
A 16-year-old boy is brought to the office for pain and limited motion of the right knee. The patient has had 

previous episodes of sudden swelling in his right knee and does not recall them being associated with 

injury. This current episode of knee pain began 6 months ago. Initially the pain was controlled with heating 

pads and acetaminophen, but it has gradually worsened over the last 2-3 months. The patient now has 

difficulty walking. He is worried that he will be unable to go on his annual camping trip with his family. The 

patient had an episode of prolonged bleeding after a tooth extraction several years ago. He is sexually 

active, has 2 lifetime partners, and uses condoms intermittently. Temperature is 36. 7 C (98 F). On 

examination, the patient is alert and in no distress. The right knee is swollen and boggy with a small 

effusion present. The knee is not fully extendable with either active or passive motion. Which of the 

following is the most likely cause of this patient's knee joint findings? 

O A. Autoimmune cartilage destruction (6%) 

O B.Avascular necrosis (2%) 

O C.Chronic Borrelia burgdorferi infection (6%) 

O D.Disseminated gonococcal infection (18%) 

✓O E. Hemosiderin deposition and fibrosis (62%) 

O F. lntraarticular crystal deposition (2%) 

Omitted 
Correct answer 

I I, I 62% 
L!!!!. Answered correctly 
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Explanation 
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Hemophilia A & B 

Inheritance • X-linked recessive 

• Delayed/prolonged bleeding after mild trauma 

Clinical 
o Hemarthrosis, intramuscular hematomas 

• 

features 
o Gastrointestinal or genitourinary tract bleeding 

o lntracranial hemorrhage 

• Complications: hemophilic arthropathy 

• i Activated PTT 

Laboratory • Normal platelet count & PT 
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findings • Absent or l factor VIII (hemophilia A) or factor IX 

(hemophilia B) activity 

Treatment 
• Factor replacement 

• Desmopressin for mild hemophilia A 

This patient's history of excessive bleeding after a dental procedure is concerning for hemophilia, an X

linked recessive bleeding disorder caused by deficiency of Factor VIII (hemophilia A) or Factor IX 

(hemophilia B). Disease severity varies based on degree of factor activity. Often, patients present with 

joint pain and swelling following little or no trauma due to spontaneous bleeding into a joint (hemarthrosis). 

Recurrent hemarthroses, as seen in this patient, can result in long-term complications such as 

hemophilic arthropathy. 

Hemophilic arthropathy refers to joint damage caused by intra-articular bleeding. Hemosiderin deposition 

within the joint triggers synovial inflammation, which leads to fibrosis and destruction of cartilage and 

bone. Chronic, worsening joint pain and swelling are accompanied by limited mobility on examination. 

Although severe hemophilic arthropathy may be visible on x-ray, MRI allows for earlier detection and 

characterization of the degree of joint damage. Early prophylaxis with factor concentrates can 

significantly reduce the risk of developing arthropathy. 

(Choice A) Autoimmmune cartilage destruction occurs in conditions such as rheumatoid arthritis. Although 

inflammatory arthritis may cause joint pain and swelling, it would not explain the patient's bleeding 

symptoms. 

(Choice B) Avascular necrosis of the femoral head is seen in sickle cell disease (SCD) and Legg-Calve

Perthes disease (LCP). LCP typically presents with hip pain and limp in children age 4-12. SCD can 

cause recurrent vaso-occlusive episodes affecting the joints but is not associated with excessive bleeding. 

(Choice C) Lyme arthritis is caused by Borrelia burgdorferi infection and can present with large joint (eg, 

knee) swelling and limited range of motion. However, Lyme arthritis does not account for this patient's 

bleeding. 

(Choice D) Disseminated gonococcal infection can lead to acute arthritis, which presents with abrupt 

onset of joint pain and swelling. Infection is unlikely in this patient with 6 months of symptoms. 

(Choice F) Urate and calcium pyrophosphate deposition cause gout and pseudogout, respectively. Both 

conditions are uncommon in children and not associated with abnormal bleeding. 

Educational objective: 

Hemophilic arthropathy is a consequence of recurrent hemarthroses and is associated with hemosiderin 

deposition leading to synovitis and fibrosis within the joint. The risk of hemophilic arthropathy is reduced by 

prophylactic treatment with factor concentrates. 

References 

• Pathophysiology of hemophilic arthropathy and potential targets for therapy. 

• Pathophysiology of hemophilic arthropathy. 
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A 56-year-old man comes to the office due to pain, redness, and swelling in his right arm. The patient was 

recently diagnosed with unresectable lung cancer. He received the first cycle of chemotherapy 2 weeks 

ago through a right-sided peripherally inserted central catheter {PICC). Temperature is 36.9 C (98.4 F), 

blood pressure is 130/80 mm Hg, pulse is 78/min, and respirations are 14/min. Oxygen saturation is 

normal. Examination shows right arm swelling and mild erythema. Capillary refill is normal. No discharge 

is seen around the PICC line. The remainder of the examination is normal. Which of the following is the 

most appropriate next step in management? 

Q A. Chest MRI (4%) 

✓O B. Duplex ultrasonography (60%) 

O C.Echocardiography (0%) 

O D.Empiric antibiotics (10%) 

O E. Warm compresses and NSAIDs (24%) 

Omitted 
Correct answer 

B 

Explanation 

I 1,1 60% 
L!!!!. Answered correctly 
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Upper extremity deep venous thrombosis 

• Central catheter or PICC line 

Epidemiology • Young, athletic males (spontaneous) 

• Thoracic outlet obstruction 

• Unilateral arm or forearm edema 

Manifestations 
• Pain/heavy sensation 

• Erythema 
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• Dilated subcutaneous collateral veins 

Diagnosis • Doppler or duplex ultrasonography 

Treatment • 3 months of anticoagulation 

PICC = peripherally inserted central catheter. 

This patient's arm swelling, pain, and mild erythema developed in the setting of a peripherally inserted 

central catheter {PICC), raising strong suspicion for upper extremity deep venous thrombosis (DVT}. 

All upper extremity central catheters (eg, internal jugular, subclavian) are associated with increased risk of 

DVT due to endothelial trauma during insertion and improper positioning of the catheter tip; the risk of DVT 

is somewhat higher with PICCs because they travel long distances through narrow peripheral veins (often 

occupying >50% of total vein caliber). Hospitalized patients, particularly those with a hypercoagulable state 

(eg, malignancy), are most likely to develop PICC-related DVT. 

Upper extremity DVT is most common within 7-14 days of PICC insertion. The primary manifestation is 

arm or forearm swelling. Pain and mild erythema may also occur. In contrast to PICC infection, patients 

with DVT usually have a normal appearing catheter insertion site (eg, no purulence). The diagnosis is 

made with compression or duplex ultrasonography, which visualizes the subclavian, axillary, and 

brachiocephalic veins. Although upper extremity DVT is associated with a relatively low risk of pulmonary 

embolism {~6%), treatment with 3 months of anticoagulation is recommended. The PICC line can often 

remain in place. 

(Choice A) Chest MRI can be used to diagnose superior vena cava (SVC) syndrome, which is often 

caused by lung malignancy. The SVC is not well visualized with ultrasound, although indirect findings (eg, 

waveforms) can suggest SVC occlusion. Although SVC syndrome is associated with increased risk of DVT, 

patients usually have dyspnea, chest pain, and/or face or neck swelling. 

(Choice C) Echocardiography is used to evaluate for structural defects of the heart. It is not routinely used 

in the evaluation of upper extremity DVT. Although PICC lines can be associated with bacteremia and 

resultant endocarditis, this diagnosis is unlikely in a patient who is afebrile and does not have a murmur. 

(Choice D) This patient with no fever or catheter site purulence is less likely to have infection. He should 

undergo duplex ultrasound to evaluate for DVT prior to consideration of empiric antibiotics for cellulitis. 

(Choice E) Superficial phlebitis can be treated with warm compresses and NSAIDs. It is generally caused 

by peripheral, not central, venous access and marked by redness along the peripheral vein. Arm swelling 

in the setting of PICC is far more likely to indicate DVT. 

Educational objective: 

Peripherally inserted central catheters increase the risk of upper extremity deep venous thrombosis. The 

risk is greatest in hospitalized patients, particularly those with malignancy or other hypercoagulable state. 

Manifestations include arm swelling, erythema, and pain. The diagnosis is made with duplex 

ultrasonography. Treatment with 3 months of anticoagulation is required. 
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A 69-year-old woman comes to the emergency department due to increasing abdominal pain for the past 

several hours that is worsened by cough or movement. She has had no nausea, vomiting, or diarrhea. For 

the past 2 days, the patient has had cough and wheezing due to an asthma exacerbation, for which she 

has been taking an oral glucocorticoid and using inhaled bronchodilators. Other medical conditions include 

hypertension and atrial fibrillation, for which she takes lisinopril, diltiazem, and apixaban. Surgical history 

includes abdominal hysterectomy 15 years ago. Temperature is 37 C (98.6 F), blood pressure is 110/60 

mm Hg, pulse is 92/min, and respirations are 16/min. BMI is 29 kg/m2 • There is mild expiratory wheezing 

bilaterally. Heart sounds are normal. Abdominal examination reveals localized fullness with tenderness 

and guarding just lateral to the umbilicus on the left side. Bowel sounds are normal in all quadrants. 

Leukocyte count is 12,000/mm 3 and hemoglobin is 10.8 g/dL. Which of the following is the most likely 

underlying cause of this patient's abdominal symptoms? 

O A. Diverticular abscess (11%) 

0 B. Ovarian torsion (6%) 

✓O C.Rectus sheath hematoma (26%) 

0 D.Sigmoid volvulus (8%) 

O E.Strangulated paraumbilical hernia (47%) 

Omitted 
Correct answer 

C 

I I, I 26% 
L!!!!. Answered correctly 
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Rectus sheath hematoma 
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• Abdominal trauma, forceful abdominal contractions (eg, coughing) 

Risk factors • Anticoagulation 

• Older age, female sex 

Clinical 
• Acute-onset abdominal pain with palpable abdominal mass 

features 
• Blood loss anemia, leukocytosis 

• + Nausea, vomiting, fever 

• Hemodynamically stable: serial monitoring of CBC, reverse anticoagulation and 

Management transfuse blood products when appropriate 

• Unstable: angiography with embolization, surgical ligation 

CBC = complete blood count. 

This patient taking apixaban developed acute abdominal pain associated with a palpable abdominal mass 

and anemia, suggesting the development of a rectus sheath hematoma (RSH). 

RSH typically occurs due to rupture of the inferior epigastric artery, which supplies blood to the lower 

aspect of the rectus abdominis muscle. The rectus sheath, which contains this muscle, does not extend 

posteriorly below the arcuate line; therefore, bleeding below this line (eg, lower aspect of rectus abdominis 

muscle) is relatively uncontained and can result in significant hemorrhage with hematoma formation. RSH 

is often seen with blunt trauma or forceful abdominal contractions (eg, severe coughing in asthma 

exacerbation), particularly in patients receiving anticoagulation therapy. Other risk factors include older 

age and female sex. 

Manifestations include acute abdominal pain, often associated with rebound or guarding, and a palpable 

abdominal wall mass. Tenderness may worsen with abdominal contraction (Carnett sign). Nausea, 

vomiting, and fever may also occur. Laboratory findings usually include anemia and leukocytosis (likely 

due to inflammation). Abdominal CT confirms the diagnosis. Hemodynamically stable patients are usually 

managed conservatively (eg, serial monitoring of CBC, reversal of anticoagulation when appropriate); 

however, those with significant bleeding or hemodynamic instability (eg, shock) may require angiography 

with embolization or surgery. 

(Choice A) Diverticular abscess also causes leukocytosis and abdominal pain and may cause a palpable 

abdominal mass. However, fever and nausea/vomiting usually precede the development of the abscess. 

The onset is generally less acute, and anemia is unexpected. 

(Choice B) Ovarian torsion is associated with pain and a palpable mass; however, it causes severe pelvic 

(rather than periumbilical) pain and an adnexal mass. In addition, it would not cause anemia and is more 

common in women in their 20s and 30s. 

(Choice D) Sigmoid volvulus presents with abdominal pain and vomiting. However, onset is typically 

insidious (days) and is associated with severe, diffuse, abdominal pain and tympany on examination. 

Blood counts are usually normal unless perforation has occurred. 

(Choice E) Although paraumbilical hernias can occur after abdominal surgery and may cause a painful 

abdominal mass (particularly if strangulation occurs), patients typically have a history of a palpable bulge 

that enlarges with increased intraabdominal pressure (eg, coughing). Furthermore, anemia is unexpected. 

Educational objective: 

Rectus sheath hematomas are characterized by acute abdominal pain with a palpable abdominal wall 

mass, often associated with anemia and leukocytosis. They usually occur due to rupture of the inferior 

epigastric artery from blunt trauma or forceful abdominal contractions (eg, severe coughing), particularly in 

those receiving anticoagulation therapy. 

References 

• Rectus sheath hematoma: a review of the literature. 
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A 3-day-old boy is brought to the emergency department due to bruising. The patient was born at 39 

weeks gestation via vaginal delivery at home, and this is his first medical evaluation. He is breastfed 

exclusively. Vital signs are within normal limits. Several ecchymoses are visible on the extremities. 

Physical examination is otherwise unremarkable. Laboratory results are as follows: 

Platelets 

PT 

270,000/mm 3 

26 sec 

Activated PTT 42 sec 

Thrombin time 18 sec (normal: 15-20) 

Which of the following is the most likely cause of this patient's condition? 

O A. Absent fibrinogen production (3%) 

O B. Coagulation factor consumption (3%) 

O C.Decreased von Willebrand factor synthesis (5%) 

O D.Deficient factor VIII production (8%) 

O E. Impaired platelet function (3%) 

✓O F. Reduced coagulation factor carboxylation (75%) 

Omitted 
Correct answer 

F 

Explanation 

I I, I ?So/o 
L!!!!. Answered correctly 
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Infantile vitamin K-deficient bleeding 
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• Low vitamin K stores (poor placental transfer, sterile gut, low 

Pathophysiology content in breast milk} 

• Inefficient vitamin K use by immature liver 

• Classically presents on day 2-7 of life* 

Clinical features 
• Easy bruising 

• Umbilical, mucosa! & gastrointestinal bleeding 

• lntracranial hemorrhage 

• i PT 

Laboratory findings • i PTT (if severe) 

• Normal platelet count 

Prevention • Intramuscular vitamin Kat birth 

*Can occur up to age 6 months. 

This neonate who has not received prior medical care has bruising and prolonged PT and PTT, findings 

concerning for vitamin K-deficient bleeding (VKDB). 

Vitamin K is essential for enzymatic carboxylation and activation of coagulation factors II (prothrombin), VII, 

IX, and X. Newborns are vitamin K deficient due to poor placental transfer, lack of intestinal flora to 

synthesize vitamin K, and immature liver function (ie, poor vitamin K utilization). Therefore, intramuscular 

vitamin K is given at birth to prevent spontaneous bleeding. Neonates who do not receive this 

injection, such as this patient, are at highest risk of VKDB, particularly if exclusively breastfed because 

breast milk contains insufficient vitamin K. 

Classic VKDB presents on day 2-7 of life with easy bruising, mucosal bleeding (eg, epistaxis), 

gastrointestinal hemorrhage, and/or intracranial hemorrhage. Late-onset disease can occur up to age 

6 months. Because of reduced coagulation factor carboxylation, laboratory evaluation shows prolonged 

PT and, in severe deficiency, prolonged PTT. The diagnosis is confirmed by the reversal of laboratory 

abnormalities with vitamin K administration. 

(Choice A) Afibrinogenemia is a rare, autosomal recessive bleeding disorder characterized by absent 

fibrinogen production. Severe bleeding classically develops at the site of the umbilical cord after birth. Like 

PT and PTT, thrombin time is prolonged. 

(Choice B) Disseminated intravascular coagulation typically presents with bleeding (eg, bruising, 

intravenous site oozing) due to consumption of platelets and clotting factors. Laboratory findings include 

prolonged PT and PTT and thrombocytopenia. This patient's platelet count is normal. 

(Choices C and D) Severe von Willebrand disease (characterized by impaired synthesis of von Willebrand 

factor) and factor VIII deficiency (hemophilia A) can present with easy bruising and bleeding in the neonatal 

period. Both conditions have a prolonged PTT but normal PT. 

(Choice E) Impaired platelet function can be caused by medications (eg, aspirin), metabolic conditions 

(eg, uremia, liver disease), or congenital disorders (eg, Glanzmann thrombasthenia). Patients have 

mucocutaneous bleeding and petechiae; PT, PTT, and platelet count are normal. 

Educational objective: 

Vitamin K-deficient bleeding classically presents with bleeding in newborns (day 2-7 of life) who did not 

receive intramuscular vitamin K, which is essential in the enzymatic carboxylation and activation of 

coagulation factors II (prothrombin), VII, IX, and X. Symptoms include easy bruising, mucosa! bleeding, 

gastrointestinal bleeding, and/or intracranial hemorrhage; laboratory evaluation reveals prolonged PT with 

or without prolonged PTT. 

References 

• Prevention of vitamin K deficiency bleeding in newborn infants: a position paper by the ESPGHAN 

committee on nutrition. 

• Vitamin K prophylaxis for prevention of vitamin K deficiency bleeding: a systemic review. 

Pediatrics 

Subject 

Hematology & Oncology 

System 

Vitamin k deficiency 

Topic 

MedicalBooksVN.com 



A 35-year-old woman with no past medical history is hospitalized with severe shortness of breath. She also 

has swelling and tenderness of her right calf. CT angiogram of the chest shows pulmonary embolism. 

Compression ultrasonography is consistent with right femoral vein thrombosis. The patient is started on 

anticoagulation therapy. On the sixth day of hospitalization, she develops right arm pain. Physical 

examination shows a cold right upper extremity with no palpable peripheral pulse. Laboratory results are 

as follows: 

Hematocrit 

Leukocytes 

42% 

8,500/µL 

Platelets 
76,000/µL (246,000/µL at 

presentation) 

Prothrombin time 

Activated partial thromboplastin 

time (aPTT} 

13 sec 

63 sec 

Which of the following drugs was most likely used to treat this patient's deep venous thrombosis? 

0 A. Enoxaparin (5%) 

0 B. Fondaparinux (2%) 

0 C.Rivaroxaban (3%) 

✓O D.Unfractionated heparin (81%) 

0 E. Warfarin (6%) 

Omitted 
Correct answer 

I 1,1 81% 
L!!!!. Answered correctly 

D 

Explanation 
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This patient's markedly elevated aPTT is suggestive of unfractionated heparin use. The presentation of 

new-onset thrombocytopenia and arterial thrombosis in the setting of heparin use is due to heparin-induced 

thrombocytopenia (HIT}. The 2 forms of HIT differ in onset, clinical course, and severity of disease. 

Type 1 HIT occurs due to a nonimmune direct effect of heparin on platelet activation and usually presents 

within the first 2 days of heparin exposure. The platelet count then normalizes with continued heparin 

therapy and there are no clinical consequences. 

Type 2 HIT is a more serious immune-mediated disorder due to antibodies to platelet factor 4 (PF4) 

complexed with heparin. This leads to platelet aggregation, thrombocytopenia, and thrombosis (both 

arterial and venous). Platelet counts usually drop >50% from baseline, with a nadir of 30,000-60,000/µL. 

Type 2 HIT usually presents 5-10 days after the initiation of heparin therapy and may lead to life

threatening consequences (eg, limb ischemia, stroke). 

(Choice A) Enoxaparin typically does not prolong the activated partial thromboplastin time (it may in rare 

cases cause mild prolongation). However, the risk of HIT is lower with enoxaparin than with unfractionated 

heparin therapy. 

(Choices Band C) The risk of developing HIT is negligible with factor X-a inhibitors such as fondaparinux 

and rivaroxaban. 

(Choice E) Oral warfarin is typically co-administered with intravenous unfractionated heparin (or low

molecular-weight heparin) in the initial treatment of venous thromboembolism. It is not used alone due to 

initial hypercoagulable state from transient protein C depletion and risk of thrombosis and skin necrosis. 

Warfarin typically causes prothrombin time prolongation (normal in this patient) and does not affect platelet 

count. 

Educational objective: 

Heparin-induced thrombocytopenia should be suspected in patients receiving heparin anticoagulation who 

have thrombocytopenia, thrombosis (arterial or venous), or a >50% drop in the platelet count from baseline 

5-10 days after the initiation of treatment. 

References 

• Heparin-induced thrombocytopenia. 
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A 68-year-old man is brought to the emergency department with 2 days of bright red blood per rectum. He 

complains of feeling dizzy and extremely fatigued. Six months ago, he had a diverticular bleed that 

required hospitalization. The patient has moderate chronic obstructive pulmonary disease (COPD) and 

uses his inhalers regularly. Three weeks ago, he was hospitalized for a COPD exacerbation and was also 

found to have a right femoral and popliteal vein thrombosis; he was discharged on warfarin. His mobility is 

significantly impaired by right hip osteoarthritis and back pain. Blood pressure is 80/60 mm Hg and pulse is 

115/min and regular. Mucous membranes are pale. The abdomen is soft and nontender. There is swelling 

of the right ankle and calf. Laboratory results are as follows: 

Complete blood count 

Hemoglobin 7.2 g/dL 

Platelets 380,000/mm' 

Serum chemistry 

Creatinine 1.2 mg/dL 

Coagulation studies 

INR 
2.2 (normal, 

0.8-1.1) 

Warfarin is stopped. He is volume resuscitated and given a blood transfusion and fresh frozen plasma. 

Lower endoscopy reveals a diverticular bleed. Which of the following is the best management for this 

patient's deep venous thrombosis? 

O A. Initiate low-molecular-weight heparin (6%) 

O B. Initiate rivaroxaban (6%) 

O C. Initiate unfractionated heparin (3%) 

O D.lnitiate warfarin with goal INR of 1-1.5 (1%) 

✓Q E. Place a retrievable inferior vena cava filter (77%) 

O F. Place compression stockings (3%) 

O G.Symptomatic treatment only (1%) 

Omitted 
Correct answer 

I 1,1 77% 
l!!!!. Answered correctly 

E 

Explanation 
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Treatment of deep venous thrombosis 

Proximal {eg, popliteallfemoral) 
lower extremity DVT 

• Pulmonary embolism with hemodynamic 
instability Yes Contraindications to 

OR thrombolytics? 
• 
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Massive proximal (eg, extensive 
iliofemoral) DVT with severe swelling or Yey-' ~o 
limb-threatening ischemia 

Consider: Thrombolytic 
• Mechanical therapy 

No thrombectomy 
• Iliac stenting 
• Surgical 

Contraindications to thrombectomy 

anticoagulation? 

Ye/ No No improvement 

IVC filter Anticoagulation 

Failure of anticoagulation 
or recurrence of DVT 

OVT = deep venous thrombosis; IVC = Inferior vena cava. 

©UWor1d 

This patient with a life-threatening bleeding episode (ie, hypotension, tachycardia, significant anemia) also 

has a proximal deep venous thrombosis (DVT) with a high risk of embolizing to the lungs and causing a 

pulmonary embolus (PE). Patients with a DVT/PE who have a contraindication to or complication from 

anticoagulation (eg, significant active bleeding, recent surgery, acute hemorrhagic stroke) should have an 

inferior vena cava (IVC) filter placed. Another indication for IVC filter placement includes if 

anticoagulation fails (eg, the patient develops a new or recurrent proximal DVT while on therapeutic 

anticoagulation). 

IVC filters are placed via a transvenous approach and inhibit large thrombi in the lower extremities from 

embolizing to the lungs. Generally, it is preferable to place a retrievable filter and remove it after the patient 

has stabilized and the filter is no longer necessary. Short-term complications of IVC filters include bleeding, 

infection, and thrombus at the puncture site. Long-term complications include filter migration or erosion 

into surrounding structures and recurrent thrombus (including one that extends into the IVC and surrounds 

the filter). 

(Choices A, B, C, and D) For patients with a DVT/PE and on warfarin, the warfarin dose is typically 

adjusted to achieve a therapeutic INR value between 2 and 3. In this patient with a life-threatening 

gastrointestinal bleed (with a therapeutic INR and a normal platelet count), therapeutic anticoagulation (ie, 

warfarin, heparins, rivaroxaban) is contraindicated. 

(Choice F) Compression stockings are used for postthrombotic syndrome, which can lead to pain, 

swelling, and venous ulcers from chronic venous insufficiency following a DVT. However, they are not 

effective in preventing DVT. 

(Choice G) Treating only the symptoms would be incorrect as the patient has a large, proximal DVT, which 

is at high risk for embolizing to the lungs. This could be life threatening, especially in a patient with low 

lung reserve due to chronic obstructive pulmonary disease with recent exacerbation. 

Educational objective: 

Inferior vena cava filters are placed to prevent clinically significant pulmonary emboli in patients with 

contraindications to or complications from anticoagulation (eg, active bleeding) and those who have 

recurrent proximal deep venous thrombosis who failed anticoagulation. 

References 

• Indications, complications, and management of inferior vena cava filters: the experience in 952 patients 

at an academic hospital with a level I trauma center. 

• The effectiveness of prophylactic inferior vena cava filters in trauma patients: a systematic review and 

meta-analysis. 
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A 15-year-old boy is admitted to the hospital for management of right elbow pain and swelling. The 

symptoms began 5 days ago while he was watching television at home. The patient has factor VIII 

deficiency and has been receiving prophylactic recombinant factor VIII infusions through a subcutaneous 

port 3 times weekly since he was 11 months old. When this episode began, the frequency of his infusions 

was increased to daily, but the swelling and pain remain. Temperature is 37.6 C (99.7 F). The right elbow 

has edema, is tender to palpation, and has limited range of motion relative to the left elbow. Laboratory 

results are as follows: 

Complete blood count 

Hemoglobin 

Platelets 

Leukocytes 

13.2 g/dL 

150,000/mm 3 

8,500/mm 3 

Coagulation studies 

PT 14 sec 

Activated PTT 112 sec 

Which of the following is the most likely cause of this patient's symptoms? 

O A. Acquired von Willebrand disease (24%) 

O B. Fibrinogen dysfunction (8%) 

O C.Heparin-induced thrombocytopenia (1%) 

✓O D.lnhibitor development (59%) 

O E. Platelet dysfunction (5%) 

Omitted 
Correct answer 

I 1,1 59% 
L!!!!. Answered correctly 

D 

Explanation 
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Coagulation cascade pathway 

Intrinsic pathway 
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Factor VIII deficiency (hemophilia A) is an X-linked recessive bleeding disorder associated with recurrent 

hemarthrosis (bleeding into joints), as seen in this patient. Treatment is factor VIII replacement therapy 

(eg, recombinant factor VIII infusions through a port). However, inhibitor development occurs in 

approximately 25% of patients with severe hemophilia A (ie, frequent, spontaneous bleeds) as a 

complication of treatment. The immune system recognizes the infused factor as foreign, forming antibodies 

that interfere with factor function. 

Therefore, an inhibitor should be suspected when a patient with hemophilia A on factor replacement 

therapy develops increased bleeding frequency or has hemorrhage refractory to treatment. In addition, 

because factor VIII belongs to the intrinsic coagulation pathway, prolonged PTT, but normal PT, occurs if 

factor VIII is inhibited. Regular screening for inhibitor development is performed when patients with severe 

hemophilia receive factor infusions as well as when an inhibitor is clinically suspected. 

Treatment of an acute bleed in a patient with inhibitor development often involves bypassing products (eg, 

recombinant activated factor VII, activated prothrombin complex concentrates); such 

agents work downstream in the coagulation cascade to promote clotting without the need for factor VIII. 

(Choices A and E) Acquired von Willebrand disease and disorders of platelet function present with 

bruising and mucosal bleeding rather than with hemarthrosis. 

(Choice B) Fibrinogen (factor I} is in the common final coagulation pathway, and dysfunction causes 

prolonged PT and PTT. This patient's PT is normal. 

(Choice C) Heparin-induced thrombocytopenia is due to an autoantibody against heparin and typically 

presents with thrombosis and decreased platelet count, which are not seen in this patient. 

Educational objective: 

Inhibitor development occurs in 25% of patients with severe factor VIII deficiency. It should be considered 

in a patient with bleeding refractory to replacement therapy or with increased bleeding frequency. 

References 
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A 64-year-old man undergoes an emergency colonic resection for extensive ischemic colitis. He lives 

alone and consumes large amounts of alcohol. His family history is noncontributory. The patient is 

extubated on the 4th postoperative day. After extubation, he has episodes of confusion and agitation 

treated with lorazepam and haloperidol. He is also receiving piperacillin with tazobactam. The patient has 

had nothing by mouth since the surgery. On postoperative day 7, the nurse notices bleeding from a 

venipuncture site. His temperature is 36.7 C (98 F), blood pressure is 121/76 mm Hg, pulse is 80/min, and 

respirations are 16/min. Laboratory results are as follows: 

Hemoglobin 

Mean corpuscular 

volume 

Platelets 

Leukocytes 

Segmented 

neutrophils 

Bands 

Eosinophils 

Lymphocytes 

Monocytes 

Prothrombin time 

Partial thromboplastin 

time 

11.5 g/dl 

88 fl 

160,000/µL 

7,500/µL 

68% 

1% 

1% 

24% 

6% 

24 sec (INR 2.2) 

44 sec (normal 25-

40) 

Which of the following is the most likely cause of this patient's current condition? 

O A. Acute disseminated intravascular coagulation (28%) 

O B. Factor V Leiden (2%) 

O C.Factor VIII deficiency (2%) 

0 D.Hypersplenism (0%) 

O E. Lupus anticoagulant (0%) 

O F. Thrombotic thrombocytopenic purpura (2%) 

✓O G.Vitamin K deficiency (60%) 

O H.von Willebrand disease (2%) 

Omitted 
Correct answer 

G 

I 1,1 60% 
L!!!!. Answered correctly 
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This patient's clinical presentation suggests an acquired bleeding disorder, most likely due to vitamin K 

deficiency. Vitamin K is a fat-soluble vitamin that plays an important role in hemostasis by serving as a 

cofactor in the enzymatic carboxylation of glutamic acid residues on prothrombin complex proteins. The 

body obtains vitamin K exogenously from intestinal absorption of dietary Vitamin K and endogenously from 

bacterial production of vitamin K in the intestine. Vitamin K deficiency is most commonly due to inadequate 

dietary intake, intestinal malabsorption, or hepatocellular disease causing loss of storage sites. The liver 

can normally store a 30-day supply of vitamin K, but an acutely ill person with underlying liver disease can 

become vitamin K deficient in as little as 7-10 days. 

This patient received no enteral nutrition postoperatively and was given a broad-spectrum antibiotic, and so 

both natural sources of vitamin K were compromised. In addition, he also likely has alcoholic liver disease, 

further limiting his vitamin K stores. Vitamin K deficiency decreases plasma levels of all the prothrombin 

complex proteins (factors 2, 7, 9, 10, and protein C and S). This initially increases the prothrombin time 

(PT}, followed by prolongation of the partial thromboplastin time (PTT}. Administration of vitamin K rapidly 

replenishes the stores in 8-10 hours, and fresh frozen plasma may be used for the management of acute 

hemorrhage in the interim. 

(Choice A) Disseminated intravascular coagulation causes depletion of clotting factors and secondary 

fibrinolysis. This causes bleeding, acute kidney and liver injury, hypotension, and tachycardia. Testing 

shows thrombocytopenia, prolonged PT and PTT, decreased fibrinogen, and schistocytes on peripheral 

smear. Although this patient's PT and PTT are prolonged, he is hemodynamically stable and has a normal 

platelet count. 

(Choices B and E) Lupus anticoagulant (LAC) is an antiphospholipid antibody that prolongs the PTT 

during diagnostic testing. However, patients with LAC are actually hypercoagulable with increased risk for 

venous thrombosis. Factor V Leiden causes a hypercoagulable state due to activated protein C 

resistance. This patient's increased bleeding makes these unlikely. 

(Choice C) Factor VIII deficiency is an X-linked inherited plasma coagulation disorder that primarily 

prolongs the PTT. It would usually be apparent earlier in life. 

(Choice D) Hypersplenism can occur in patients with cirrhosis, portal hypertension, and splenomegaly. 

Splenic sequestration leads to thrombocytopenia, and patients rarely develop clinical bleeding or prolonged 

PT/PTT. 

(Choice F) Thrombotic thrombocytopenic purpura is a rare form of consumptive thrombocytopenia caused 

by widespread platelet thrombi that form in the microcirculation. It typically presents with 

thrombocytopenia, microangiopathic hemolytic anemia, fever, and neurologic findings (eg, altered mental 

status). 

(Choice H) von Willebrand disease is the most frequently diagnosed inherited bleeding disorder in adults. 

Laboratory testing usually shows increased bleeding time and PTT. However, the PT will be normal. 

Educational objective: 

Vitamin K deficiency is usually due to inadequate dietary intake, intestinal malabsorption, or hepatocellular 

disease. An acutely ill patient with underlying liver disease can become vitamin K deficient in 7-10 days. 

Laboratory studies usually show prolonged prothrombin time followed by prolonged partial thromboplastin 

time. 
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A 36-year-old woman comes to the urgent care clinic due to worsening right lower extremity pain and 

swelling for the past several days. The patient has a history of injection drug use. She also exchanges sex 

for drugs and is inconsistent with condom use. Temperature is 37.1 C (98.8 F), blood pressure is 126/76 

mm Hg, pulse is 86/min, and respirations are 13/min. Oxygen saturation is 98% on room air. On physical 

examination, edema, erythema, and warmth of the right leg are noted with increased calf and thigh 

diameters. There are injection marks in the right groin. Which of the following is the most likely diagnosis? 

O A. Acute lymphangitis (34%) 

✓O B. Deep venous thrombosis (48%) 

O C. Lymphatic filariasis (3%) 

O D.Lymphogranuloma venereum (4%) 

O E. Necrotizing myositis (8%) 

Omitted 
Correct answer 

I 1,1 48% 
L!!!!. Answered correctly 

B 

Explanation 
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Modified Wells criteria for pretest probability 
of deep venous thrombosis 

Score 1 point 

for each 

feature 

present 

• Previously documented DVT 

• Active cancer 

• Recent immobilization of the legs 

• Recently bedridden >3 days 

• Localized tenderness along vein 

distribution 

• Swollen leg 

• Calf swelling >3 cm compared to other leg 

• Pitting edema 

• Collateral superficial nonvaricose veins 

• Alternate diagnosis more likely (-2 points) 

Total score • 0 points = Low probability 

for clinical • 1 or 2 points = Moderate probability 

probability • >3 points = High probability 

DVT = deep venous thrombosis. 

This patient with a history of injection drug use has right leg edema, erythema, and warmth. Although 

these symptoms often occur in a localized manner in injection drug users due to skin and soft tissue 

infection, the presence of symptoms in the entire leg, increased thigh and calf diameters, and injection 

marks in the right groin raises strong suspicion for acute iliofemoral deep venous thrombosis (DVT). 

Common risk factors for first DVT include prolonged immobility or hospitalization, recent major surgery, 

obesity, malignancy, oral contraceptive/hormone replacement use, and pregnancy. However, patients who 

inject drugs into the femoral vein also are at high risk for DVT due to iliofemoral venous wall trauma, 

chemical irritation, and/or infection. 

Manifestations of lower extremity DVT generally include unilateral leg swelling, pain, and warmth; 

physical examination often reveals dilated superficial veins and increased diameter of the calf or thigh 

when compared to the unaffected leg. Initial evaluation typically includes D-dimer (in those with low or 

moderate pretest probability) and/or lower extremity Doppler ultrasound examination (in those with high 

pretest probability). 

(Choice A) Acute lymphangitis is a common complication of injection drug use due to inoculation of skin 

flora into subcutaneous tissue. However, this condition is generally marked by tender red streaks up the 

lymphatic channels with painful, swollen, erythematous regional lymphadenitis. The presence of diffuse 

right leg symptoms and increased calf or thigh diameter enlargement makes DVT far more likely. 

(Choice C) Chronic lymphatic filariasis often results in limb lymphedema due to long-standing lymphatic 

inflammation. However, most cases occur in sub-Saharan Africa, Southeast Asia, the Caribbean, and the 

Indian subcontinent. In addition, this patient with injection marks in the right groin is far more likely to have 

acute DVT due to iliofemoral vein injury. 

(Choice D) Lymphogranuloma venereum is a tropical and subtropical disease caused by serovars of 

Chlamydia trachomatis; it is marked by genital ulcers and inguinal lymphadenitis. 

(Choice E) Necrotizing myositis is a rare condition generally marked by severe systemic toxicity (eg, high 

fever, hypotension, toxic appearance) and rapidly progressive skin changes (eg, discoloration, gangrene). 

This patient's normal vital signs and slow-onset symptoms make this highly unlikely. 

Educational objective: 

Patients who inject drugs into the femoral vein can develop iliofemoral deep venous thrombosis. This 

disorder is typically marked by unilateral leg edema, warmth, and erythema with evidence of dilated 

superficial veins and increased calf/thigh diameter on examination. 
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A 3-year-old boy is brought to the emergency department by his stepfather due to right knee swelling. The 

knee swelled immediately after the patient fell while playing outside. He is generally healthy and very 

active. His stepfather reports that last week while climbing on the living room couch, he fell onto the floor 

and developed a large bruise to his left hip. Temperature is 36.7 C (98.1 F). Examination shows an 

uncomfortable-appearing boy with significant swelling of the right knee. The patient has pain with knee 

movement and limited range of motion. An area of ecchymosis is seen on the left hip. There are also 

scattered ecchymoses to the anterior shins. The remainder of the physical examination is normal. 

Laboratory results are as follows: 

Complete blood count 

Hemoglobin 13 g/dL 

Platelets 187,000/mm 3 

Leukocytes 8,500/mm 3 

Radiograph of the right knee shows a large effusion but no fracture. Which of the following is the best next 

step in management of this patient? 

O A. Bone marrow evaluation (0%) 

✓O B. Coagulation studies (63%) 

O C.Complete skeletal survey (20%) 

O D.Reassurance and observation (10%) 

O E. Serum transaminase levels (0%) 

O F. Synovial fluid Gram stain and culture (3%) 

Omitted 
Correct answer 

I 1,1 63% 
L!!!!. Answered correctly 

B 

Explanation 
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Hemophilia A & B 

Inheritance • X-linked recessive 

• Delayed/prolonged bleeding after mild trauma 

Clinical 
o Hemarthrosis, intramuscular hematomas 

• 

features 
o Gastrointestinal or genitourinary tract bleeding 

o lntracranial hemorrhage 

• Complications: hemophilic arthropathy 

• i Activated PTT 

Laboratory • Normal platelet count & PT 

03/20/2021 
Last Updated 

findings • Absent or l factor VIII (hemophilia A) or factor IX 

(hemophilia B) activity 

Treatment 
• Factor replacement 

• Desmopressin for mild hemophilia A 

This child's history of easy bruising and acute onset of joint effusion following minor trauma (suggestive of 

hemarthrosis) raise concern for hemophilia, a coagulation disorder. Hemophilia A and B, or deficiency of 

factor VIII and IX, respectively, are X-linked recessive disorders that typically affect boys. 

The severity of symptoms depends on the degree of factor deficiency, ranging from spontaneous bleeding 

(eg, intracranial hemorrhage) to delayed postprocedure bleeding (eg, oozing from dental extraction site). 

Hemarthrosis, or joint hemorrhage, is common and typically presents following mild injury with pain and 

swelling in weight-bearing joints (eg, knees, ankles). Recurrent hemarthroses in the same joint can lead to 

chronic hemophilic arthropathy. 

Initial screening tests for hemophilia include coagulation studies and a complete blood count. Hemophilia 

causes prolonged PTT due to absent factor VIII or IX but normal PT; platelet count is normal. 

(Choice A) Bone marrow evaluation is indicated for spontaneous bruising in patients with anemia, 

thrombocytopenia, and leukocytosis/leukopenia, which are findings suggestive of leukemia. This patient 

has normal cell counts, and bone marrow evaluation is contraindicated in severe hemophilia due to 

bleeding risk. 

(Choice C) A skeletal survey (full body x-ray) is indicated when nonaccidental trauma is suspected. Red 

flags include an inconsistent history of bruises that are patterned (eg, belt buckle) or in unusual locations 

(eg, abdomen, buttocks). This patient has a knee injury from a witnessed fall and bruising on the shins, 

which are typical of normal toddler injuries. 

(Choice D) Reassurance and observation are appropriate for minor contusions or sprains. Hemarthrosis 

requires further evaluation and treatment to prevent recurrent bleeds. 

(Choice E) Coagulopathy may result from advanced liver disease, which impairs production of vitamin K

dependent clotting factors (II, VII, IX, X) and often causes thrombocytopenia. Coagulation studies should 

be obtained first, and if abnormal, further evaluation of the liver (eg, transaminases) should be conducted. 

(Choice F) Synovial fluid Gram stain and culture are indicated for septic arthritis, which typically presents 

with refusal to bear weight and signs of systemic inflammation (eg, fever, leukocytosis), which are not 

present in this patient. 

Educational objective: 

Hemarthrosis after minor trauma is suspicious for a bleeding disorder (eg, hemophilia), and coagulation 

studies should be obtained. Hemophilia presents with a prolonged PTT, normal PT, and normal platelet 

count. 

References 

• Pediatric hemophilia: a review. 

• Evaluating for suspected child abuse: conditions that predispose to bleeding. 
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A 22-year-old man is brought to the emergency department by ambulance after sustaining a gunshot 

wound to the abdomen during a home invasion. The event occurred 45 minutes prior to arrival. Because 

of hypotension, paramedics administered 1 L of normal saline en route to the emergency department. On 

arrival, blood pressure is 98/62 mm Hg, pulse is 120/min, and respirations are 22/min. The patient is 

awake and moaning in pain. The lungs are clear to auscultation bilaterally, and heart sounds are normal. 

One bullet wound is noted in the left upper quadrant. The abdomen is tender and distended. The patient is 

moving all his extremities, but they are cool and clammy. Focused Assessment with Sonography for 

Trauma examination shows free fluid in the abdomen. Continuation of additional normal saline fluid 

boluses in this patient would likely result in which of the following? 

O A. Decreased risk for acute respiratory distress syndrome (12%) 

O B. Decreased risk for hypothermia (20%) 

✓O C. Increased risk for coagulopathy (37%) 

O D.lncreased risk for metabolic alkalosis (28%) 

Omitted 
Correct answer 

C 

I I, I 3?% 
L!!!!. Answered correctly 
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This patient with penetrating abdominal trauma has signs of hemorrhagic shock (eg, hypotension, 

tachycardia, cool extremities) and, likely, ongoing hemorrhage (eg, free intraperitoneal fluid on Focused 

Assessment with Sonograph for Trauma). Such patients once received early, aggressive crystalloid (eg, 

normal saline) resuscitation to restore intravascular volume and normal blood pressure. Now, balanced 

resuscitation (aka, damage-control resuscitation) is used; it includes the following measures: 

• Limiting use of crystalloids (eg, <1 L}, which dilute existing coagulation (eg, clotting) factors and 

platelets, thereby increasing coagulopathy 

• Replacing lost intravascular volume with blood products (rather than crystalloids), transfused in a 

ratio similar to that of whole blood ( eg, 1 : 1 : 1 ratio of packed red blood cells/plasma/platelets) 

• Permitting hypotension (ie, permissive hypotension) to limit ongoing hemorrhage and/or prevent clot 

disruption and rebleeding 

With balanced resuscitation, blood products are administered only as needed to maintain a blood pressure 

(eg, mean arterial pressure ~65 mm Hg) sufficient for tissue perfusion, until definitive hemorrhage control 

(eg, surgical intervention) can be achieved. 

In addition to coagulopathy, aggressive crystalloid resuscitation has been associated with the following 

detrimental effects: 

• Hypothermia: Room temperature fluids are cooler than body temperature and can cause hypothermia 

(which worsens coagulopathy), especially when administered in large volumes (Choice B). 

• Acidosis: Large volumes of rapidly administered normal saline can cause non-anion gap 

hyperchloremic metabolic acidosis (vs alkalosis), which can further worsen the performance of 

coagulation factors (Choice D). 

• Increased mortality: Overuse of crystalloids worsens the "lethal triad" (hypothermia, acidosis, 

coagulopathy) already present in severely injured trauma patients, increasing the risk for mortality. 

(Choice A) The trauma-induced inflammatory response can cause capillary leakage and diffuse 

pulmonary edema, sometimes resulting in acute respiratory distress syndrome (ARDS). Crystalloids have 

been shown to cause a dose-dependent increase (vs decrease) in ARDS; they have a lower oncotic 

pressure than blood and can leak more easily into the pulmonary interstitium. 

Educational objective: 

Large-volume crystalloid resuscitation increases coagulopathy, hypothermia, and mortality in trauma 

patients. Balanced resuscitation, which restricts crystalloid use and uses blood products to maintain a 

blood pressure just sufficient for tissue perfusion (ie, permissive hypotension) until hemorrhage is 

controlled, can decrease these adverse effects. 

References 

• Balanced resuscitation in trauma management. 

• The evolving science of trauma resuscitation. 

• Optimal fluid therapy for traumatic hemorrhagic shock. 
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A 59-year-old woman comes to the emergency department due to right leg swelling and pain for 2 days. 

The patient was started on hemodialysis 2 months ago for end-stage renal disease from poorly controlled 

hypertension and type 2 diabetes mellitus. Duplex ultrasound shows a right popliteal vein thrombosis. The 

patient is started on intravenous heparin infusion and admitted to the medical floor. On the third day of 

hospitalization, the right leg is more swollen and painful. Repeat ultrasound shows an extension of 

thrombus to the right femoral vein. Laboratory results are as follows: 

Hemoglobin 14.0 g/dL 

Platelets 50,000/mm 3 

Leukocytes 7,500/mm 3 

Activated 

partial 
70 seconds 

thromboplastin 

time 

Which of the following is the most likely cause of this patient's worsening condition? 

✓O A. Antibody-mediated platelet activation (70%) 

O B. Decreased bone marrow platelet production (1 %) 

O C.Disseminated intravascular coagulation (6%) 

O D.Nonimmune platelet aggregation (15%) 

O E. Platelet sequestration and redistribution (5%) 

Omitted 
Correct answer 

I I, I ?Oo/o 
L!!!!. Answered correctly 
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Mechanism of type 2 heparin-induced thrombocytopenia 
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This patient with thrombocytopenia and thrombus progression 3 days into heparin therapy likely has type 2 

heparin-induced thrombocytopenia {HIT). Heparin induces a conformational change to a platelet 

surface protein (platelet factor 4 [PF4]), which exposes a neoantigen. In patients with type 2 HIT, the 

immune system responds by forming an lgG autoantibody {HIT antibody) that then coats the surface of 

platelets and forms complexes {heparin-PF4-HIT antibody), resulting in: 

• Thrombocytopenia - the reticuloendothelial system {largely the spleen) removes antibody-coated 

platelets, causing a mild to moderate thrombocytopenia (rarely <20,000/mm 3 ). 

• Arterial and venous thrombus - HIT antibodies activate platelets, resulting in platelet aggregation 

and the release of procoagulant factors. The risk of thrombus is as high as 50% in untreated HIT. 

Typically, type 2 HIT manifests with a >50% drop in platelets 5-10 days after the initiation of heparin, but it 

may occur earlier (sometimes <1 day) in patients previously exposed. This patient with end-stage renal 

disease likely receives heparin with hemodialysis. If HIT is suspected, all heparin products should be 

discontinued immediately and anticoagulation should be initiated with an alternate anticoagulant (eg, 

argatroban, fondaparinux). 

Heparin works by binding antithrombin, which inactivates factor Xa; this prolongs activated partial 

thromboplastin time. 

(Choice B) Impaired bone marrow platelet production is seen with malignant infiltration or myelodysplastic 

syndrome. Typically, the other cell lines are also affected (eg, leukocytosis, pancytopenia). 

(Choice C) Acute disseminated intravascular coagulation is usually characterized by bleeding, end-organ 

dysfunction (renal, pulmonary, liver), and shock. Trauma, infection, and malignancy are the most common 

causes and patients tend to be acutely ill. In this patient on heparin with thrombocytopenia and thrombus 

progression alone, HIT is far more likely. 

(Choice D) Type 1 HIT is marked by nonimmune-mediated platelet aggregation. It results in mild 

thrombocytopenia (platelets rarely <1 OO,OOO/mm3 ), usually within 2 days of heparin initiation. Type 1 HIT 

does not require intervention and does not cause ill effects; the thrombocytopenia resolves without 

cessation of heparin. 

(Choice E) Splenomegaly may cause platelet sequestration and redistribution. It is associated with 

thrombocytopenia but does not increase thrombus risk. 

Educational objective: 

In type 2 heparin-induced thrombocytopenia {HIT), heparin induces a conformational change in a platelet 

surface protein which exposes a neoantigen. Antibodies are formed and bind to the surface of platelets, 

resulting in platelet activation, thrombocytopenia, and a prothrombotic state. Type 2 HIT typically occurs 5-

10 days after heparin initiation but may occur sooner in patients previously exposed to heparin. 

References 

• Stroke in patients with heparin-induced thrombocytopenia and the effect of argatroban therapy. 
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A 35-year-old woman undergoes core needle biopsy for a suspicious, asymptomatic thyroid nodule that 

was discovered during a routine physical examination. TSH is normal. After the procedure, the patient 

develops an expanding hematoma at the biopsy site. She has no personal or family history of bleeding or 

easy bruising. Which of the following is the most likely diagnosis? 

O A. Dysfunctional platelets ( 15%) 

O B. Factor VIII deficiency (4%) 

✓O C. Insufficient hemostasis (64%) 

O D.Thrombocytopenia (7%) 

O E.Vitamin C deficiency (1%) 

O F. Vitamin K deficiency (7%) 

Omitted 
Correct answer 

C 

I 1,1 64% 
L!!!!. Answered correctly 
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This patient developed a hematoma after core needle biopsy for an asymptomatic thyroid nodule. She has 

no personal or family history of easy bleeding or bruising, making vitamin deficiency and most hereditary 

bleeding disorders unlikely. Therefore, despite a core needle biopsy being a fairly low-risk procedure, the 

most likely explanation for the hematoma is insufficient hemostasis following tissue injury from the 

biopsy. 

(Choice A) Platelet dysfunction can be seen in patients who take antiplatelet agents (eg, aspirin) or have 

certain comorbid conditions (eg, liver disease, uremia). Von Willebrand disease can affect platelet 

function. This otherwise healthy individual (with no family history of bleeding) is unlikely to have platelet 

dysfunction. Furthermore, most cases would manifest immediately with oozing at the biopsy site. 

(Choice B) Factor VIII deficiency is seen in hemophilia A, which usually presents in childhood with bruising 

and mucocutaneus or joint bleeding. Because it is transmitted in an X-linked recessive fashion, male 

patients are affected; a female patient with no history of bleeding is unlikely to have factor VIII deficiency. 

(Choice D) Clinically significant thrombocytopenia (eg, primary immune thrombocytopenia) usually 

manifests with a history of bruising and mucocutaneous bleeding. 

(Choices E and F) Although vitamin C deficiency (scurvy) can increase the risk of bleeding due to blood 

vessel fragility, and vitamin K deficiency can increase the risk of bleeding due to coagulation factor (eg, 

factor 11, VII, IX, X) deficiency, this patient's lack of mucocutaneous bruising or bleeding makes these 

conditions unlikely. In addition, healthy individuals who consume a relatively normal diet are at very low 

risk for vitamin deficiency. 

Educational objective: 

Insufficient hemostasis is the most common cause of postoperative hematoma in patients with no personal 

or family history of easy bleeding or bruising. 
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A 65-year-old man comes to the emergency department due to severe right leg pain and is found to have 

an acute thrombotic occlusion of the right popliteal artery. He has a history of hypertension, type 2 

diabetes mellitus, and hyperlipidemia. The patient is admitted to the surgical floor and initiated on 

intravenous unfractionated heparin. The following morning, he undergoes surgical revascularization of the 

right leg. The patient's hospital course progresses well, but 5 days postoperatively his platelet count 

decreases from 240,000/mm 3 on admission to 65,000/mm 3 • His vital signs are stable. The surgical wound 

is healing well. There are no rashes or pitting edema. Which of the following is the most appropriate next 

step in management of this patient? 

O A. Continue heparin and obtain a serotonin release assay (2%) 

O B. Stop heparin and observe (7%) 

O C.Stop heparin and order a platelet transfusion (2%) 

✓O D.Stop heparin and start argatroban (74%) 

O E. Stop heparin and start warfarin (4%) 

O F. Switch to low molecular weight heparin (7%) 

Omitted 
Correct answer I 1.1 74% 

L!!!!. Answered correctly 
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Clinical features of type 2 heparin-induced thrombocytopenia 

Suspected with heparin exposure >5 days & any of the following: 

Clinical • Platelet count reduction >50% from baseline 

signs • Arterial or venous thrombosis 
• Necrotic skin lesions at heparin injection sites 
• Acute systemic (anaphylactoid) reactions alter heparin 

Diagnostic • Serotonin release assay: Gold standard confirmatory test 
evaluation • Start treatment in suspected cases prior to confirmatory tests 

• Stop ALL heparin products 
Therapy • Start a direct thrombin inhibitor (eg, argatroban) or fondaparinux 

(synthetic pentasaccharide) 

©UWorld 

Type 2 heparin-induced thrombocytopenia (HIT} is a life-threatening complication of heparin therapy. A 

drop in the platelet count by >50°/o or a new thrombus within 5-10 days of initiating heparin should raise 

suspicion for HIT (HIT may manifest sooner in patients previously exposed to heparin). HIT is antibody 

mediated and causes a mild to moderate thrombocytopenia (rarely <20,000/mm 3) with minimal bleeding 

risk. However, venous and arterial thrombotic risk is significant, as high as 50% in untreated HIT. 

If HIT is suspected, all heparin products (including heparin flushes) should be discontinued immediately, 

and anticoagulation should be initiated with a nonheparin medication (eg, argatroban, fondaparinux). 

(Choices A, B, and C) Although the diagnosis of HIT is confirmed with a high titer immunoassay or a 

functional assay of the blood (eg, serotonin release assay), discontinuing heparin and initiating nonheparin 

anticoagulation should not be delayed for laboratory results due to the high risk of thrombus. Platelet 

counts typically normalize 2-7 days after stopping heparin; transfusions are not required unless the patient 

is overtly bleeding (which is uncommon in HIT}. 

(Choice E) Warfarin is used for anticoagulation maintenance in patients with HIT but only after the patient 

has received another anticoagulant and the platelet count is >150,000/mm 3 • Initial treatment with warfarin 

is contraindicated in patients with HIT as it rapidly lowers protein C levels, which may transiently increase 

the risk of thrombus. 

(Choice F) All heparin products, including low molecular weight heparin, should be avoided in patients with 

HIT. 

Educational objective: 

Suspected heparin-induced thrombocytopenia requires immediate cessation of all forms of heparin and 

initiation of anticoagulation with an alternate agent (eg, argatroban, fondaparinux). Once the platelet count 

is >150,000/mm 3 , most patients can be switched safely to warfarin. 

References 

• Heparin-induced thrombocytopenia: an update. 
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A 17-year-old girl is brought to the emergency department due to acute abdominal pain, nausea, and 

vomiting. She has no chronic medical conditions and has had no surgery. The patient has had irregular 

menstruation and is not sexually active. Family history is significant for deep venous thrombosis following 

knee replacement in her mother, who takes apixaban. Temperature is 38.3 C (101 F). BMI is 18 kg/m2 • 

Physical examination shows right lower quadrant abdominal tenderness. CT scan of the abdomen reveals 

acute appendicitis, and laparoscopic appendectomy is planned. Preoperative laboratory studies 

demonstrate a platelet count of 400,000/mm 3 • Coagulation study results are as follows: 

Prothrombin time 12 sec 

International Normalized Ratio (INR) 1.2 (normal: 0.8-1.2) 

Activated partial thromboplastin time 52 sec 

Thrombin time 15 sec (normal: 14-19 sec) 

Mixing the patient's plasma sample with normal plasma fails to correct the coagulation abnormalities. 

Which of the following best explains this patient's coagulation study results? 

✓O A. Autoantibodies against phospholipids (63%) 

O B. Decreased von Willebrand factor level (23%) 

O C.lnherited deficiency of factor IX (5%) 

O D. Nutritional deficiency of vitamin K (2%) 

O E. Uncontrolled consumption of clotting factors (4%) 

Omitted 
Correct answer 

A 

Explanation 

I 1.1 63% 
L!!!!. Answered correctly 
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This patient's prolonged activated PTT does not correct when mixed with normal plasma. Normal plasma 

provides coagulation factors; therefore, it corrects prolonged PTT in the setting of coagulation factor 

deficiency but fails to correct prolonged PTT in the setting of a coagulation inhibitor. 

One of the most common coagulation inhibitors is lupus anticoagulant (LA), a type of an 

antiphospholipid antibody. LA binds to the phospholipids used in most PTT tests and prevents them 

from inducing coagulation (thereby prolonging PTT). This laboratory artifact is not improved with the 

addition of plasma (mixing test) but is resolved with the addition of phospholipids (which eventually 

overwhelm all the antibody binding sites). 

Patients with antiphospholipid antibodies may remain asymptomatic but are at increased risk for 

antiphospholipid-antibody syndrome, which is associated with thromboembolism and fetal loss. Most 

cases occur sporadically; this patient's mother's deep venous thrombus likely was related to her orthopedic 

surgery rather than a clotting disorder. Furthermore, the patient's thrombophilia is likely a byproduct of her 

infection rather than of a platelet disorder. 

(Choice B) Most patients with von Willebrand deficiency are asymptomatic, but a minority develop easy 

bruising or mucocutaneous bleeding. PTT is sometimes prolonged because von Willebrand factor acts as 

a carrier for clotting factor VIII (degradation is increased in the setting of reduced von Willebrand factor). 

However, a mixing study would correct PTT. 

(Choice C) Hemophilia B is an inherited deficiency of clotting factor IX. Although it causes prolonged PTT, 

it corrects with mixing studies. Furthermore, almost all cases present in early childhood and occur in male 

children (because it is X-linked recessive). 

(Choice D) Vitamin K is found in green, leafy vegetables and is required to generate clotting factors VII, 

IX, X, and prothrombin. Although deficiency is rare in healthy individuals, it usually manifests with 

prolonged PT because of clotting factor VII deficiency. In severe cases, PTT can be prolonged, but both 

PT and PTT would correct with mixing studies. 

(Choice E) Infections can sometimes cause disseminated intravascular coagulation, which is marked by 

the excessive consumption of clotting factors. However, most patients have thrombocytopenia (due to the 

formation of intravascular microthrombi) and prolonged PT and PTT. Furthermore, signs of bleeding (eg, 

oozing at venipuncture sites) and thrombosis are often present. 

Educational objective: 

Patients with antiphospholipid antibodies (eg, lupus anticoagulant) have prolonged PTT that fail to correct 

with a mixing test (combination with normal plasma). Most patients with antiphospholipid antibodies are 

asymptomatic, but a minority develop antiphospholipid-antibody syndrome (thromboembolism, fetal loss). 
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A 56-year-old man comes to the emergency department with right leg swelling. He noticed the swelling 

yesterday and has not had injury to that leg or a recent fall. The patient has no chronic medical conditions 

and takes no medications. On review of systems, he endorses frequent nosebleeds and occasional gum 

bleeding, which began recently. He has also had persistent, nagging epigastric and back pain. The patient 

has lost 4.5 kg (10 lb) over the past 3 months despite no change in diet or activities. He has smoked a 

pack of cigarettes daily for 30 years. The patient does not use alcohol or illicit drugs. Temperature is 36.9 

C (98.4 F), blood pressure is 110/80 mm Hg, pulse is 96/min, and respirations are 16/min. Chest 

examination is unremarkable. Mild epigastric tenderness is present. There is moderate, asymmetric right 

lower extremity edema. Peripheral pulses are full and symmetric. Further evaluation is most likely to 

reveal which of the following? 

O A. Antiphospholipid antibodies (4%) 

✓O B.Consumptive coagulopathy (42%) 

0 C.Cryoglobulinemia (20%) 

O D. Inherited activated protein C resistance (6%) 

O E. Thromboangiitis obliterans (25%) 

Omitted 
Correct answer 

I I, I 42% 
L!!!!. Answered correctly 
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B 

Explanation 

Acute vs chronic disseminated intravascular coagulation (DIC) 

Acute DIC Chronic DIC 

Sepsis 

Common etiologies Severe trauma Malignancy (eg, pancreatic) 

Obstetric complications 

Coagulation studies Prolonged Often normal 

Platelets Low Often normal 

Fibrinogen Low Often normal 

D-dimer High High 

Bleeding risk Very high Mildly increased 

Thromboembolism risk Mildly increased Very high 

In this patient with asymmetric leg swelling suggestive of deep venous thrombosis (DVT), several features 

are concerning for chronic disseminated intravascular coagulation {DIC) in the setting of cancer. His 

long history of smoking combined with unintentional weight loss and nagging epigastric and back pain 

raises suspicion for pancreatic cancer. Mucin-producing tumors (eg, pancreatic, gastric, ovarian, breast) 

often secrete tissue factor into the blood, which intermittently triggers the coagulation cascade and can 

lead to chronic DIC, a consumptive coagulopathy. 

As with other consumptive coagulopathies, the risk of arterial or venous thrombosis (eg, DVT) is 

significantly increased in patients with chronic DIC; in addition, periodic mucocutaneous bleeding (eg, 

gums, nose) can occur, as seen in this patient. However, because patients with chronic DIC are usually 

able to compensate for intermittent coagulation and fibrinolysis via increased production of coagulation 

factors, platelets, and fibrinogen, they may be asymptomatic and frequently have normal platelet counts 

and coagulation times. 

In contrast to chronic DIC, acute DIC usually arises in the setting of sustained procoagulant exposure (eg, 

lipopolysaccharide in sepsis) and is marked by massive activation of the coagulation cascade, with rapid 

consumption of platelets, coagulation factors, and fibrinogen. Most cases present with acute bleeding 

rather than thrombosis. 

(Choice A) Antiphospholipid antibodies increase the risk of venous thromboembolism and fetal loss. 

Bleeding risk is not generally increased. In addition, antiphospholipid antibodies are most often associated 

with systemic lupus erythematosus, not pancreatic cancer. 

(Choice C) Cryoglobulinemia, a small- to medium-sized vessel vasculitis caused by the precipitation of 

circulating antibodies, is most common in the setting of infection (eg, hepatitis C), monoclonal gammopathy 

(eg, multiple myeloma), or connective tissue disease. Patients generally have palpable purpura, 

weakness, renal insufficiency, and arthritis/arthralgias. Thrombosis and bleeding are atypical, and the 

condition is not typically linked to pancreatic cancer. 

(Choice D) Factor V Leiden is a disorder marked by an inherited resistance to activated protein C. 

Because protein C is an anticoagulant, patients are at increased risk for thromboembolism. However, 

bleeding risk is not increased, and the condition is not associated with pancreatic cancer. 

(Choice E) Thromboangiitis obliterans is a small- and medium-sized vessel vasculitis of the extremities 

that typically occurs in young patients who smoke. It generally causes distal extremity ischemia, digit 

ulcers, and/or digit gangrene. This older patient with epigastric pain, unintentional weight loss, and 

evidence of both bleeding and thrombosis is more likely to have chronic DIC due to cancer. 

Educational objective: 

Chronic disseminated intravascular coagulation is common in patients with mucin-producing tumors (eg, 

pancreatic cancer) due to periodic release of tissue factor into the bloodstream, which triggers low-grade 

coagulation and fibrinolysis. Patients frequently have normal platelet counts and coagulation times but are 

at increased risk for venous and arterial thrombosis and, to a lesser extent, mucocutaneous bleeding. 
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A 55-year-old woman comes to the office due to right leg swelling and tenderness. She has a history of 

ovarian cancer and is currently undergoing chemotherapy. A duplex venous ultrasound of the right lower 

extremity shows thrombosis of the right popliteal vein. The patient is sent home with subcutaneous 

enoxaparin. A week later, the patient returns to the office for a follow-up appointment. Laboratory results 

are as follows: 

At 
Now 

Discharge 

Hematocrit 44% 43% 

Leukocytes 6,500/mm 3 6,100/mm 3 

Platelets 21 O,OOO/mm3 70,000/mm 3 

INR 0.9 1.0 

This patient's current condition predisposes her to which of the following? 

O A.Acute interstitial nephritis (4%) 

✓O B.Arterial thrombosis (56%) 

O C.Coronary vasospasm (2%) 

O D.Hemarthrosis (34%) 

0 E.Mycotic aneurysm (1%) 

Omitted 
Correct answer 

I 1,1 56% 
L!!!!. Answered correctly 

B 

Explanation 

(T"\ 03 secs 
\..::J nmeSpent 

F==I 06/19/2021 
IE!.) Last Updated 

Mechanism of type 2 heparin-induced thrombocytopenia 
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This patient was initiated on low molecular weight heparin (enoxaparin) due to an acute deep venous 

thrombosis. A week later, laboratory studies show a significant reduction in platelet count, suggesting type 

2 heparin-induced thrombocytopenia (HIT). A drop in platelets by >50% or a new thrombus within 5-10 

days of heparin initiation should raise suspicion for HIT (HIT may manifest sooner in patients previously 

exposed to heparin). 

Heparin induces a conformational change to a platelet surface protein (platelet factor 4 [PF4]), which 

creates a neoantigen. In patients with HIT, the immune system responds by forming an lgG autoantibody 

(HIT antibody). HIT antibodies then coat the surface of platelets, causing: 

• Thrombocytopenia - the reticuloendothelial system (largely the spleen) removes HIT antibody-coated 

platelets, causing mild to moderate thrombocytopenia (mean nadirs of 60,000/mm 3 ). Severe 

thrombocytopenia (<20,000/mm 3) is uncommon. 

• Thrombus - HIT antibodies activate platelets, resulting in platelet aggregation and the release of 

procoagulant factors. This puts patients at very high risk (as high as 50%) for arterial and venous 

thrombus. Venous thrombosis in the leg veins, cardiac vessels, and skin (at the site of heparin 

injection) is common. Arterial thrombosis may occur in the heart, limbs, or central nervous system. 

If HIT is suspected, all heparin products should be discontinued immediately and anticoagulation 

should be initiated with a non-heparin medication (eg, argatroban, fondaparinux). Diagnosis is confirmed 

by functional assay (eg, serotonin-release assay [gold standard]) or high-titer immunoassay of the blood. 

(Choice A) Acute interstitial nephritis (AIN) presents with renal dysfunction and is typically caused by 

medications, autoimmune disorders (eg, systemic lupus erythematosus), or infections. Heparin is not 

commonly associated with AIN. 

(Choice C) Coronary vasospasm is caused by hyperreactivity of the coronary vessels and may result in 

anginal symptoms. Patients with HIT are at risk for venous and arterial thrombus in the coronary vessels 

(not vasospasm). 

(Choice D) Hemarthrosis is usually due to trauma (most common), vascular damage, or coagulopathy (eg, 

hemophilia). It is uncommon for HIT to cause bleeding issues. 

(Choice E) Mycotic aneurysms are bacterial infections of the vascular wall that tend to occur after trauma 

or with preexisting aneurysm. Deep venous thrombosis typically does not put patients at increased risk for 

a mycotic aneurysm. 

Educational objective: 

Heparin-induced thrombocytopenia (HIT) is an immune-mediated process that causes thrombocytopenia 

several days after initiation of heparin therapy. HIT is highly thrombogenic and patients must be placed on 

alternate forms of anticoagulation due to the risk for arterial and venous clots. 

References 

• Heparin-induced thrombocytopenia: an update. 
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A 26-year-old man is brought to the hospital after a motor vehicle collision. The patient was found 

unconscious at the scene and was intubated on the way to the hospital. Initial imaging showed left-sided 

epidural hematoma, multiple rib fractures, and a pelvic fracture. He was immediately taken to the operating 

room for epidural hematoma evacuation. During resuscitation and in the postoperative period, the patient 

received 4 L of intravenous fluids and 3 units of packed red blood cells. Although he was hemodynamically 

stable on day 1 of hospitalization, the nursing report on day 2 notes reduced urine output. In addition, there 

is persistent oozing from the patient's venipuncture sites and around the surgical wound. Which of the 

following is the most likely cause of this patient's bleeding? 

Q A. ABO incompatibility (1 %) 

O B.Acute liver failure (2%) 

O C.Complement-mediated microangiopathy (6%) 

✓O D.Consumptive coagulopathy (81 %) 

O E. Drug-induced thrombocytopenia (3%) 

O F. Vitamin K deficiency (5%) 

Omitted 
Correct answer 

I 1,1 81% 
L!!!!. Answered correctly 

D 

Explanation 
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Major causes 
• Severe traumatic injury 
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• Procoagulant excessively triggers coagulation cascade --+ 

Pathophysiology • Formation of fibrin-/platelet-rich thrombi & fibrinolysis --+ 

• Bleeding & organ damage (eg, kidneys, lungs) 

• Thrombocytopenia 

• Prolonged PT & PTT 

Laboratory findings • ! Fibrinogen 

• i D-dimer 

• Microangiopathic hemolytic anemia (schistocytes) 

This patient's oozing from venipuncture and surgical sites and reduced urine output after a serious 

traumatic injury raises strong suspicion for disseminated intravascular coagulation {DIC), a 

consumptive coagulopathy. Traumatic injury increases the risk of DIC due to endothelial (exposes 

tissue factor) and tissue damage (releases procoagulant proteins and phospholipids); other common 

causes of DIC include sepsis, malignancy, and obstetrical complications. 

DIC is marked by: 

• Overactivation of the coagulation cascade, leading to the formation of fibrin- and platelet-rich thrombi 

and the consumption of coagulation factors (prolonged PT/PTT), platelets {thrombocytopenia), and 

fibrinogen. 

• Subsequent fibrinolysis (to break up the clots), which increases fibrin degradation products (eg, D-

dimer). Anticoagulation proteins (eg, protein C/S) are also consumed. 

Patients with acute DIC usually develop bleeding from venipuncture/surgical sites, ecchymosis, and 

petechiae. Organ damage (eg, renal insufficiency [reduced urine output in the setting of intravascular 

fluids]) is also commonly seen. 

(Choice A) ABO incompatibility can cause DIC, but severe symptoms (eg, fever, chills, respiratory 

difficulty) typically develop within seconds or a few minutes of transfusion initiation; manifestations a day 

later would be atypical. 

(Choice B) Acute liver failure can cause prolonged PT/PTT and mild thrombocytopenia. Although patients 

are sometimes mildly hypocoaguable (eg, easy bruising), clinically significant bleeding and oozing from 

venipuncture sites is atypical. Most cases of acute liver failure are caused by viral hepatitis or drugs (eg, 

acetaminophen), not motor vehicle collisions. 

(Choice C) Complement-mediated microangiopathy (also called nondiarrheal hemolytic-uremic syndrome) 

is a hereditary disorder marked by unregulated complement activation and the formation of platelet-rich 

thrombi. Although renal insufficiency is common, it does not typically cause oozing from venipuncture 

sites. In addition, it is not typically associated with trauma (unlike DIC). 

(Choice E) Drug-induced thrombocytopenia is usually due to the formation of antibodies against platelets 

or the suppression of platelet production in the bone marrow. Most cases manifest several days {~1 week) 

after drug exposure (not within a day). 

(Choice F) Vitamin K is necessary for the formation of several clotting factors (eg, factors II, VII, IX, and 

X). Deficiency is rare in healthy individuals and takes several weeks or months (not a day) to develop. 

Most cases arise in patients with disorders of the pancreas/biliary system (because vitamin K is fat-soluble) 

or in those who take prolonged courses of antibiotics. 

Educational objective: 

Severe trauma increases the risk of disseminated intravascular coagulation, a consumptive coagulopathy, 

due to the exposure of tissue factor and the release of procoagulant proteins and phospholipids. 

Laboratory evaluation will reveal prolonged PT/PTT and thrombocytopenia. Patients usually develop signs 

of bleeding (eg, oozing from venipuncture/surgical sites) and organ damage (eg, renal insufficiency). 
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A 53-year-old man comes to the office due to a 3-day history of right leg swelling and pain. He has had no 

chest pain or dyspnea. The patient describes himself as healthy, and his last visit to the doctor was 10 

years ago. He has had no weight loss or abdominal pain. The patient smokes and has a 30-pack-year 

history. He has an active lifestyle and has not recently traveled. The patient's mother died of breast 

cancer, and his father has congestive heart failure. Temperature is 37 C (98.6 F), blood pressure is 140/80 

mm Hg, pulse is 70/min, and respirations are 14/min. Oxygen saturation is 97% on room air. Normal 

vesicular breath sounds and cardiac sounds are heard on chest auscultation. Abdominal examination is 

unremarkable. The right leg is swollen and tender up to midthigh. Results of complete blood cell count 

and coagulation studies are within normal limits. Duplex ultrasonography demonstrates incompressible 

popliteal and femoral veins, and anticoagulation is started immediately. Chest x-ray is unremarkable. 

Which of the following is most appropriate in evaluation of this patient's current condition? 

✓O A.Age-appropriate cancer screening (63%) 

O B.CTscan of the abdomen (12%) 

O C.Positron emission tomography of the chest (4%) 

O D.Protein C, protein S, and antithrombin tests (16%) 

O E. Serum carbohydrate antigen (CA) 19-9 and carcinoembryonic antigen tests (2%) 

Omitted 
Correct answer 

A 

Explanation 

I 1,1 63% 
L!!!!. Answered correctly 
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This patient has deep venous thrombosis (DVT) of the popliteal and femoral veins. Risk factors for 

venous thromboembolism (VTE) include inherited (eg, factor V Leiden, prothrombin gene mutation, protein 

C deficiency) and acquired (eg, immobilization, surgery, malignancy, medications) factors. Initial 

evaluation is directed at identifying major causes of VTE or factors that can increase the risks of 

anticoagulation therapy; evaluation should include careful history, physical examination, and limited 

diagnostic testing (eg, blood counts, serum chemistries, coagulation studies, fecal occult blood testing, 

chest x-ray). 

In the absence of any clear provoking factors (eg, recent surgery, immobilization), patients with a first 

episode of VTE, such as this man, should be referred for age-appropriate cancer screening (eg, 

colonoscopy) to evaluate for malignancy as a potential risk factor for VTE. In addition, any suspicious 

symptoms of malignancy (eg, weight loss, unexplained pain) warrant consideration for more extensive 

cancer evaluation (eg, CT scan of the abdomen) (Choice B). 

(Choice C) Because of this patient's smoking history, he should be offered screening for lung cancer with 

low-dose CT scan of the chest. However, he has a normal chest x-ray and no symptoms concerning for 

lung cancer (eg, hemoptysis, cough), so positron emission tomography of the chest would not be 

appropriate. 

(Choice D) Testing for an inherited thrombophilia (eg, factor V Leiden; deficiency of protein C, protein S, or 

antithrombin Ill) is generally considered only if the patient's history is suggestive of a genetic predisposition 

(eg, recurrent VTE; multiple or unusual sites of thrombosis; family history of VTE, particularly at a young 

age). 

(Choice E) Carbohydrate antigen (CA) 19-9 and carcinoembryonic antigen are tumor markers generally 

used to trend disease progression in patients with diagnosed pancreatic and gastrointestinal tract cancer, 

respectively. They are not effective screening tests. 

Educational objective: 

In the absence of any clear provoking factors (eg, recent surgery, immobilization), patients with a first 

episode of venous thromboembolism should be referred for age-appropriate cancer screening (eg, 

colonoscopy) to evaluate for malignancy as a potential risk factor for this disease. 

References 

• Screening for occult cancer in unprovoked venous thromboembolism. 
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A 66-year-old man comes to the emergency department with acute onset of severe chest pain and 

shortness of breath. The pain is in the right upper chest and is aggravated by deep breathing and 

coughing. Medical history is significant for hypertension and obstructive sleep apnea. The patient quit 

smoking 10 years ago and drinks beer on weekends. Blood pressure is 110/70 mm Hg, pulse is 116/min 

and regular, and respirations are 22/min. BMI is 30 kg/m2 • Normal vesicular breath sounds are heard on 

auscultation of the chest. Cardiac auscultation reveals tachycardia and an accentuated S2. Chest x-ray is 

unremarkable. ECG shows sinus tachycardia. CT angiogram of the chest reveals an embolus in the right 

pulmonary artery. Which of the following is the most likely origin of this embolus? 

0 A. Calf vein (30%) 

✓O B. Femoral vein (62%) 

0 C.Renal vein (0%) 

0 D.Right atrium (6%) 

O E. Upper extremity vein (0%) 

Omitted 
Correct answer 

I I, I 62% 
L!!!!. Answered correctly 
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Explanation 
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This patient's clinical presentation (eg, acute chest pain worse with inspiration, tachycardia, S2 suggestive 

of pulmonary hypertension) with CT angiogram findings of a thrombus in the right pulmonary artery is 

diagnostic of pulmonary embolus (PE). The deep veins of the lower extremities are the most frequent 

source. Lower extremity deep vein thrombosis (DVT) is divided into 2 categories: 

• Proximal/thigh (eg, iliac, femoral, popliteal): These DVTs are the source of >90°/o of acute PEs, 

probably due to their large caliber and proximity to the lungs. 

• Distal/calf: Although most DVTs occur in the calf vein, distal/calf DVTs are less likely than 

proximal/thigh DVTs to embolize to the lungs and cause PE and they are more likely to spontaneously 

resolve (Choice A). 

(Choice C) Thrombi originating from the renal veins are most common in patients with nephrotic 

syndrome. The prevalence of PE in patients with nephrotic syndrome is 10%-30%. 

(Choice D) Thrombi originating in the right atrium are more common in patients with intracardiac devices 

(eg, pacemaker) and are less likely to occur spontaneously. 

(Choice E) Spontaneous upper extremity DVT is generally uncommon (1 %-4%) and even less likely to 

cause PE. Common risk factors for upper extremity DVT include prothrombotic state, indwelling catheter, 

and anatomical venous obstruction (eg, cervical rib, bony overgrowth after clavicular fracture). 

Educational objective: 

The proximal deep leg veins are the most common source of symptomatic pulmonary embolism. Other 

less common sources of emboli include the calf veins, renal veins, pelvic veins, upper extremity veins, and 

right heart. 

References 

• Comparison of the clinical history of symptomatic isolated distal deep-vein thrombosis vs. proximal deep 
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A 22-year-old woman comes to the emergency department due to continuous gum bleeding after a mouth 

injury a few hours ago. She was playing doubles tennis and was accidentally struck on her bottom lip by 

her partner's racquet. The patient has a history of bruising with minor trauma and of heavy menstruation 

with crampy pain. She has no other medical conditions and takes no medications other than occasional 

ibuprofen. The patient does not use tobacco, alcohol, or illicit drugs; she eats a balanced diet. Her mother 

also had a history of "bleeding issues." Blood pressure is 120/70 mm Hg and pulse is 80/min. 

Oropharyngeal examination shows blood oozing from a gum abrasion. A fading ecchymosis is present on 

the right calf, but there are no other skin abnormalities. The remainder of the physical examination is 

normal. Laboratory results are as follows: 

Complete blood count 

Hemoglobin 10.2 g/dl 

Mean corpuscular volume 76 µm 3 

Platelets 

Coagulation studies 

PT 

INR 

Activated PTT 

150,000/mm 3 

12 sec 

1 

44 sec 

Which of the following is the most likely cause of this patient's bleeding problem? 

O A. Abnormal activation of coagulation and fibrinolysis (2%) 

O B. Decreased factor VIII production (26%) 

O C.Factor VIII inhibitor production (4%) 

O D. Immune-mediated platelet destruction (1 %) 

✓O E. Impaired platelet-endothelial binding (62%) 

O F. Reduced gamma-carboxylation of vitamin K-dependent clotting factors (2%) 

Omitted 
Correct answer 

I I, I 62% 
L!!!!. Answered correctly 
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Explanation 

Platelet adhesion & activation via von Willebrand factor 
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Von Willebrand disease (vWD) is the most common inherited bleeding disorder and is typically 

transmitted in an autosomal dominant fashion. Therefore, a family history of prolonged bleeding is an 

important diagnostic clue. Most patients are asymptomatic, but a minority (~1%) have easy bruising, skin 

bleeding, and mucosal bleeding (eg, menstruation), which can occasionally result in iron deficiency 

(microcytic anemia) due to chronic blood loss. 

VWD is associated with impaired quantity/activity of von Willebrand factor (vWF), a glycoprotein 

produced by endothelial cells and platelets. VWF contributes to hemostasis by: 

1. Binding platelets to subendothelial components at the site of vascular injury and aggregating platelets 

to each other, leading to the formation of a platelet plug. Therefore, patients with vWD have impaired 

platelet-endothelial binding and platelet aggregation, which prolongs bleeding times. 

2. Acting as a carrier protein for factor VIII, which is part of the intrinsic (contact activation) coagulation 

cascade and contributes to fibrin clot formation. Because factor VIII degrades rapidly when not bound 

to vWF, patients with vWD generally have low factor VIII levels, which may prolong activated PTT. In 

contrast, PT is normal because the extrinsic coagulation pathway is unaffected. 

(Choice A) Disseminated intravascular coagulation is marked by abnormal activation of coagulation and 

fibrinolysis, leading to thrombocytopenia and prolonged PT/PTT. It is triggered primarily by malignancy, 

infection, trauma, or obstetric complication. 

(Choice B) Hemophilia A, an X-linked recessive disorder that dramatically reduces factor VIII production, 

usually causes severe bleeding episodes (eg, soft tissue bleeding, hemarthrosis). VWD does not reduce 

factor VIII production (it increases factor VI II destruction). 

(Choice C) Factor VIII inhibitors are antibodies that prevent factor VIII function; they usually form due to 

medications, autoimmune disease, malignancy, or pregnancy (postpartum period). Factor VIII inhibitors 

are much less common than vWD and are not generally associated with a family history of bleeding. 

(Choice D) Immune thrombocytopenia is associated with the autoimmune-mediated platelet destruction, 

leading to easy bleeding, petechiae, purpura, or epistaxis; laboratory examination reveals 

thrombocytopenia and normal PT/PTT. 

(Choice F) Vitamin K is a coenzyme necessary for the carboxylation of factors 11, VI I, IX, and X. Vitamin K 

deficiency/antagonists (eg, warfarin) prolong INR/PT, leading to increased bleeding risk. This patient's INR 

and PT are normal. 

Educational objective: 

Von Willebrand disease is a genetic disorder associated with impaired activity/quantity of von Willebrand 

factor, leading to poor platelet-endothelial binding and reduced factor VIII levels. Patients are usually 

asymptomatic but may have prolonged mucocutaneous bleeding, easy bruising, and prolonged PTT. 

References 
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A 45-year-old woman comes to the emergency department with left leg pain and swelling that has 

worsened over the last 2 days. The patient has no fevers, chills, dyspnea, or chest pain and has had no 

trauma to the left leg. Her medical history includes rheumatoid arthritis and gastroesophageal reflux 

disease, for which she takes low-dose methotrexate, folic acid, and omeprazole. The patient has smoked a 

pack of cigarettes daily for 10 years and does not consume alcohol. Temperature is 37 C (98.6 F), blood 

pressure is 140/80 mm Hg, pulse is 70/min, and respirations are 14/min. BMI is 30 kg/m2• The left leg is 

swollen (>4 cm) compared to the right and is warm and tender on palpation. Pitting edema is present. Her 

legs are shown in the image below. 

Which of the following is the most appropriate next step in management of this patient? 

O A.Aspirin (1%) 

O B. Blood cultures followed by antibiotics (4%) 

O C.Chest CT angiogram (2%) 

✓O D.Compression ultrasonography (58%) 

C) E. D-dimer test ( 11 % ) 

O F. Empiric anticoagulation (22%) 

Omitted 
Correct answer 

I 1, 1 58% 
L!!!!. Answered correctly 

D 

Explanation 

IT", 09 secs 
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Modified Wells criteria for pretest probability 
of deep venous thrombosis 

• Previously documented DVT 

• Active cancer 

• Recent immobilization of the legs 

Score 1 point 
• Recently bedridden >3 days 

• Localized tenderness along vein 
for each 

distribution 
feature 

present 
• Swollen leg 

• Calf swelling >3 cm compared to other leg 

• Pilling edema 

• Collateral superficial nonvaricose veins 

• Alternate diagnosis more likely (-2 points) 

Total score • 0 points = Low probability 

for clinical • 1 or 2 points = Moderate probability 

probability • ~3 points = High probability 

DVT = deep venous thrombosis. 

This patient with left leg pain and marked asymmetric swelling likely has a deep venous thrombosis 

(DVT). Rheumatoid arthritis (RA) itself is a risk factor, regardless of whether or not it is associated with 

immobilization. Other common risk factors include family history of DVT, trauma, hypercoagulable state 

(eg, underlying malignancy), and medications (eg, oral contraceptives). 

The diagnosis of DVT is based on history and physical examination findings combined with laboratory 

results and imaging. The modified Wells score is a widely used risk assessment tool for DVT. Patients 

with a score >2 (eg, pitting edema, calf swelling >3 cm compared to the other leg) are more likely to have 

DVT. In such patients, compression ultrasonography is the preferred initial test as it can be performed 

quickly in most emergency departments. 

Patients with clinical evidence of pulmonary em bolus (PE) should be started on anticoagulation if there are 

no contraindications (eg, active bleeding) while undergoing diagnostic evaluation. Those with features of 

DVT only, as in this case, should have the diagnosis confirmed prior to starting anticoagulation as 

anticoagulation itself has risks (Choice F). 

(Choice A) Anticoagulation is the preferred treatment for patients with confirmed DVT. Aspirin is used in 

patients with peripheral artery disease, which can cause atypical leg pain (without swelling or warmth) that 

is often bilateral and exacerbated by exertion. 

(Choice B) Blood cultures and empiric antibiotic therapy would be appropriate in patients with cellulitis, but 

such patients would generally also have fever (or other systemic symptoms}, extremity redness, and an 

elevated white blood cell count. Marked asymmetric swelling is also more suggestive of a DVT. 

(Choice C) Chest CT angiogram is recommended for patients with suspected PE, but this patient has no 

findings to suggest PE (eg, pleuritic chest pain, dyspnea, tachycardia, tachypnea). 

(Choice E) In patients with low pretest probability based on the Wells score, a negative D-dimer is useful 

for excluding DVT. However, D-dimer levels are not specific for DVT, and an elevated level alone is not 

sufficient to establish the diagnosis. In patients with moderate or high pretest probability (as in this patient), 

compression ultrasonography is the best next step. 

Educational objective: 

Noninvasive evaluation with compression ultrasonography is recommended as an initial test in patients with 

moderate or high probability of deep venous thrombosis. 

References 

• Diagnosis of deep venous thrombosis and pulmonary embolism. 
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A 32-year-old woman comes to the emergency department due to chest pain and shortness of breath that 

woke her up this morning. The chest pain is sharp and worsens with inspiration. The patient has had no 

fever or cough but has had worsening right leg swelling over the past several days. Review of systems is 

positive for myalgias, joint pains, and facial rash brought on by sun exposure. Medical history includes 2 

miscarriages at 12 and 16 weeks gestation. She takes no medications and does not use tobacco, alcohol, 

or illicit drugs. Temperature is 37.2 C (99 F), blood pressure is 152/86 mm Hg, pulse is 98/min, and oxygen 

saturation is 95% on room air. Physical examination shows clear lungs, normal heart sounds, and no 

abdominal organomegaly. The right lower extremity is swollen and tender to touch. CT angiography of the 

chest reveals pulmonary emboli. Which of the following additional laboratory findings is most likely to be 

present in this patient? 

O A. Absent von Willebrand factor (0%) 

O B. Decreased D-dimer level (3%) 

O C. Positive factor V Leiden mutation (30%) 

O D.Presence of JAK2 mutation (7%) 

✓O E.Prolonged PTT (58%) 

Omitted 
Correct answer 

E 

Explanation 

I 1,1 SB% 
L!!!!. Answered correctly 

(i'\ 04 secs 
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Diagnostic criteria for antiphospholipid

antibody syndrome 

(1 clinical & 1 laboratory criterion must be met) 

Vascular thrombosis 

• Arterial or venous thrombosis 

Pregnancy morbidity 

• >3 consecutive, unexplained fetal 

losses before 10th week 

Clinical • >1 unexplained fetal losses after 

10th week 

• >1 premature births of normal 

neonates before 34th week due to 

preeclampsia, eclampsia, placental 

insufficiency 

• Lupus anticoagulant 

Laboratory • Anticardiolipin antibody 

• Anti-beta-2 glycoprotein antibody 

F==I 05/17/2021 
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This patient has pulmonary emboli due to a right lower extremity deep venous thrombosis (DVT). 

Although risk of DVT is increased in several inherited and acquired conditions, this patient's history of fetal 

loss and signs of systemic lupus erythematosus (eg, myalgias, arthralgias, photosensitivity) suggest 

antiphospholipid-antibody syndrome (APS). 

APS is characterized by the following: 

• Venous, arterial, or small vessel thromboembolic disease and/or pregnancy complications such as 

fetal loss 

• Laboratory evidence of an antiphospholipid antibody in the serum: lupus anticoagulant (LA), 

anticardiolipin antibody, and/or beta2-glycoprotein-l antibody 

Patients with antiphospholipid antibodies (particularly LA) generally have prolonged PTT because 

antiphospholipid antibodies bind the phospholipids used in most testing assays and prevent them from 

inducing coagulation. This laboratory artifact will not be fixed by a 1 :1 mixing with normal plasma (unlike 

coagulation factor deficiency). However, adding phospholipids to the testing assay will eventually 

overcome the presence of the inhibitor and normalize the PTT. This is an indirect way of identifying LA 

antibodies; it is usually combined with other tests, such as the diluted Russell viper venom test or the kaolin 

clotting time test for diagnosis. 

(Choice A) Patients with rheumatologic disease can develop autoantibodies to von Willebrand factor, 

leading to acquired von Willebrand disease (vWD). Acquired vWD is generally marked by easy bruising 

and mucosal bleeding (eg, epistaxis, gum bleeding, heavy menses), but fetal loss and thrombosis would be 

atypical. 

(Choice B) D-dimer is a product of cross-linked fibrin degradation. Therefore, almost all patients (>95%) 

with ongoing thrombosis have elevated D-dimer levels. Low D-dimer would be highly unusual in the setting 

of pulmonary emboli and deep vein thrombosis. 

(Choice C) Factor V Leiden mutation is an altered form of coagulation factor V that renders it resistant to 

the anticoagulant effects of activated protein C. Risk of thromboembolism and fetal loss is significantly 

increased, but factor V Leiden mutation is not linked with systemic lupus erythematosus and would not 

explain this patient's arthralgias, myalgias, and photosensitivity. 

(Choice D) JAK2 mutation is present in most cases of polycythemia vera, which is associated with 

increased risk of thromboembolism. However, most cases occur in older individuals; in addition, it would 

not explain photosensitivity, myalgias, or arthralgias. 

Educational objective: 

Antiphospholipid-antibody syndrome is common in patients with systemic lupus erythematosus. It 

generally presents with thromboembolism and/or recurrent fetal loss. Positive testing for lupus 

anticoagulant (LA), anticardiolipin antibody, and/or beta2-glycoprotein-l antibody is diagnostic. Those with 

LA have prolonged PTT that does not improve with 1 :1 dilution with normal serum (mixing test). 

References 
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A 5-year-old boy is brought to the emergency department by his mother's boyfriend for evaluation of thigh 

pain. This morning, the patient bumped into the edge of a table in the living room and now has swelling 

and pain in the right thigh. Family history is significant for a maternal uncle who died after developing 

intracranial hemorrhages from a minor head injury last year. Examination shows an uncomfortable

appearing boy with marked ecchymoses and swelling over the right quadriceps. Which of the following will 

most likely be found on further history and examination of this patient? 

✓O A. Episodes of joint pain with swelling (63%) 

O B. Old, healed rib fractures (12%) 

O C.Pinpoint red spots on extremities (5%) 

O D.Red papules on the trunk and lips (2%) 

O E. Sister with heavy menstrual bleeding (16%) 

Omitted 
Correct answer 

I 1,1 63% 
L!!!!. Answered correctly 

A 

Explanation 

(i'\ 04 secs 
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Hemophilia A & B 

Inheritance • X-linked recessive 
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• Delayed/prolonged bleeding after mild trauma 

Clinical 
o Hemarthrosis, intramuscular hematomas 

features 
o Gastrointestinal or genitourinary tract bleeding 

o lntracranial hemorrhage 

• Complications: hemophilic arthropathy 

• i Activated PTT 

Laboratory • Normal platelet count & PT 

findings • Absent or l factor VIII {hemophilia A) or factor IX 

{hemophilia B) activity 

Treatment 
• Factor replacement 

• Desmopressin for mild hemophilia A 

This patient's thigh hematoma after minor trauma and family history of a bleeding disorder in a maternal 

uncle are concerning for hemophilia. Hemophilia is an X-linked recessive bleeding disorder due to 

deficiency of factor VIII {hemophilia A) or factor IX {hemophilia B). The most common sites of bleeding are 

the joints (80%), especially the knee. Hemarthrosis presents with joint pain and swelling after minimal 

or no trauma, and episodes typically begin during toddlerhood when the child is ambulatory. Hemorrhage 

into the skeletal muscle (ie, hematoma) after minor trauma is also common. 

Characteristic laboratory findings include a prolonged PTT and decreased or absent factor VIII or IX 

activity. Treatment involves replacing the missing factor with a recombinant or purified product. 

(Choice B) Posterior rib fractures are a red flag for child abuse. However, bruising on an extremity, as 

seen in this child, is often unintentional. Suspicious bruises include those that are patterned (eg, belt 

buckle, hand) or located on the neck, ear, torso, and buttocks. 

(Choice C) Petechiae (pinpoint red spots) are a result of broken capillaries and are associated with 

platelet disorders. Platelet disorders can present with mucosal bleeding but do not typically cause bleeding 

into muscle. 

(Choice D) Red papules on the trunk and lips represent cutaneous arteriovenous malformations. They 

can be seen in hereditary telangiectasia, an autosomal dominant disorder characterized by recurrent 

epistaxis and telangiectasias. Patients with hereditary telangiectasia are not predisposed to skeletal 

muscle hematomas. 

(Choice E) Heavy menstrual bleeding is common in women with van Willebrand disease. Abnormalities in 

platelet plug formation lead to prolonged mucosal bleeding (eg, oropharyngeal, gastrointestinal, uterine), 

but bleeding into deep tissue is not seen. 

Educational objective: 

Hemophilia is an X-linked recessive bleeding disorder that can present with recurrent hemarthrosis and 

skeletal muscle hematoma after minor trauma. 

References 

• Hemophilia: in review. 
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A 42-year-old mildly overweight man is being evaluated for his second episode of deep vein thrombosis in 

2 years. Both episodes appear to have been unprovoked. He has no recent prolonged immobility, long

distance travel, or lower-extremity trauma. The patient has no past medical history of diabetes, cancer, or 

liver disease. A thrombophilia workup is ordered. Use of which of the following drugs is most likely to lead 

to low protein S levels? 

O A.Aspirin (0%) 

Q B.Clopidogrel (1%) 

O C.Heparin (4%) 

0 D.Simvastatin (2%) 

✓O E. Warfarin (90%) 

Omitted 
Correct answer 

E 

Explanation 

I 1,1 eo% 
L!!!!. Answered correctly 
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Anticoagulants mechanisms of action 

, Intrinsic pathway J 

XII ----. Xlla 

l 
XI--➔ Xia 

IX 
l 

--➔ IXa 

l 

Extrinsic pathway ] 

Tissue factor 

VII 
l 

--➔ VIia 

X --------+ Xa 

Factors targeted by: 

Heparins• 
(eg, LMW heparin) 

Vitamin K antagonists 
(eg, warfarin) 

II Ila 
(Thrombin) 

l 
Fibrinogen --+ Fibrin 

Factor Xa inhibitors 

Direct 
• Rivaroxaban (oral) 
• Apixaban (oral) 
Indirect 
• Fondaparinux 

Direct thrombin 
inhibitors 

• Argatroban 
• Bivalirudin 
• Dabigatran (oral) 

'Major mechanism of action; antithrombin Ill has some inhibition on all activated coagulation factors. 
L MW = low molecular weight. 

Warfarin is a coumarin anticoagulant most commonly used in the setting of thrombophilia and cardiac 

conditions that predispose to intracardiac thrombus formation. Warfarin functions by inhibiting synthesis of 

the vitamin K-dependent clotting factors II, VII, IX, and X, as well as the vitamin K-dependent anticoagulant 

proteins C and S. As a result, it can cause a decrease in measured levels of protein S. This may lead to 

an incorrect diagnosis of inherited protein S deficiency. If possible, vitamin K antagonists such as warfarin 

should be discontinued for 2 weeks prior to evaluating protein S levels. 

(Choice A) Aspirin is an antiplatelet agent that inhibits cyclooxygenase-1, thereby inhibiting thromboxane 

A2 synthesis. 

(Choice B) Clopidogrel is an antiplatelet agent that prevents platelet activation by blocking adenosine 

diphosphate receptors on the surface of platelets. 

(Choice C) Heparin activates antithrombin Ill, which in turn inactivates factor Ila (thrombin), factor IXa, and 

factor Xa. 

(Choice D) Simvastatin is a lipid-lowering agent that functions by inhibiting 3-hydroxy-3-methylglutaryl

coenzyme reductase. 

Educational objective: 

Warfarin is an anticoagulant agent that functions by inhibiting the synthesis of vitamin K-dependent factors 

11, VI I, IX, and X, protein C, and protein S. 

References 

• Pitfalls in special coagulation testing: three illustrative case studies. 

• Protein S abnormalities: a diagnostic nightmare. 
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A 32-year-old man comes to the emergency department due to a day of worsening pain and swelling in his 

right leg. He has no fever, chest pain, or shortness of breath. The patient was hospitalized 2 weeks ago 

for right lower extremity deep vein thrombosis after a minor sports injury; he was discharged on warfarin. 

When he left the hospital, his INR was 2.2 (goal: 2-3). The patient has been taking warfarin daily; 

however, due to a busy work schedule, his dietary intake has been variable and last week he missed his 

clinic appointment for anticoagulation monitoring. He has no other medical problems. Blood pressure is 

120/70 mm Hg, pulse is 70/min, and respirations are 14/min. Examination shows moderate pretibial 

edema in the right leg. Today, his INR is 1.3. Platelet count, creatinine, and liver function tests are within 

normal limits. Venous Doppler ultrasound shows a right popliteal vein thrombus that extends into the 

femoral vein and is worse than on previous ultrasound. What is the best next step in management of this 

patient? 

O A. Increase warfarin dose and follow up in 3 days (12%) 

O B. Initiate thrombolytic therapy (22%) 

O C.Place inferior vena cava filter (25%) 

✓O D.Replace warfarin with rivaroxaban (38%) 

O E.Start low-dose aspirin (1%) 

Omitted 
Correct answer 

I 1,1 38% 
L!!!!. Answered correctly 

D 

Explanation 

(i'\ 04 secs 
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Treatment of acute deep venous thrombosis/pulmonary embolism 

Oral factor Xa inhibitors Warfarin 

Mechanism of action Direct factor Xa inhibition Vitamin K antagonism 

Therapeutic onset 2-4 hours 5-7 days 

Overlap needed? No Yes, overlap with UFH or LMWH for ~5 days 

Laboratory monitoring No Prothrombin time/lNR 

LMWH = low-molecular-weight heparin; UFH = unfractionated heparin. 

This patient was recently diagnosed with deep vein thrombosis (DVT). He has been compliant with 

taking his warfarin, but his schedule has prevented proper anticoagulation monitoring; his DVT has now 

progressed in the setting of a subtherapeutic INR. The risk of pulmonary embolism (PE) is higher with 

proximal (eg, femoral vein, iliac vein) than distal (eg, below the knee) DVT; therefore, he needs immediate 

anticoagulation. 

Oral direct factor Xa inhibitors (eg, rivaroxaban, apixaban) are as effective as warfarin in the treatment of 

acute DVT or PE and do not increase the risk of bleeding complications. These drugs have the advantage 

of rapid onset of action, no requirement for laboratory (eg, INR) monitoring, and no requirement for 

overlap therapy with heparin. Therefore, these agents are becoming preferred for the treatment of acute 

DVT and PE. These drugs are an especially good option in patients who have difficulty with the dietary 

restrictions or frequent INR monitoring required with warfarin. 

(Choice A) In this patient with a worsening DVT and an INR of <2.0, it is not appropriate to increase the 

warfarin dose without overlapping with heparin anticoagulation. In addition, if this patient remains on 

warfarin, it is likely that his diet and schedule will continue to cause issues with maintaining a therapeutic 

INR. 

(Choice B) Thrombolytic therapy is typically reserved for hemodynamically unstable patients with PE. 

Less commonly, it is used for massive proximal DVT associated with significant symptomatic swelling 

and/or limb ischemia. It is not indicated in this patient with moderate pretibial edema and absence of 

hypotension and tachycardia. 

(Choice C) Anticoagulation failure (eg, recurrent or extending thromboembolism while fully anticoagulated) 

or anticoagulation contraindication (eg, active bleeding) are indications for inferior vena cava filter 

placement. This patient is not considered to have anticoagulation failure as his INR is grossly 

subtherapeutic (he is not fully anticoagulated). 

(Choice E) Aspirin is inadequate for the treatment of acute DVT. 

Educational objective: 

Oral direct factor Xa inhibitors (eg, rivaroxaban, apixaban) have similar efficacy to warfarin in the treatment 

of acute venous thromboembolism and do not increase the risk of bleeding complications. These drugs do 

not require laboratory monitoring or overlap therapy with heparin and are becoming preferred agents for the 

treatment of acute venous thromboembolism. 

References 

• Oral rivaroxaban versus standard therapy for the treatment of symptomatic venous thromboembolism: a 

pooled analysis of the EINSTEIN-DVT and PE randomized studies. 

• Oral apixaban for the treatment of acute venous thromboembolism. 
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A 30-year-old man comes to the office due to 2 days of right arm pain, swelling, and heaviness. The 

symptoms are worse with activity or arm elevation above the head and improve with rest. The patient is an 

avid weight lifter and plays recreational baseball. Several hours prior to the onset of symptoms, he pitched 

6 innings in a baseball game. He has no prior medical conditions and takes no medications. The patient 

does not use tobacco, alcohol, or illicit drugs. Vital signs are normal. Examination shows swelling and 

redness of the right arm from the elbow to the shoulder. Capillary refill is normal. What is the most likely 

cause of this patient's current symptoms? 

✓O A. Deep vein thrombosis (23%) 

O B. Hypertrophic cardiomyopathy (0%) 

0 C.Lymphedema (28%) 

O D.Medial epicondylitis (23%) 

O E. Superficial thrombophlebitis (25%) 

Omitted 
Correct answer 

I 1,1 23% 
L!!!!. Answered correctly 

A 

Explanation 

(T"\ 03 secs 
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Upper extremity deep venous thrombosis 

• Central venous catheters 

Risk factors 
• Repetitive arm motions (eg, baseball pitching) 

• Weight lifting 

• Malignancy 

• Acute arm edema, heaviness, pain & erythema 
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Manifestations • Dilated subcutaneous collateral veins in chesUupper extremity 

• Pulmonary embolism 

Diagnosis • Duplex or doppler ultrasonography 

Treatment 
• 3 months of anticoagulation 

• Thrombolysis (non-catheter-related) 

This young patient with acute right arm pain, swelling, and heaviness likely has upper extremity deep 

venous thrombosis (DVT}. Although the vast majority of upper extremity DVTs arise in the setting of 

central catheters (eg, peripherally inserted central catheter), otherwise healthy patients can occasionally 

develop spontaneous DVT due to thoracic outlet abnormalities that compress or injure the axillosubclavian 

vein. Young, athletic men are at greatest risk because most cases are linked to hypertrophy of the 

scalene/subclavius muscles from weight lifting or damage to the vein from repetitive overhead arm 

motions (eg, baseball throwing, rowing). Congenital abnormalities of the thorax (eg, cervical rib) can also 

occasionally lead to spontaneous DVT. 

Manifestations tend to arise in the dominant arm within hours of strenuous activity (eg, pitching a baseball 

game). Patients usually have acute upper extremity swelling, heaviness, and pain. The pain often 

improves with rest and arm elevation to the level of the heart; arm elevation above the head typically 

worsens symptoms (as in this patient). Diagnosis is generally made with Doppler or duplex 

ultrasonography. Thrombolysis and/or 3 months of anticoagulation are generally required; surgical thoracic 

outlet decompression may also be necessary. 

(Choice B) Hypertrophic cardiomyopathy is a genetic disorder associated with mutations to sarcomere 

genes. Most patients are asymptomatic but risk of sudden cardiac death, heart failure, and stroke are 

increased. Although low ejection fraction hypertrophic cardiomyopathy can cause edema, most patients 

have lower extremity edema and other signs of cardiac congestion (eg, dyspnea). 

(Choice C) Upper extremity lymphedema causes unilateral arm swelling, but most cases arise following 

surgical resection of axillary lymph nodes (eg, lymph node dissection for breast cancer). Lymphedema is 

usually chronic, not acute. 

(Choice D) Medial epicondylitis ("golfers elbow") can sometimes occur in pitchers. Although it often 

results in arm pain, the pain is localized to the medial elbow; it would not cause arm edema and erythema 

from the elbow to the shoulder. 

(Choice E) Superficial thrombophlebitis is generally marked by localized pain and swelling along the path 

of the vein. This patient with arm edema, heaviness, and pain that is worse with exertion more likely has 

DVT. 

Educational objective: 

Spontaneous upper extremity deep venous thrombosis most often occurs in young, athletic men who lift 

weights or engage in activities that have repetitive overhead arm motions (eg, pitching a baseball game). It 

is marked by acute arm swelling, heaviness, and pain. Treatment generally requires thrombolysis and/or 3 

months of anticoagulation. 
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A 30-year-old white man comes to the emergency department with shortness of breath that began this 

morning. The patient has no chest pain, fevers, or chills. His medical history is insignificant, and he 

describes himself as healthy. He does not use tobacco or alcohol. The patient is physically active and has 

not traveled recently. His father died of a heart attack at age 45. Temperature is 36.1 C (97 F), blood 

pressure is 110/80 mm Hg, and pulse is 104/min. Chest auscultation indicates normal vesicular breath 

sounds. There are no heart murmurs. There is mild swelling of the right lower leg. ECG shows sinus 

tachycardia but is otherwise unremarkable. Laboratory results are as follows: 

Prothrombin time 

Partial thromboplastin time 

(activated) 

D-dimer 

13 sec 

30 sec 

1200 ng/mL (normal: 

<500 ng/mL) 

Which of the following is the most likely contributor to this patient's current condition? 

✓O A.Activated protein C resistance (48%) 

O B.Antiphospholipid antibodies (13%) 

O C.Antithrombin deficiency (30%) 

O D. Beta-thalassemia trait ( 1 % ) 

O E. Increased prothrombin biosynthesis (5%) 

Omitted 
Correct answer 

A 

Explanation 

I 1,1 48% 
L!!!!. Answered correctly 
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Hereditary thrombophilias" 

Factor V • Most common in those of white ethnicity 
Leiden • Activated protein C resistance 

Prothrombin • 2nd most common in those of white ethnicity 
mutation • t Prothrombin levels 

Antithrombin • Inherited form is rare 
deficiency • Acquired: DIC, cirrhosis, nephrotic syndrome 

Protein C or • j Inactivation of factors Va & VIiia 
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S deficiency • Warfarin-induced skin necrosis (protein C only) 

"Typically autosomal dominant with variable penetrance; 
DIC = disseminated intravascular coagulation. 

©UWo~d 

Shortness of breath, right leg swelling, and sinus tachycardia with an elevated D-dimer are concerning for a 

pulmonary embolism (PE) that began as a deep venous thrombosis (DVT). The patient is young and 

has no obvious risk factors (eg, immobility, recent travel, trauma), so a hypercoagulable disorder should 

be considered. Testing is recommended in young (age <45) patients with a first-time unprovoked DVT/PE, 

patients with recurrent DVT/PE, and patients with unusual sites of thrombi (eg, cerebral, mesentery, portal 

veins). 

The most commonly found disorder is factor V Leiden (FVL), especially in Caucasian patients (4%-5°/o 

prevalence). Most patients with FVL have an autosomal dominant point mutation in the gene for factor V 

that makes it unable to respond to activated protein C, an innate anticoagulant. This mutation leads to 

slowed degradation of procoagulant active factor V, leading to continued thrombin formation and to slowed 

degradation of active factor VIII. Prothrombin time and activated partial thromboplastin time can be normal 

as the major procoagulant effects are due to continued thrombin formation; the elements of the coagulation 

cascade that can be assessed by these laboratory tests are less likely to be predominantly affected. 

Patients who inherit FVL are at an increased risk for DVT and PE, although not all express this phenotype 

as most are heterozygous. Those who are homozygous are at an even greater risk. 

(Choice B) Antiphospholipid antibodies (aPLAb) cause venous and arterial thrombi, generally in patients 

with underlying conditions (eg, lupus). These patients usually have a prolonged activated partial 

thromboplastin time that fails to correct on a mixing study due to the presence of a PL Ab acting as an 

inhibitor. 

(Choice C) Antithrombin (AT) deficiency is usually acquired in the setting of disseminated intravascular 

coagulation, cirrhosis, or nephrotic syndrome. This patient has no evidence of any of these conditions. 

Inherited AT deficiency is rare. 

(Choice D) Patients with beta-thalassemia trait are generally asymptomatic and are not at increased risk 

for DVT/PE. Several studies have demonstrated that beta-thalassemia trait offers some protection against 

arterial thrombi due to lower blood viscosity from microcytic anemia. 

(Choice E) Increased prothrombin biosynthesis is from a prothrombin gene mutation, an autosomal 

dominant disorder that leads to the second-most common inherited thrombophilia, with especially high 

prevalence (2%) in Caucasian patients. It is less common than FVL. 

Educational objective: 

Factor V Leiden is the most commonly inherited hypercoagulable disorder in the Caucasian population, 

leading to increased risk of thrombosis. Testing should be considered for an unprovoked first-time 

thrombus in young (age <45) patients or those with an unusual site of thrombus. 

References 

• The anticoagulant function of coagulation factor V. 

• Impaired APC cofactor activity of factor V plays a major role in the APC resistance associated with the 

factor V Leiden (R506Q) and R2 (H 1299R) mutations. 

• Factor V Leiden thrombophilia. 

Medicine 

Subject 

Hematology & Oncology 

System 

Inherited thrombophilia 

Topic 

MedicalBooksVN.com 



A 15-year-old boy with cystic fibrosis is brought to the emergency department for epistaxis. He first noticed 

intermittent nose bleeds a few days ago after a week of nasal congestion with low-grade fever. The 

bleeding worsened today and has been difficult to control. The patient has also had easy bruising for the 

past 2 months. He has not been taking his prescribed medications. Temperature is 37 C (98.6 F), blood 

pressure is 108/72 mm Hg, pulse is 90/min, and respirations are 18/min. The patient is alert and 

cooperative. There is active bleeding from the left naris. The pupils are equal and reactive. Breath sounds 

are coarse bilaterally, and cardiac examination is unremarkable. The abdomen is soft and nontender with 

no organomegaly. Strength and sensations are 5/5. Reflexes are equal bilaterally, and gait appears 

normal. Skin examination shows diffuse bruises along the extremities. Which of the following is the most 

likely cause of this patient's symptoms? 

✓O A. Absent coagulation factor activation (53%) 

O B. Increased coagulation factor consumption (6%) 

O C.lncreased platelet sequestration (10%) 

O D. Reduced von Willebrand factor cleaving enzyme activity (13%) 

O E.Vitamin C malabsorption (15%) 

Omitted 
Correct answer 

A 

Explanation 

Risk 

factors 

I 1,1 53% 
L!!!!. Answered correctly 
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Vitamin K deficiency 

• Inadequate dietary intake (eg, malnutrition) 

• Disorders of fat malabsorption 

o Cystic fibrosis 

o Biliary atresia 

• Disorders of intestinal inflammation 

o Celiac disease 

o Inflammatory bowel disease 
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• Decreased production by bacterial flora (eg, frequent antibiotic use) 

Clinical 
• Easy bruising 

features 
• Mucosal bleeding 

• Gastrointestinal bleeding 

Laboratory • i PT & INR 

findings • If severely deficient, j PTT 

This patient with cystic fibrosis (CF) has bruising and epistaxis likely due to deficiency of vitamin K, a fat

soluble vitamin. Patients with CF are at increased risk for vitamin K deficiency because defective 

chloride transport causes viscous exocrine secretions to block pancreatic ducts, leading to pancreatic 

insufficiency. Impaired secretion of pancreatic enzymes (eg, lipase) results in the malabsorption of fats 

and fat-soluble vitamins (ie, A, D, E, and K). In patients with CF, nonadherence to pancreatic enzyme 

replacement and fat-soluble vitamin supplementation, as seen here, increases the risk of bleeding 

diatheses. 

Because vitamin K normally acts as an important cofactor in the hepatic activation of coagulation factors 11, 

VII, IX, and X, deficiency results in low levels of activated vitamin K-dependent coagulation factors. PT 

is prolonged due to deficiency of activated factor VII; activated PTT is typically normal but can be prolonged 

with severe deficiency. 

Symptoms include easy bruising and mucosal bleeding (eg, epistaxis), as seen in this patient. Acute 

bleeding due to vitamin K deficiency is treated with vitamin K replacement. 

(Choice B) Increased coagulation factor consumption, as seen with disseminated intravascular 

coagulation, can cause mucosal bleeding but is triggered by an underlying condition such as sepsis, 

trauma, or malignancy, none of which are present in this patient. 

(Choice C) Increased platelet sequestration occurs with hypersplenism, which is common with sickle cell 

disease and leukemia but not CF. In addition, patients with hypersplenism have an enlarged spleen, which 

is not seen in this patient. 

(Choice D) Reduced activity of ADAMTS 13, the enzyme that cleaves von Willebrand factor, describes the 

pathogenesis of thrombotic thrombocytopenic purpura (TTP), an acute and rapidly progressive disorder. 

Although TTP can cause acute bleeding, chronic bruising would not be expected. In addition, abdominal 

pain and neurologic symptoms (eg, confusion) are often present but are not seen here. 

(Choice E) Deficiency of vitamin C can cause easy bruising and bleeding, but because it is not a fat

soluble vitamin, patients with CF are not at risk for vitamin C malabsorption. 

Educational objective: 

Patients with cystic fibrosis are at risk for fat-soluble vitamin (ie, A, D, E, and K) deficiency due to fat 

malabsorption from pancreatic insufficiency. Vitamin K is an important cofactor in coagulation factor 

activation; deficiency causes easy bruising and mucosal bleeding. 

References 

• Routine use of daily oral vitamin K to treat infants with cystic fibrosis. 

• ESPEN-ESPGHAN-ECFS guidelines on nutrition care for infants, children, and adults with cystic 

fibrosis. 
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A 54-year-old woman with a long history of hypertension and mild rheumatic mitral stenosis comes to the 

emergency department for severe skin changes. She was recently diagnosed with atrial fibrillation, and 

was initiated on warfarin therapy by her physician several days ago. The patient's other medications 

include hydrochlorothiazide and metoprolol. On physical examination, her temperature is 36. 7 C (98 F), 

blood pressure is 130/80 mm Hg, pulse is 80/min and irregular, and respirations are 16/min. The skin 

changes are imaged below. Cardiac examination reveals a faint mid-diastolic murmur. The rest of the 

examination is unremarkable. Which of the following is the primary cause of this patient's clinical 

presentation? 

O A. Anti-platelet factor 4 antibodies (6%) 

O B.Antithrombin Ill deficiency (4%) 

O C.Factor V Leiden (3%) 

O D.Factor VII deficiency (4%) 

✓O E. Protein C deficiency (80%) 

Omitted 
Correct answer 

I 1,1 BO% 
L!!!!. Answered correctly 

E 

Explanation 
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This patient's presentation suggests warfarin-induced skin necrosis, a condition that typically occurs within 

the first few days of warfarin therapy (usually at large loading doses). Warfarin inhibits production of 

vitamin K-dependent clotting factors 11, VII, IX, and X. It also inhibits production of the natural 

anticoagulants proteins C and S. This decreases protein C anticoagulant activity to 50% within the first day 

while levels of procoagulant factors (II, IX, and X) decline more slowly, leading to a transient 

hypercoagulable state. This increases the risk for venous thromboembolism and skin necrosis, especially 

in patients with underlying hereditary protein C deficiency. 

Skin lesions typically occur on the extremities, breast, trunk, and penis and marginate over a period of 

hours. If left untreated, affected areas become edematous, purpuric, and ultimately necrotic. Treatment 

involves immediate cessation of warfarin and administration of protein C concentrate. 

(Choice A) Heparin-induced thrombocytopenia (HIT} is caused by autoantibodies to platelet factor 4 (PF4) 

complexed with heparin, and is characterized by thrombocytopenia, arterial or venous thrombosis, and 

necrotic skin lesions at heparin injection sites within 5-10 days of therapy. This patient has had no 

exposure to heparin products. 

(Choice B) Antithrombin Ill is a vitamin K-independent inhibitor of the clotting cascade. Antithrombin Ill 

deficiency predisposes to thrombus formation. 

(Choice C) Factor V Leiden mutation increases the risk for venous thromboembolism (deep venous 

thrombosis or pulmonary embolism). It also increases the risk for cerebral, mesenteric, and portal vein 

thrombosis. These patients are treated with anticoagulants, and initiation of warfarin should not cause 

unusual hypercoagulability. 

(Choice D) Factor VII deficiency causes a bleeding diathesis characterized by bruising and hemorrhage. 

In contrast, this patient has skin necrosis that is the result of a prothrombotic state. 

Educational objective: 

Warfarin-induced skin necrosis typically occurs within the first few days of warfarin therapy. It is caused by 

a rapid decline in protein C levels, usually in patients with underlying hereditary protein C deficiency. 

Treatment involves immediate warfarin cessation and administration of protein C concentrate. 

References 

• Warfarin-induced skin necrosis. 
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A 62-year-old hospitalized woman is evaluated for worsening skin lesions. She was admitted 6 days ago 

for elective coronary artery bypass grafting due to extensive coronary artery disease. The surgery was 

uncomplicated, and the patient was extubated on hospital day 2. She has recovered well, but yesterday 

she noticed red patches on her abdomen that progressed to purple lesions today. The patient has a history 

of non-ST elevation myocardial infarction, type 2 diabetes mellitus, hypertension, and hyperlipidemia. She 

is receiving low-dose subcutaneous heparin for prophylaxis of deep venous thrombosis and has not 

received any oral anticoagulation. Temperature is 37.1 C (98. 7 F), blood pressure is 130/82 mm Hg, and 

heart rate is 90/min. Cardiopulmonary examination reveals patchy rales and normal heart sounds. The 

sternal surgical site is healing well. Several large purple/black patches are seen in the periumbilical area, 

surrounded by erythema. Peripheral pulses are normal. Neurologic examination is unremarkable. Which 

of the following is the most likely cause of this patient's skin lesions? 

O A.Acquired deficiency of protein C (11%) 

✓O B.Antibodies against a platelet component (61 %) 

O C.Delayed-type hypersensitivity reaction (7%) 

O D.Embolization of cholesterol (17%) 

O E. Reactivation of a latent virus (1 %) 

Omitted 
Correct answer 

I 1,1 61% 
L!!!!. Answered correctly 

B 

Explanation 
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Clinical features of type 2 heparin-induced thrombocytopenia 

Suspected with heparin exposure >5 days & any of the following: 

Clinical • Platelet count reduction >50% from baseline 

signs • Arterial or venous thrombosis 
• Necrotic skin lesions at heparin injection sites 
• Acute systemic (anaphylactoid) reactions after heparin 

Diagnostic • Serotonin release assay: Gold standard confirmatory test 
evaluation • Start treatment in suspected cases prior to confirmatory tests 

• Stop ALL heparin products 
Therapy • Start a direct thrombin inhibitor (eg, argatroban) or fondaparinux 

(synthetic pentasaccharide) 

©UWorld 

Heparin-induced thrombocytopenia {HIT} is a life-threatening complication of heparin therapy. Heparin 

induces a conformational change in a platelet surface protein (platelet factor 4 ), which exposes a 

neoantigen. In patients with HIT, HIT antibodies form in response to the neoantigen and bind to the 

surface of platelets, causing platelet aggregation, thrombocytopenia (or drop in platelets >50%), and a 

prothrombotic state. In patients receiving heparin subcutaneously (eg, enoxaparin), a classic thrombotic 

complication of HIT is skin necrosis at the abdominal injection site. 

HIT is diagnosed by immunoassay (only if high titer) or functional assay (eg, serotonin release assay [gold 

standard]). Treatment involves immediately discontinuing all heparin products (including heparin flushes) 

and initiating an alternate anticoagulant (eg, argatroban, fondaparinux). If HIT is suspected, treatment 

should not be delayed for laboratory confirmation as the risk of venous and arterial thrombosis is as high as 

50% in untreated HIT. 

(Choice A) Warfarin is an oral anticoagulant that can cause an acquired protein C deficiency, which may 

manifest as skin necrosis. However, this patient has not received any oral anticoagulation. Warfarin is 

often used for chronic anticoagulation maintenance in HIT but not until argatroban or fondaparinux are 

initiated and platelets are >150,000/mm 3 • 

(Choice C) Delayed hypersensitivity reactions typically cause skin erythema, vesicles, or bullae. More 

severe reactions are associated with systemic symptoms, such as fever. This patient has necrotic lesions 

likely at the site of her low-molecular-weight heparin injections, making HIT much more likely. 

(Choice D) Cholesterol embolization can occur due to plaque embolization into small arteries following 

coronary angiography. Cholesterol embolization classically causes skin findings (eg, livedo reticularis 

[mottled erythema], gangrene, cyanosis) that most commonly affect the lower extremities. With necrotic 

lesions on the abdominal wall, HIT is much more likely. 

(Choice E) Viral reactivation is common with herpes zoster. Lesions are typically unilateral, in a single 

dermatome, and quite painful. They tend to be vesicular, not necrotic. 

Educational objective: 

Heparin-induced thrombocytopenia {HIT} should be suspected in patients on heparin who develop 

thrombocytopenia or thrombotic complications. In patients receiving heparin subcutaneously (eg, 

enoxaparin), a classic thrombotic complication is skin necrosis at the abdominal injection site. HIT is 

treated by discontinuing all heparin products and initiating an alternate anticoagulant (eg, argatroban, 

fondaparinux). 
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