration

B.
Ristocetin cofactor activity

C.
Factor VIII activity

D.
VWF multimer analysis

E.
Ristocetin-induced platelet aggregation with low-dose ristocetin
5.
A 12-year-old child with a deep vein thrombosis received a loading dose of warfarin of 0.2 mg/kg (8 mg) and then started on a dose of 0.1 mg/kg (4 mg) with a target INR of 2–3. The INR the next day was 2.1. When the patient returns to see you after 10 days, the INR is 1.4. This effect can be best explained by which of the following statements?

A.
The child had a change in a medication that affects warfarin metabolism 3 days after starting warfarin.

B.
Factors II, VII, and X have different half-lives.

C.
The child has a mutation in VKORC1, which increases sensitivity to the effects of warfarin.

D.
The child ate a meal with a high content of vitamin K.

E.
The child was on the generic version of warfarin rather than Coumadin.
6.
A 1-year-old male presents to the emergency room with irritability and vomiting, and a CT scan demonstrates a large intracranial parenchymal hemorrhage. The mother reports that his only other bleeding symptom was prolonged bleeding from the umbilical stump. The patient comes from a large pedigree with numerous male and female first- and second-degree relatives; however, there is no history of excessive bleeding in any of them. Which of the laboratory test patterns is most consistent with this history?

A.
Normal PT and PTT

B.
Prolonged PT, normal PTT

C.
Normal PT, prolonged PTT

D.
Prolonged PT, prolonged PTT
7.
A 2-year-old female develops a femoral artery thrombus following cardiac catheterization and is noted to have pallor of the lower half of the leg, which is cool to the touch. Her pulses in her foot are present but diminished. Her physician decides to treat the thrombus with tissue plasminogen activator (TPA). Her laboratory test prior to initiation of TPA demonstrate a PT of 10.2 seconds (normal 9.7–11.2 seconds) and a PTT of 31.3 seconds (normal 22–36 seconds), a fibrinogen of 2.75 g/L (normal 2–4 g/L), and a D-dimer of 2,450 ng/ml (normal < 500 ng/ml). After 6 hours of TPA, there is no improvement of the symptoms related to the thrombus. The laboratory tests are unchanged. Her dose is increased to what is considered to be the maximum dose of 0.5 mg/kg/hour. Again, 6 hours later, there is no clinical improvement and the laboratory tests are unchanged. What is the most reasonable next step in her management?
A.
Change the TPA infusion to urokinase.

B.
Change from TPA to unfractionated heparin.
C.
Give 10 cc/kg of fresh frozen plasma.

D.
Start aspirin.

E.
Perform a surgical thrombectomy.
8.
You are seeing a 12-year-old boy with easy bruising and recurrent epistaxis as a second opinion. He is active in a variety of sports, but his mother feels that his bruising is excessive. His pediatrician sent results of the following laboratory tests, all of which are normal: WBC, hemoglobin, platelet count, PT, and PTT. Another hematologist ordered the following, all of which had normal results: VWF Ag, ristocetin cofactor activity, factor VIII activity, factor XIII activity, and platelet aggregation studies. Which of the following physical exam findings would be most informative?

A.
Petechiae where the blood pressure cuff was placed

B.
Hypermobility of the finger joints
C.
Palpable bruises over the tibial surface

D.
A conjunctival hemorrhage

E.
Albinism
9.
A 10-day-old male is being seen in the emergency room because of lethargy and poor feeding. His anterior fontanel is full. A CT scan demonstrates an intraparenchymal hemorrhage. Coagulation tests are ordered with the following results: PT of 37 seconds (normal 9.7–11.2 seconds) and a PTT of 66 seconds (normal 22–36 seconds). This child may have which of the following factor deficiencies?

A.
Factor VII

B.
Factor VIII

C.
Factor IX

D.
Factor X

E.
Factor XI
10.
A 14-year-old female with osteomyelitis is receiving antibiotics at home via a percutaneously inserted central catheter (PICC line). She has developed an abscess despite antibiotic therapy and requires incision and drainage. The orthopedic surgeon orders a PT and PTT. The patient has never had any bleeding symptoms. She had two teeth extracted when she was 3 years old and a tonsillectomy and adenoidectomy at the age of 7 years, neither of which resulted in excessive bleeding. The PT is 16.2 seconds (normal 9.7–11.2 seconds) and the PTT is 61.3 seconds (normal 22–36 seconds). The most appropriate next step is to

A.
Order a fibrinogen level

B.
Order levels of factors II, V, and X

C.
Repeat the PT and PTT

D.
Determine the details regarding sample procurement

E.
Proceed with the procedure without further testing
11.
A 4-year-old male is in the intensive care unit and has been intubated and sedated. You are asked to consult because of the presence of numerous generalized petechiae and some large ecchymosis on the abdomen and trunk. Laboratory evaluation demonstrates a platelet count of 45 × 109/L, a PT of 15.4 seconds (normal 9.7–11.2 seconds), a PTT of 48 seconds (normal 22–36 seconds), and a fibrinogen level of 0.87 g/L (normal 2–4 g/L). Which of the following most likely led to these clinical findings?
A.
Immune thrombocytopenic purpura (ITP)

B.
Systemic lupus erythematosus (SLE)

C.
Congenital hypofibrinogenemia

D.
Acute promyelocytic leukemia

E.
Vitamin K deficiency
12.
For the child in the scenario in question 11, the most effective therapy to control his DIC is which of the following?

A.
Treatment of the acute promyelocytic leukemia

B.
Fresh frozen plasma

C.
Cryoprecipitate

D.
Platelet transfusion

E.
Exchange transfusion
13.
A 3-day-old infant is brought to the ER following a seizure. A CT scan demonstrates massive intracranial hemorrhage. On your examination, the child has numerous bruises on the abdomen and trunk. Which of the below scenarios is most likely?

A.
The baby was born to a diabetic mother.

B.
The baby was born at home.

C.
The baby is exclusively breast-fed.
D.
The baby has craniosynostosis.

E.
The baby had no prenatal care.
14.
A 15-year-old female with cystic fibrosis is going to undergo a partial pneumonectomy because of severe bronchiectasis. The surgeon orders preoperative coagulation testing, which demonstrates a PT of 17.2 seconds (normal 9.7–11.2 seconds) and a PTT of 36 seconds (normal 22–36 seconds). Because of the abnormality, she is given supplemental oral vitamin K of 5 mg once a day for 3 days over and above the ADEK vitamin she has already been taking. After the third dose, repeat testing demonstrates a PT of 16.9 seconds and a PTT of 37 seconds. You are asked to consult. What is the most appropriate next step?
A.
Increase the oral vitamin K dose and repeat the testing.

B.
Perform a mixing study on the PT.

C.
Give a parenteral dose of vitamin K and repeat the testing.

D.
Proceed with surgery and give a preoperative dose of recombinant factor VIIa.

E.
Proceed with surgery and give a preoperative dose of a prothrombin complex concentrate.
15.
A 5-year-old male presents with fulminant acute hepatic failure. He is noted to be bleeding from his gums and nose and has hematochezia. This patient’s bleeding is most likely due to which of the following combinations?

A.
Deficiency of fibrinogen and of factors VII and II

B.
Thrombocytopenia and factor XI deficiency

C.
Deficiency of factors VIII, IX, and XI
D.
Deficiency of factors V and VIII
E.
Low levels of von Willebrand factor and factor VIII
16.
An 8-year-old female with recurrent tonsillitis is referred for a tonsillectomy. Her surgeon orders preoperative laboratory tests, and the results demonstrate a PT of 10.2 seconds (normal 9.7–11.2 seconds) and a PTT of 58 seconds (normal 22–36 seconds). The most appropriate next test to order is

A.
A test of factor VIII activity
B.
A test of factor IX activity
C.
A test of factor XI activity
D.
A test of factor XII activity

E.
A mixing study
17.
In the scenario described in question 16, the mixing study demonstrates no correction of the prolonged PTT, and a lupus anticoagulant assay demonstrates the presence of a lupus anticoagulant. You are asked to consult regarding the surgery the child has been recommended to undergo. What is the most appropriate recommendation?

A.
The surgery should be canceled because tonsillectomy is not indicated in this child.
B.
The surgery can go forward so long as fresh frozen plasma and cryoprecipitate are given preoperatively.

C.
The surgery should be postponed until the PTT is normal.

D.
The surgeon may proceed with the surgery because the child is not at risk for bleeding.

E.
The patient should be evaluated for systemic lupus erythematosus.
18.
A 5-year-old boy contracts fulminant hepatitis A from contaminated vegetables. He is hospitalized in the intensive care unit with hepatic failure and hepato-renal syndrome necessitating dialysis. The intensive care physician is planning on placing a dialysis catheter and orders a PT and aPTT. The PT is 56 seconds (normal range 9–12 seconds) and the aPTT is 99 seconds (normal range is 22–33 seconds). Which combination of factor deficiencies is most likely in this scenario?

A.
Factors II, V, VIII, and X

B.
Factors II, VII, VIII, and IX

C.
Factors II, VII, IX, and X
D.
Factors VII, VIII, IX, and XI

E.
Factors VII, VIII, IX, and von Willebrand factor
19.
An 11-year-old boy with mild hemophilia is on vacation with his family in Zion National Park in southern Utah. While on a hike, he stumbles over a rock, and shortly thereafter he complains of pain in his right ankle. The trauma was fairly trivial. His family takes him to the regional medical center in St. George where he is noted to have significant ankle swelling. The mother tells the physician that her son has hemophilia A and her hematologist told her that such injuries require treatment with a factor VIII concentrate. The physician tells her they don’t have factor at this hospital and the nearest hospital that has it is in Salt Lake City, which is a 6-hour drive away. Which of the following is the best treatment option?
A.
The family should drive to Salt Lake City to receive factor.
B.
Aminocaproic acid

C.
Fresh frozen plasma

D.
Desmopressin
E.
A nonsteriodal anti-inflammatory drug
20.
A 2-year-old girl presents with prolonged oozing from her tongue after apparently biting it. Her platelet count is normal. Her PT is 68 seconds (normal range is 9–12 seconds), her aPTT is 123 seconds (normal range is 22–33 seconds) and her thrombin time is 58 seconds (normal range is 12–18 seconds). Which of the following tests should be ordered next?
A.
Factor XIII level

B.
Fibrinogen level
C.
Factor X level

D.
Ristocetin cofactor activity

E.
Prekallikrein level
21.
An 8-year-old girl is referred to you for a second opinion for evaluation of easy bruising and recurrent epistaxis. The patient has had these symptoms for at least 4 years and has not been previously evaluated. She recently switched pediatricians and the new pediatrician made the referral to a hematologist who did an extensive coagulation evaluation, including checking her platelet count, PT, aPTT, thrombin time, and factor XIII level and conducting von Willebrand disease testing, which was repeated once, and platelet aggregation studies. In addition, she had a laboratory evaluation for disorders of fibrinolysis, which was normal as well. Her mother has similar symptoms. Which of the following is most likely to lead to a diagnosis?
A.
PFA-100

B.
Repeating the von Willebrand disease testing one more time

C.
Lupus anticoagulant test

D.
Factor XI level

E.
Physical exam 
22.
A 3-year-old boy with nephrotic syndrome is admitted for an acute exacerbation of his proteinuria. His albumin is 0.7 on admission. He is treated with albumin infusions and he is started on prednisone. The second hospital day, he develops pain in his right leg and his right leg is swollen more than the left leg. A Doppler ultrasound reveals a femoral to iliac vein deep vein thrombosis. In addition to anticoagulation with an unfractionated or low molecular weight heparin, what else should be administered to this patient?

A.
Normal saline

B.
Antithrombin concentrate 
C.
Protein C concentrate

D.
Fresh frozen plasma

E.
Protein S concentrate
23.
A 13-year-old girl develops menorrhagia at the onset of menarche requiring several packed red blood cell transfusions. She also required a transfusion after a tonsillectomy and adenoidectomy when she was 5 years old, but it was never evaluated. She also has easy bruising and gingival bleeding daily when she brushes her teeth. She is referred to you by her pediatrician for an evaluation. There is a history of menorrhagia in the mother though she never required any transfusions. In addition, there is a history of epistaxis and postsurgical bleeding in the father. Her parents have normal aPTTs and the patient has an abnormal screening laboratory test. Which of the following is the most likely diagnosis?
A.
Factor VII deficiency
B.
Factor VIII deficiency

C.
Factor IX deficiency

D.
Factor XII deficiency

E.
Factor XIII deficiency

Blood Coagulation Overview and Acquired Hemorrhagic Disorders: Answers
Question 1 

Answer: E
Explanation: A prolonged PTT and normal PT means that there is either a deficiency of an intrinsic factor or the presence of a lupus anticoagulant. None of the choices offers the possibility of a lupus anticoagulant. With respect to the choices, clearly C cannot be correct because FVII deficiency would affect the PT and not the PTT. With respect to choices A and B, because deficiencies of factors VIII and IX are inherited in an X-linked recessive fashion, it would be highly unusual for a girl to have such low levels, although extreme lyonization of the X chromosome can occur. More important, this child has no personal history of bleeding, even with a previous hemostatic challenge, which makes such deficiencies highly unlikely. Though FXI deficiency does occur in females and bleeding symptoms are milder than for deficiencies of factors VIII and IX, it is still likely that with dental extractions, excessive bleeding would occur. Deficiency of FXII especially to this level would substantially prolong the PTT, yet it is not associated with any bleeding symptoms, so E is the correct answer.

Question 2 

Answer: A
Explanation: To evaluate for factor deficiencies in neonates, it is critical to know which factors are physiologically deficient and which are within the typical adult range. Most of the factors are physiologically deficient in neonates, particularly in the first week of life; however, factor VIII and von Willebrand factor are normally even higher in newborns than in normal adults, while factors IX and XI are normally lower. Factor XII is also lower in the newborn period; however, this deficiency does not cause bleeding. Therefore in this scenario, the correct diagnosis is factor VIII deficiency.

Question 3 

Answer: C
Explanation: The differential diagnosis of neonatal purpura fulminans includes disseminated intravascular coagulation (DIC) as well as deficiencies of protein C and, less likely, protein S. In this vignette, the child had an older sibling who presented in the same manner, and although DIC can occur with any newborn, this scenario suggests the presence of an autosomal recessive disorder. As such, the most likely diagnosis is protein C (or S) deficiency. The protein C/S complex is responsible for inactivating factors V and VIII, and thus the correct answer is C.

Question 4 

Answer: D
Explanation: Several types of VWD exist. Types 1 and 3 are due to a partial or complete deficiency of VWF, while the type 2 variants are due to specific functional defects in VWF. Although answers A, B, and C are important in the evaluation of type 2A VWD, they are not diagnostic, and determining the structure of the VWF multimers is the only way to reveal the diagnosis. In type 2A VWD, there is an absence of high- and medium-molecular-weight multimers (see figure below). The ristocetin-induced platelet aggregation assay with low-dose ristocetin is important for the diagnosis of type 2B VWD.
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Question 5 

Answer: B
Explanation: Warfarin is a vitamin K antagonist that interferes with gamma-carboxylation of the vitamin K–dependent proteins (factors II, VII, IX, and X and proteins C and S). To understand how to properly treat a child with warfarin, one must know the half-lives of the affected proteins. The half-life of factor VII is short (~5 hours or less in younger children), while that of the other three factors ranges from 12 hours to 24 hours. Following a warfarin loading dose (which incidentally is not recommended), the factor VII level can drop precipitously, leading to a rapid rise in the INR. The INR in this vignette measured the day after the dose of warfarin reflects only the effect on factor VII. After the maintenance dose has been started, it takes 5–7 days to reach the steady-state (and lower) level of factors with the longest half-life (factors II and X). Thus, the high early INR reflects only the loading dose’s effect on factor VII, while the subtherapeutic INR at day 10 reflects the balanced reduction of all the vitamin K–dependent clotting. Therefore, the correct answer is B. The vignette did not mention any other medications the child was taking. The presence of a VKORC1 mutation increasing the sensitivity to warfarin would not lead to a subtherapeutic INR at day 10, though it could lead to a supratherapeutic INR. A single meal with high vitamin K content would not have a prolonged effect on the INR. In fact, it takes very large quantities of ingested vitamin K to affect the INR and, with the exception of a vegan diet, diet is unlikely to influence the dose of warfarin. The generic form of warfarin is as effective as the branded variety, so even a change from Coumadin to warfarin would not result in such a change.

Question 6 

Answer: A
Explanation: This presentation is most consistent with factor XIII deficiency. The family history suggests a disorder inherited in an autosomal recessive pattern. The location of the two hemorrhages (intracranial and umbilical stump) are classic for factor XIII deficiency. Because factor XIII is not required to form the initial fibrin clot, which is what the endpoint of the PT and PTT assay are, both tests are normal in the presence of even severe factor XIII deficiency. Factor XIII activation results in the cross-linking of fibrin monomers, which can be assessed qualitatively in a clot solubility assay using either urea or acetic acid. Thus the correct answer is A.

Question 7 

Answer: C
Explanation: This child has an arterial thrombus of the leg following cardiac catheterization, and the decision is made to treat the thrombus with TPA. It is important to understand that TPA is an enzyme that cleaves plasminogen to plasmin and that plasmin is the effector protein that lyses the fibrin clot. In the absence of plasminogen, TPA has no effect. Following administration of TPA, one should look for a lytic effect, as evidenced by a decrease (often substantial) of the fibrinogen level along with a rise in the D-dimer. Absence of this effect on these laboratory tests should raise the concern that the patient does not have a sufficient amount of circulating plasminogen, and fresh frozen plasma should be administered. In this vignette, it would have been appropriate to do this even after the first set of laboratory tests showed no effect. The correct answer is therefore C. Merely changing from one fibrinolytic drug to another is not going to be effective. Although changing to heparin is not unreasonable, given this child’s symptoms and the initial decision to treat with TPA, switching to heparin would be less appropriate than giving fresh frozen plasma. Staring aspirin is not indicated because it will not help in dissolving the clot and is more effective at preventing arterial thrombosis than treating it. Surgical thrombectomy would be a very radical approach in this scenario and in a child so young.

Question 8 

Answer: B
Explanation: It is not unusual for a hematologist to have a patient referred with bleeding symptoms that are sufficient enough to warrant concern yet with completely negative results on a detailed laboratory evaluation. Although some of the laboratory testing often warrants repeating (particularly ristocetin cofactor levels), another consideration for such patients is the presence of a connective tissue disorder. This scenario suggests the possibility of a patient with Ehlers-Danlos syndrome, a primary collagen disorder in which patients have joint hypermobility, hyperelastic skin, and mucocutaneous bleeding symptoms. Thus, the correct answer to this question is B. Answers A, C, and D suggest the possibility of a bleeding disorder but would not be informative to the diagnosis. Answer E suggests the possibility of Hermansky-Pudlak syndrome, a disorder characterized by albinism and platelet dysfunction; however, in that disorder, platelet aggregation studies are abnormal.

Question 9 

Answer: D
Explanation: The PT and PTT are screening tests performed to evaluate most of the clotting factors (factor XIII is not evaluated by these assays). It is critical to understand which factors are affected by each assay to make the correct diagnosis rapidly, particularly in such a dire situation where treatment is warranted as soon as possible. In this scenario, both the PT and PTT are prolonged, which means that for a single factor deficiency, that factor would have to reside in the common pathway, which includes fibrinogen and factors II, V, and X. Therefore, the correct answer is D. Factor VII deficiency would not prolong the PTT, and deficiencies of factors VIII, IX, or XI would not prolong the PT.

Question 10 

Answer: D
Explanation: This question raises two critical points: first, the need for preoperative laboratory testing, and, second, the pitfalls of coagulation testing. With regard to the first point, one could conceivably conclude that this child doesn’t have a bleeding disorder on the basis of her negative history for bleeding, which in particular includes two significant hemostatic challenges. As such, it would be reasonable to proceed with this relatively minor procedure without any testing, and one would be tempted to answer E. However, given that the tests have already been performed and that it is also possible for children with bleeding disorders to not bleed excessively with dental extractions and even tonsillectomy and adenoidectomy, it would not be prudent to ignore the test results. Because she has a PICC line, it is possible, if not likely, that the lab tests were drawn from it, and results of coagulation testing from heparinized lines (whether they are central or peripheral lines) are not reliable. The most appropriate next step is therefore to determine whether the laboratory tests were drawn from the PICC line; the correct answer is thus D. Ordering factor levels or a fibrinogen level is premature, considering that the abnormalities may be artifactual. Repeating the PT and PTT seems reasonable; however, without knowing where the labs were drawn from (whether they were drawn from the PICC line the first time and then repeated from the same place), the results could be the same, which could “strengthen” the argument that she has a bleeding disorder and lead to unnecessary tests or even potentially harmful treatment.
Question 11 

Answer: D
Explanation: Although the data provided in this vignette are limited, it is clear that this is a very sick child, and a very sick child with the laboratory profile provided is strongly suggestive of the presence of disseminated intravascular coagulation (DIC). It is important to know the underlying causes of DIC in children, and from the answers provided, the most likely answer is D. Acute promyelocytic leukemia is notorious for causing DIC. Children with ITP generally are well-appearing and furthermore would not have abnormalities in coagulation testing unless they had a massive hemorrhage. As that information is not provided, one must assume that answer A refers to uncomplicated ITP. The same can be said for SLE, and of note, a 4-year-old male is not the typical demographic for SLE. Congenital hypofibrinogenemia should not cause a child to be this sick, nor should it lead to thrombocytopenia. Last, this is not the typical age for a child with vitamin K deficiency, and in that disorder, the platelet count is normal.

Question 12 
Answer: A
Explanation: The most important aspect of the management of DIC is treatment of the underlying disorder, and thus the correct answer is A. Although supportive care in the form of blood products may be indicated in certain situations (severe bleeding, thrombotic complications), none of these will control the DIC. Exchange transfusion will reverse the laboratory findings and perhaps help with bleeding or clotting symptoms, but it will not control the DIC either. Treatment of DIC requires treatment of the condition that led to the DIC in the first place.

Question 13 

Answer: B
Explanation: This is a classic presentation for vitamin-K-deficiency bleeding. The so-called classical presentation occurs between 2 and 7 days of age, and babies not infrequently present with intracranial hemorrhage. From the above choices, only B suggests that this is the diagnosis. Infants born at home are at highest risk for not receiving prophylactic vitamin K at birth. Infants of diabetic mothers are not at risk for bleeding complications, nor are children with craniosynostosis. Exclusively breast-fed infants are at risk for late-vitamin-K-deficiency bleeding, which generally occurs from 4 to 12 weeks of age, but they are not at risk for bleeding at this age. A baby with no prenatal care is not necessarily at higher risk for vitamin K deficiency than other babies.

Question 14 

Answer: C
Explanation: It is important to understand that vitamin K is a fat-soluble vitamin that can be malabsorbed in patients with fat-malabsorption disorders. In cystic fibrosis, pancreatic dysfunction leads to malabsorption of fat-soluble vitamins, and such patients have received ADEK (an oral fat-soluble supplement with vitamins A, D, E, and K). Despite this, however, patients with cystic fibrosis are at risk for vitamin K deficiency. In this scenario, the patient received a trial of oral vitamin K supplementation with no benefit. The dose this patient received was adequate, and increasing the dose is unlikely to have an effect. A mixing study is not likely to yield useful information because only the PT is prolonged. Lupus anticoagulants affect the PTT much more commonly than the PT, and in any case this clinical scenario is not suggestive of the presence of a lupus anticoagulant. Giving recombinant factor VIIa or prothrombin complex concentrate is likely to correct the abnormality, but these are very expensive medications that carry with them the risk for thrombosis; therefore, giving them in the absence of a diagnosis is not appropriate. Repeating the vitamin K challenge with a parenteral dose of vitamin K could be both diagnostic and therapeutic. If the repeat testing is normal, then the diagnosis of vitamin K deficiency is confirmed, and in fact the patient has been treated. If the repeat testing is abnormal, then more tests are indicated. Of note, if such a patient were not to proceed immediately to surgery (e.g., if surgery were to be weeks later), then repeating the PT and PTT would be important because an additional dose of parenteral vitamin K might be needed.
Question 15 

Answer: A
Explanation: Liver failure results in severe derangements in the coagulation system, and although most of the clotting factors are synthesized in the liver, a number of clotting factors have extrahepatic synthesis, either wholly or at least in part. Fibrinogen and factors VII and II are exclusively made in the liver, and thus A is the correct answer. Although low platelets are not unusual in patients with liver failure, it is also possible for the platelets to be normal or even elevated as an acute phase reactant. Although factor XI is made in the liver, a combination of thrombocytopenia and FXI deficiency is not as likely in this scenario as answer A. Although FVIII is also made in the liver, it is also synthesized in extrahepatic sites, and importantly and probably because of its being an acute phase reactant, FVIII is often seen with elevated levels in acute hepatic failure, sometimes significantly. This makes answers C, D, and E incorrect. Regarding answer D, factor V is also synthesized in megakaryocytes and is delivered to the site of bleeding by platelets. Regarding answer E, von Willebrand factor is synthesized in endothelial cells and megakaryocytes, and its production is unaffected by liver disease. Because it is also an acute phase reactant, its levels are often elevated in acute hepatitis, and this is also a reason for an elevated factor VIII in liver disease.

Question 16
Answer: E
Explanation: This scenario is typical for the presence of lupus anticoagulant in a child, and therefore a mixing study is the most appropriate next test to order. With no further history, ordering just one of the factors of the intrinsic system would not be informative and therefore would not be appropriate.
Question 17 

Answer: C
Explanation: This again is a typical scenario seen in the hematology clinic. This patient has a lupus anticoagulant, and you must decide what to recommend. Canceling the surgery is not appropriate because you are the hematology consultant, and although you are also trained as a pediatrician, it is not your role to determine whether this child should have surgery. Furthermore, there is insufficient information in the vignette to decide whether the tonsillectomy is indicated, even if it would be appropriate to provide that input. Most patients with a lupus anticoagulant in this scenario don’t have a bleeding diathesis, and thus attempted correction with blood products is not indicated. Answers C and D are the most reasonable but present somewhat of a dilemma. Because one cannot be sure that this patient’s lupus anticoagulant will not cause bleeding, the most prudent and appropriate course is to postpone the surgery until the PTT is normal, which generally occurs over 4–6 weeks. Of note, one syndrome associated with a lupus anticoagulant and bleeding is the lupus anticoagulant-hypoprothrombinemia syndrome. Such patients will have a prolonged PT and PTT as a result of the low prothrombin level. Last, an evaluation for lupus is not indicated in this otherwise healthy child. Most patients with a lupus anticoagulant do not have lupus, and most patients with lupus do not have a lupus anticoagulant. This is an unfortunate misnomer that we are stuck with.
Question 18
Answer: C

Explanation: It is important to know the sites of synthesis of all of the clotting factors particularly in cases of organ failure so that the correct tests and best therapy (if necessary) can be ordered. The majority of the clotting factors are made exclusively in the liver, however factor V is also made in megakaryocytes and factor VIII and von Willebrand factor are also made in endothelial cells making answers A, B, D, and E incorrect. In cases of liver failure, factors II, VII, IX, and X (along with fibrinogen) would be the most affected.

Question 19
Answer: D

Explanation: This patient is most likely suffering from an acute trauma-related ankle hemarthrosis. The management of such a patient must include increasing the factor VIII level as quickly as possible. Among the options above, only A, C, and D will increase the factor VIII level and only C and D can do so quickly. The best option for this patient would be to administer a dose of desmopressin. Most patients with mild hemophilia will have a significant and rapid rise in their factor VIII level following either an intravenous infusion or an intranasal dose. Fresh frozen plasma contains 1 IU/ml of factor VIII and a 10-ml/kg infusion would increase the factor VIII level by about 10%. Nevertheless, fresh frozen plasma is no longer used to treat factor VIII deficiency. Because this hospital has a blood bank, presumably they also have cryoprecipitate, which would be a much better option for treating factor VIII deficiency because cryoprecipitate has a substantially higher concentration of factor VIII than plasma thus making choice C incorrect. Aminocaproic acid is a useful adjunctive therapy in hemophilia but is not considered effective for managing hemarthrosis. A nonsteroidal anti-inflammatory agent would generally be contraindicated in this setting where there is concern for hemarthrosis. Celecoxib could be used because it doesn’t affect platelet function, however, it would not be the best treatment option regardless.

Question 20
Answer: B

Explanation: Although infrequently ordered, the thrombin time is still available and essentially is a test that assesses the presence and function of fibrinogen. As its name implies, one adds thrombin to a plasma sample which then takes a short time to clot in the presence of a normal amount of and function of fibrinogen. Therefore the correct answer is B. All the other choices would not result in a prolonged thrombin time. Factor XIII is not required for a normal result in any of the coagulation screening assays. Factor X is required for normal clotting in the PT and aPTT but not the thrombin time. Ristocetin cofactor activity is assessing the platelet binding function of von Willebrand factor. Prekallikrein is a contact-activating factor required for a normal aPTT but not a normal PT or thrombin time. Of note, most laboratories perform a functional fibrinogen assay thus making the thrombin time unnecessary for the evaluation of afibrinogenemia (it is simpler to just order a fibrinogen level), however, it is still an important screening test for dysfibrinogenemia, a condition (usually inherited) that can lead to either excessive bleeding or thrombosis depending on the mutation in the fibrinogen gene.

Question 21
Answer: E

Explanation: In this vignette, this patient with long-standing bleeding symptoms presents to you for a second opinion after another pediatric hematologist couldn’t elicit the diagnosis. The laboratory evaluation as is stated rules out essentially all identifiable abnormalities in coagulation factors and platelets. In such a scenario, especially with a family history of similar symptoms, one must entertain the possibility of a connective tissue disorder such as Ehler-Danlos syndrome, the most common variety of these disorders. It can be easily diagnosed by a careful physical examination looking for hyperextensibility of the joints and tenting of the skin.

Question 22
Answer: B

Explanation: In nephrotic syndrome, proteins are lost from the urine. One of the proteins that is lost is antithrombin (in part due to its similar size and charge to albumin). This results in an acquired deficiency of antithrombin leading to an increased risk for thrombosis. When managing a deep vein thrombosis in such a patient, it is important to recognize that unfractionated and low-molecular-weight heparin (and fondaparinux) are antithrombin-dependent anticoagulants, and in a scenario where the antithrombin level is likely to be very low, administering antithrombin in the form of a concentrate will be essential to achieve therapeutic anticoagulation. Normal saline has no role in this vignette. Protein C and S are not lost (at least not nearly to the extent of antithrombin) in nephrotic syndrome. Fresh frozen plasma will provide a small amount of antithrombin (1 IU/ml), but this will likely be insufficient to correct the deficiency, will add to the fluid overload the patient may be experiencing, and the preferred therapy in this scenario is the antithrombin concentrate.

Question 23

Answer: A

Explanation: Clearly, there is an inherited bleeding disorder in this family and it affects both parents. Given that the parents have normal aPTTs, it strongly suggests that the father does not have hemophilia (deficiency of factor VIII or IX). Furthermore, the bleeding and inheritance pattern suggests an autosomal recessive disorder. That makes B and C incorrect. Factor XII deficiency doesn’t cause bleeding symptoms, making D incorrect. The presence of an abnormal screening test makes factor XIII deficiency very unlikely. Thus, this patient has factor VII deficiency. This disorder can be symptomatic in the heterozygous state (as in the parents) and is more severe in the homozygous state, which can be presumed to be the case for this patient given her more severe bleeding history. It is important to note that factor VII deficiency can result in all manner of bleeding; however, in the heterozygous state factor VII deficiency will generally only cause mucocutaneous and postsurgical bleeding, whereas the homozygous or compound heterozygous state could result in more severe bleeding, including joint and muscle bleeding as well as rarely intracranial hemorrhage in addition to the mucocutaneous bleeding.

