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Question # 1

A 5-year-old boy is brought to the physician by his parents because of a 6-week history of increased
tiredness, irritability, and worsening leg pain. His parents report that he has been reluctant to walk
recently because of the pain in his legs. Examination shows conjunctival pallor and diffuse petechiae.
There are palpable, nontender posterior cervical and axillary lymph nodes. His hemoglobin

concentration is 8.9 g/dL, leukocyte count is 45 ,750/mm3, and platelet count is 25,000/mm3. A bone
marrow aspiration shows numerous immature cells that stain positive for CD10, CD19, and terminal
deoxynucleotidyl transferase (TdT). Which of the following translocations is associated with a favorable
prognosis for this patient's condition?

Answer || Image

A | w12:21)
B | t(15;17)
C || 8;14)

D | t(14;18)

E | t9:22)
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Hint

Fatigue, bone pain, painless lymphadenopathy, and laboratory findings of anemia, thrombocytopenia,
and leukocytosis should raise suspicion for acute leukemia. The bone marrow aspirate showing
immature cells positive for CD10, CD19, and TdT confirms a diagnosis of precursor

B-cell acute lymphoblastic leukemia (B-ALL).
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Correct Answer

Explanation Why

Translocation t(12;21) is the most common chromosomal rearrangement in childhood B-ALL and is
associated with a favorable prognosis. Further positive prognostic factors are a leukocyte count <

SO,OOO/mm3 , no central nervous system involvement, and hyperploidy. Factors associated with a
poor prognosis include a Philadelphia translocation t(9;22) and age < 1 year or > 10 years. 85% of
children with ALL achieve complete remission with chemotherapy.

B - t(15;17)

Explanation Why

Translocation t(15;17) is associated with acute myeloid leukemia (particularly acute promyelocytic
leukemia, or APL), the most common kind of acute leukemia in adults. This translocation alters the
retinoic acid receptor, preventing myeloblast differentiation from occurring under physiologic levels
of retinoic acid. High doses of all-trans retinoic acid may induce remission by causing malignant
cells to mature. Thus, t(15;17) is a favorable prognostic factor in patients with APL. However, this
patient has B-ALL, which is not typically associated with this translocation.

C - t(8;14)

Explanation Why

Translocation t(8;14) is associated with Burkitt lymphoma, an aggressive non-Hodgkin lymphoma
typically manifesting in children and young adults as a rapidly expanding jaw mass. This patient has
B-ALL, which is not typically associated with this translocation.
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D - t(14;18)

Explanation Why

Translocation t(14;18) is associated with follicular lymphoma as well as diffuse large B-cell
lymphoma, the most common non-Hodgkin lymphoma in adults. This patient has B-ALL, which is
not typically associated with this translocation.

E - 1(9;22)

Explanation Why

Translocation t(9;22) (Philadelphia translocation), is associated with chronic myeloid leukemia (>
90% of patients), acute myeloid leukemia, and acute lymphoblastic leukemia (ALL), which this
patient does have. However, t(9;22) has been shown to be an unfavorable prognostic factor for ALL.
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Question # 2

Seven days after undergoing bilateral total knee arthroplasty, a 65-year-old man comes to the physician
with a dark discoloration and blisters on his abdomen. Current medications include simvastatin, aspirin,
and low molecular weight heparin. His vital signs are within normal limits. Examination of the skin
shows multiple coalescing blisters with areas of necrosis around the umbilicus. Laboratory studies show

a platelet count of 32,000/mm3. Which of the following is the most likely underlying cause of this

patient's symptoms?

Answer

Image

A || Anti-desmoglein antibody formation

B || Deficiency in ADAMTSI3 activity

C || Antibody formation against heparin-PF4 complex

D || Antibody-platelet antigen complex formation

E || Deficiency in vitamin K

F || Decreased production of Gplb
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Hint

Thrombocytopenia in the setting of heparin use should raise suspicion for heparin-induced
thrombocytopenia (HIT). This patient's skin findings are consistent with necrosis from
hypercoagulability and thrombosis.
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Correct Answer

A - Anti-desmoglein antibody formation

Explanation Why

Formation of circulating autoantibodies against desmoglein 3 and desmoglein 1 is the underlying
mechanism of pemphigus vulgaris. Disruption of desmoglein 3 and 1, which mediate keratinocyte
adherence, results in the formation of painful, flaccid intraepidermal blisters that become confluent
and rupture. This is unlikely to be the cause of this patient's skin lesions because pemphigus vulgaris
typically begins on the oral mucosa and then primarily affects other body parts exposed to pressure
(e.g., intertriginous areas). Necrosis does not generally occur and platelet count is unaffected.

B - Deficiency in ADAMTSI13 activity

Explanation Why

ADAMTSI13 deficiency is the underlying cause of thrombotic thrombocytopenic purpura (TTP).
Reduced ADAMTS13 activity results in an increase in von Willebrand factor (vWF) activity and
subsequent formation of microthrombi, consumption of platelets, and microangiopathic hemolytic
anemia. This patient's abdominal skin necrosis is not consistent with TTP and he lacks other features
of TTP such as fever and neurological symptoms.

Explanation Why

This patient's thrombocytopenia (< IOO,OOO/mm3 ) and the timing of his symptoms (5-10 days after
initiation of heparin therapy) are consistent with heparin-induced thrombocytopenia type 2 (HIT II),
which occurs due to the formation of IgG autoantibodies against complexes composed of platelet
factor 4 (PF4) and heparin. Subsequent clot formation leads to consumption of platelets and
thrombosis, which can cause DVT, pulmonary embolism, limb gangrene, as well as ischemia and
necrosis at the heparin injection site.
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D - Antibody-platelet antigen complex formation

Explanation Why

Formation of antibody-platelet antigen complex is the underlying mechanism of immune
thrombocytopenic purpura (ITP). IgG autoantibodies against platelet antigens bind to and opsonize
platelets, which are subsequently removed from circulation by the spleen. Although ITP could
explain the thrombocytopenia in this patient, it is usually asymptomatic or presents with symptoms
of bleeding (e.g., easy bruising, petechiae); it would not explain the skin necrosis in this patient.

E - Deficiency in vitamin K

Explanation But

Warfarin can also cause skin necrosis (Warfarin-induced skin necrosis), but would not cause
thrombocytopenia.

Explanation Why

Vitamin K deficiency usually occurs secondary to underlying liver disease (e.g., cirrhosis) or
treatment with vitamin K antagonists (e.g., warfarin), and causes dysfunction in clotting factors II,
VII, IX, and X. Vitamin K deficiency is characterized by impaired hemostasis and bleeding, but does
not affect platelet number or function.

F - Decreased production of Gplb

Explanation Why

Decreased production of von Willebrand factor receptors (i.e., Gp Ib/IX/V complex) on platelet
surface is the underlying mechanism of Gp1B/IX/V complex deficiency (Bernard-Soulier
syndrome). This hereditary platelet adhesion disorder is characterized by low platelet count and giant
platelets on peripheral blood smear as well as platelet dysfunction resulting in bleeding diathesis.
Patients are usually asymptomatic or present with bleeding (e.g., petechiae, purpura, epistaxis). This
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patient's age and abdominal skin necrosis make this diagnosis unlikely.
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Question # 3

A 65-year-old man comes to the physician because of a 6-month history of progressive fatigue and
abdominal pain. Physical examination shows pale mucous membranes and splenomegaly. Hemoglobin

concentration is 9.1 g/dL and leukocyte count is 3,400/mm3 . Peripheral blood smear shows nucleated
red blood cells and teardrop poikilocytosis. A Janus kinase 2 gene mutation is present. Which of the
following is the most likely underlying mechanism of this patient's condition?

Answer

Image

Viral replication
in lymphoid cells

9 3

. 1 O wisplingl

Lymphocytic
infiltration of
reticuloendothelial
system

Fibrosis in the
bone marrow
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Answer

Image

Translocation
between
chromosome 9
and 22

Elevated levels of
circulating
hepcidin
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Hint

The combination of anemia, leukopenia, splenomegaly, and teardrop cells in a 65-year-old patient with a
JAK?2 gene mutation indicates impaired hematopoiesis due to a condition associated with increased
fibroblast activity.
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Correct Answer

A - Viral replication in lymphoid cells

Image

Explanation Why

Viral replication in B lymphocytes is seen in infectious mononucleosis (IM) caused by the Epstein-
Barr virus. Splenomegaly is a common finding in IM and aplastic anemia is a rare but serious
complication of this disease. However, peripheral smear in IM will show atypical lymphocytes rather
than teardrop poikilocytosis as seen in this patient. Additionally, IM has no association with a JAK2
gene mutation.
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B - Lymphocytic infiltration of reticuloendothelial system

Image

Explanation Why

In hairy cell leukemia, clonal B lymphocytes infiltrate the reticuloendothelial system and interfere
with bone marrow function, causing marrow fibrosis with dry tap and pancytopenia. Splenomegaly is
common in this disease due to extramedullary hematopoiesis. However, peripheral smear in hairy
cell leukemia will show “hairy” cells rather than teardrop poikilocytosis seen in this patient. In
addition, there is no association with a JAK2 gene mutation.

Explanation But

A JAK-2 gene mutation is also associated with other myeloproliferative neoplasms, including
polycythemia vera and essential thrombocythemia.
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Explanation Why

Bone marrow fibrosis is the end result of primary myelofibrosis, a disorder characterized by
increased fibroblast activity and connective tissue deposition in the bone marrows; it is positive for a
JAK?2 gene mutation in about 50% of cases. Teardrop cells seen on peripheral blood smear reflect
altered bone marrow architecture, which causes red blood cells to become deformed as they leave the
marrow to enter the circulation. Splenomegaly is also common in primary myelofibrosis due to
extramedullary hematopoiesis in the spleen. A 'dry tap' on bone marrow biopsy would be expected
due to extensive medullary fibrosis.

D - Translocation between chromosome 9 and 22

Explanation Why

The Philadelphia chromosome, a reciprocal translocation between chromosomes 9 and 22, leads to
the development of chronic myeloid leukemia (CML). CML often presents with abdominal
discomfort due to splenomegaly and anemia, both of which are seen in this patient. However, CML
is more likely to cause leukocytosis than leukopenia and is not associated with teardrop
poikilocytosis or a JAK2 gene mutation.

E - Elevated levels of circulating hepcidin

Explanation Why

Hepcidin is responsible for intracellular sequestration of iron and can cause anemia of chronic
disease. Elevated hepcidin levels could explain this patient's anemia, but they would not cause
leukopenia, splenomegaly, or a mutated JAK2 gene. Moreover, this patient has no history of chronic
disease.
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Question # 4

Three days after starting a new drug for malaria prophylaxis, a 19-year-old college student comes to the
physician because of dark-colored urine and fatigue. He has not had any fever, dysuria, or abdominal
pain. He has no history of serious illness. Physical examination shows scleral icterus. Laboratory studies
show a hemoglobin of 9.7 g/dL and serum lactate dehydrogenase of 284 U/L. Peripheral blood smear
shows poikilocytes with bite-shaped irregularities. Which of the following drugs has the patient most
likely been taking?

Answer Image

A || Pyrimethamine

B || Atovaquone

C || Primaquine

D || Dapsone

E Ivermectin

F || Doxycycline
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Answer

Image

Mebendazole
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Hint

This patient's hemolytic anemia and presence of bite cells on peripheral smear suggest underlying G6PD
deficiency. In patients with G6PD deficiency, hemolytic anemia can be triggered by infections, fava
beans, and certain drugs (including sulfa drugs and antimalarials).
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Correct Answer

A - Pyrimethamine

Explanation Why

Pyrimethamine is an antiparasitic drug that can be used for the treatment of malaria, but is not used
for malaria prophylaxis. Moreover, it is not known to precipitate G6PD hemolysis. Side effects
include GI complaints and bone marrow suppression.

B - Atovaquone

Explanation Why

Atovaquone is used in combination with proguanil for the treatment and prophylaxis of malaria, but
it is not known to precipitate hemolytic anemia in G6PD deficiency. Its most common side effect is
GI discomfort.
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Explanation But

Other side effects of primaquine include nausea, abdominal cramps, vomiting, and headaches and
dizziness.

Explanation Why

Primaquine is an antimalarial used for malaria prophylaxis that causes oxidative stress in RBCs and
can precipitate hemolytic anemia in individuals with G6PD deficiency, as seen in this case. Bite cells
and Heinz bodies are characteristic blood smear findings. Primaquine is contraindicated in patients
with known G6PD deficiency.
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D - Dapsone

Explanation Why

Dapsone is an antibiotic that can be used for the treatment of malaria. Although it has the potential to
precipitate hemolytic anemia in G6PD deficiency, it is not used for malaria prophylaxis.

E - Ivermectin

Explanation Why

[vermectin is an antihelminthic drug that is typically well tolerated, although some patients
experience mild pruritus. It is not used in the treatment or prevention of malaria, nor is it associated
with hemolytic anemia in G6PD deficiency.

F - Doxycycline

Explanation Why

Doxycycline can be used for malaria prophylaxis, but it is not known to precipitate hemolysis in
patients with GO6PD deficiency. Instead, side effects include photosensitivity, nephrotoxicity, and
hepatotoxicity, as well as discoloration of teeth and bone growth inhibition in young children.

G - Mebendazole

Explanation Why

Mebendazole is an antihelminthic that works by inhibiting microtubule formation. Side effects
include abdominal pain, hepatitis, and bone marrow suppression. It is not known to precipitate
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hemolysis in patients with G6PD deficiency, nor is it used for malaria prophylaxis.
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Question # 5

A 42-year-old woman comes to the physician because of a 4-week history of progressive difficulty
swallowing solid foods. The patient reports feeling like food gets stuck in her throat, and that she has to
drink a lot of water to swallow her meals. Over the past 3 months, she has had progressive fatigue and
occasional dyspnea while performing her daily activities. Her pulse is 104/min, respirations are 19/min,
and blood pressure is 110/70 mm Hg. Physical examination shows conjunctival pallor, erythema around
the corners of the mouth, and dry, scaly lips. Her fingernails appear spoon-shaped and brittle.
Auscultation of the heart shows a grade 1/6 systolic murmur best heard at the second left intercostal
space. Esophagogastroduodenoscopy shows thin membranes that are protruding into the upper third of
the esophagus. Further evaluation of the patient is most likely to show which of the following?

Answer

Image

A || Altered sense of smell

B Hair loss

C || Thickening of the skin

Loss of vibratory sense in the
lower limbs

Eosinophilic infiltration of the
esophagus
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Answer

Image

Craving for non-nutritive

substances
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Hint

This patient presents with Plummer-Vinson syndrome, which is characterized by the triad of dysphagia,
upper esophageal webs, and iron deficiency anemia (indicated by fatigue, dyspnea, angular cheilitis,
koilonychia, brittle nails, pallor, tachycardia, and systolic murmur).
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Correct Answer

A - Altered sense of smell

Explanation Why

Altered sense of smell is a feature of zinc deficiency, which can cause perioral dermatitis and brittle
nails. However, this patient does not present with other features of zinc deficiency such as alopecia,
diarrhea, hypogonadism, impaired wound healing, and an impaired sense of taste. Furthermore, zinc
deficiency would not explain this patient's signs and symptoms of anemia, dysphagia or the
esophageal webs seen on esophagogastroduodenoscopy.

B - Hair loss

Explanation Why

Hair loss can be a feature of hypothyroidism, which may cause fatigue and dyspnea. However, this
patient does not present with other characteristic signs and symptoms of hypothyroidism such as
intolerance to cold temperatures, constipation, weight gain, and/or bradycardia. Furthermore,
hypothyroidism would not explain this patient's dysphagia or the esophageal webs seen on
esophagogastroduodenoscopy.

C - Thickening of the skin

Explanation Why

Thickening of the skin is a feature of scleroderma, which may cause dysphagia (due to esophageal
dysmotility), fatigue, and dyspnea (due to pulmonary hypertension or interstitial lung disease).
However, this patient does not present with other features of scleroderma such as sclerodactyly, joint
stiffness/pain, and Raynaud phenomenon. Furthermore, scleroderma would not explain this patient's
signs and symptoms of iron deficiency anemia or the esophageal webs seen on
esophagogastroduodenoscopy.
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D - Loss of vibratory sense in the lower limbs

Explanation Why

Loss of vibratory sense in the lower limbs is a feature of subacute combined degeneration of the
spinal cord, which is caused by vitamin B2 deficiency. Fatigue, dyspnea, angular cheilitis, pallor,
and a systolic murmur are possible features of anemia due to B12 deficiency. However, other signs
and symptoms of subacute combined degeneration include paresthesias, ataxic gait, dementia, and
impaired proprioception, none of which are present in this patient. Furthermore, B2 deficiency
would not explain this patient's dysphagia or the esophageal webs seen on
esophagogastroduodenoscopy.

E - Eosinophilic infiltration of the esophagus

Image
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Explanation Why

Eosinophilic esophagitis, which is characterized by eosinophilic infiltration of the esophagus, can
manifest with dysphagia and, less commonly, iron deficiency anemia. However, the most common
symptom is retrosternal burning pain, which is not reported by this patient. Moreover, eosinophilic
esophagitis is also commonly associated with atopic conditions, which are not seen here. Finally,
endoscopic features of eosinophilic esophagitis include concentric white rings and linear,
longitudinal furrows along the esophageal mucosa rather than esophageal webs.

Explanation Why

Craving for non-nutritive substances (e.g., hair, clay, soil) is referred to as “pica” and can be a
manifestation of iron deficiency anemia, which this patient presents with. Pica is also associated with
zinc deficiency, pregnancy, and psychiatric conditions, though its etiology is not entirely understood.
It can be treated with behavioral intervention and nutritional supplementation. Plummer-Vinson
syndrome, a rare disorder that most commonly affects middle-aged women, is thought to be caused
by longstanding iron deficiency, which leads to the associated esophageal changes. Treatment
consists of iron replacement therapy and mechanical dilation of the esophagus.
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Question # 6

A 6-year-old girl with polycystic kidney disease is started on a new medication after receiving a kidney
transplant from a matched, unrelated donor. Two days after starting the medication, laboratory studies

show a leukocyte count of 17,500/mm3 (90% segmented neutrophils, 4% bands, 1% eosinophils,
3% lymphocytes, and 1% monocytes). Which of the following drugs is the most likely cause of these

laboratory findings?

Answer

Image

A || Rituximab

B || Methylprednisolone

C || Abciximab

D || Ganciclovir

E || Erythropoietin

F Tacrolimus
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Hint

This patient's laboratory results show neutrophilia with the presence of immature neutrophils, without a
prominent left shift.
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Correct Answer

A - Rituximab

Explanation Why

Rituximab, an anti-CD20+ biologic, prevents the maturation and differentiation of B cells via
antibody-dependent cellular cytotoxicity. Through its B-cell cytotoxic action, rituximab can cause
leukopenia and is not commonly administered after renal or other solid organ transplantations.

Explanation Why

The presence of neutrophilia without left shift (no increase in bands) is classic for
glucocorticoid-induced leukocytosis. Glucocorticoids inhibit the attachment of neutrophils to their
endothelial surface receptors, resulting in demargination. Other minor mechanisms of
glucocorticoid-induced leukocytosis include delayed apoptosis and a slight increase in bone marrow
production, which typically occur 24 hours after administration.

C - Abciximab

Explanation Why

Abciximab is a glycoprotein IIb/Illa receptor antagonist that prevents platelet adhesion and
aggregation. The primary side effect of this class of drugs is bleeding, not neutrophilia.
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D - Ganciclovir

Explanation Why

Ganciclovir is an anti-viral medication widely used in the treatment of CMV in
immunocompromised hosts. It is associated with bone marrow suppression and would present with
leukopenia, not leukocytosis.

E - Erythropoietin

Explanation Why

Administration of EPO, a medication used to stimulate erythropoiesis, would lead to an elevation in
circulating RBCs, not WBCs. EPO is not commonly administered after renal or other solid organ
transplantations.

F - Tacrolimus

Explanation Why

Tacrolimus is an immunosuppressant that acts primarily to inhibit expression of IL-2, a cytokine
responsible for T-cell proliferation. It is commonly used after organ transplantation to prevent acute
rejection. Tacrolimus can cause neutropenia, not neutrophilia, in kidney transplant recipients.
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Question # 7

A 63-year-old man with aortic valve disease is admitted to the hospital for a 3-week history of

progressively worsening fatigue, fever, and night sweats. He does not smoke, drink alcohol, or use illicit
drugs. Temperature is 38.2°C (100.8°F). Physical examination shows a systolic murmur and tender,

erythematous nodules on the finger pads. Blood cultures show alpha-hemolytic, gram-positive cocci that
are catalase-negative and optochin-resistant. Which of the following is the most likely causal organism?

Answer Image
A Staphylococcus
aureus
B Streptococcus
pyogenes
Streptococcus
C .
gallolyticus
D Streptococcus
pneumoniae
Staphylococcus
epidermidis
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Hint

This patient presents with bacteremia and signs of subacute endocarditis. Dental procedures increase the
risk of bacteremia with this organism.
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Correct Answer

A - Staphylococcus aureus

Explanation Why

Staphylococcus aureus s a gram-positive coccus and the most common cause of acute infective
endocarditis. It is catalase-positive and beta-hemolytic, unlike the pathogen seen in this patient.

B - Streptococcus pyogenes

Explanation Why

Streptococcus pyogenes is a catalase-negative, gram-positive coccus that can cause tonsillitis, scarlet
fever, and rheumatic fever. It can be differentiated from the pathogen in this patient because it is

beta-hemolytic.

C - Streptococcus gallolyticus

Explanation Why

Streptococcus gallolyticus, like all streptococci, is a catalase-negative, gram-positive coccus.
However, it is usually beta-hemolytic or gamma-hemolytic. S. gallolyticus is an uncommon cause of
subacute endocarditis (less than 5% of cases).
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D - Streptococcus pneumoniae

Explanation Why

Streptococcus pneumoniae is an alpha-hemolytic, catalase-negative, gram-positive coccus. It can be
differentiated from the pathogen seen in this patient because it is optochin-sensitive. Moreover, it is
an uncommon cause of infective endocarditis (less than 5% of cases).

E - Staphylococcus epidermidis

Explanation Why

Staphylococcus epidermidis is a gram-positive coccus that is part of the natural skin flora. Although
S. epidermidis is a common cause of infective endocarditis in patients with foreign body insertions
(e.g., peripheral or central venous catheters, surgical implants), it is catalase-positive and non-
hemolytic, unlike the pathogen associated with this patient's condition. Furthermore, it is an
uncommon cause of subacute endocarditis.
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Treatment consists of penicillin or 15t or 2nd generation cephalosporins.

Explanation Why

Viridans streptococci are a group of alpha-hemolytic, optochin-resistant, gram-positive cocci that are

part of the normal oral flora and a common cause of dental caries. In patients with damaged native
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valves, Viridans streptococci are the most common cause of subacute endocarditis.
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Question # 8

A 38-year-old man with chronic hepatitis C comes to the physician because of a 10-day history of
darkening of his skin and painless blisters. He started working as a landscaper 2 weeks ago. He drinks

2 beers every night and occasionally more on the weekends. Examination shows bullae and oozing
erosions in different stages of healing on his arms, dorsal hands, and face. There are atrophic white scars
and patches of hyperpigmented skin on the arms and face. This patient's skin findings are most likely
associated with increased concentration of which of the following?

Answer

Image

A || Protoporphyrin

B || Porphobilinogen

C Delta-aminolevulinic acid

D || Uroporphyrinogen III

E || Unconjugated bilirubin

F || Conjugated bilirubin
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Hint

The painless blisters on sun-exposed areas, which developed shortly after the patient started a job
involving outdoor work, indicate photosensitivity. Along with his other skin findings, alcohol
consumption, and chronic hepatitis C infection, this history suggests porphyria cutanea tarda (PCT).
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Correct Answer

A - Protoporphyrin

Explanation Why

Elevated levels of protoporphyrin can be found in iron deficiency and erythropoietic protoporphyria,
which results from a deficiency of the enzyme ferrochelatase. Unlike this patient, patients with
erythropoietic protoporphyria typically present with nonblistering photosensitivity.

B - Porphobilinogen

Explanation Why

An elevated level of porphobilinogen is a result of a defect in the early steps of heme synthesis, as
seen in acute intermittent porphyria (AIP), where the defect is located in porphobilinogen deaminase.
However, defects in early heme synthesis are more commonly associated with gastrointestinal and
neurological symptoms rather than skin photosensitivity.

C - Delta-aminolevulinic acid

Explanation Why

Delta-aminolevulinic acid (ALA) levels are increased in lead poisoning, acute intermittent porphyria
(AIP), and ALA-dehydratase deficiency porphyria (ADP), all of which are associated with defects in
early steps in the heme synthesis pathway. However, such defects are more commonly associated
with gastrointestinal and neurological symptoms rather than skin photosensitivity.
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Image
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Explanation But

Another feature of PCT visible on gross examination is the color of urine, which looks tea-colored
under natural light and pink under fluorescent light (e.g., Wood lamp).

Explanation Why

Increased plasma and urine porphyrins, including uroporphyrinogen III, are diagnostic of porphyria
cutanea tarda (PCT) and are caused by a defect in uroporphyrinogen decarboxylase in the heme
synthesis pathway. PCT is the most common porphyria and typically manifests in adults 4070 years
of age with blistering cutaneous photosensitivity (due to accumulation of porphyrins in the skin), as
seen in this patient. The pigmentation changes and scarring in this patient likely developed from
previous PCT lesions.
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E - Unconjugated bilirubin

Explanation Why

Bilirubin is a part of the heme degradation pathway, not the synthesis pathway. Elevated level of
unconjugated bilirubin are caused by either increased bilirubin production (e.g., hemolysis,
hematoma resorption), defective hepatic uptake of bilirubin, or conjugation disorders (e.g., Gilbert
Syndrome, Criglar-Najjar syndrome). Unlike this patient, patients with these disorders typically
present with jaundice.

F - Conjugated bilirubin

Explanation But

The patient might actually have increased conjugated bilirubin due to his chronic hepatitis C.
However, it would not sufficiently explain his skin findings.

Explanation Why

Bilirubin is a part of the heme degradation pathway, not the synthesis pathway. Elevated level of
conjugated bilirubin are due to either intrahepatic cholestasis (e.g., hepatocellular injury secondary to
infection, cirrhosis, or inflammation), extrahepatic outflow obstructions (e.g., biliary obstruction by
calculi, malignancies, strictures), or intracellular defective bilirubin transport disorders (e.g., Dubin-
Johnson, Rotor syndrome). Unlike this patient, patients with these disorders typically present with

jaundice.
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Question # 9

A 31-year-old male comes to the physician because of a 2-day history of blisters and brownish
discoloration of urine. His symptoms appeared after he returned from a 4-day trip with his friends in
Florida. He has had similar episodes of blistering twice in the past three years. Each episode resolved
spontaneously after a few weeks. Examination shows vesicles and bullae on the face and the dorsal
surfaces of his hands and forearms. His condition is most likely caused by a defect in which of the
following enzymes?

Answer Image

A || Aminolevulinic acid dehydratase

B || Uroporphyrinogen III synthase

C || Porphobilinogen deaminase

D || Uroporphyrinogen III decarboxylase

E || Aminolevulinic acid synthase
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Hint

This patient with recurrent blisters on the face and dorsum of hands and forearms and dark urine in the
setting of sunlight exposure likely has porphyria cutanea tarda.

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Correct Answer

A - Aminolevulinic acid dehydratase

Explanation Why

A defect in aminolevulinic acid dehydratase leads to ALA dehydratase porphyria. While there are
forms of porphyria that cause dermatologic and urinary manifestations, ALA dehydratase porphyria
is not one of them. Instead, abdominal pain, gastrointestinal upset, polyneuropathy, and/or
psychological disturbances would be expected.

B - Uroporphyrinogen III synthase

Explanation Why

A defect in uroporphyrinogen III synthase can lead to congenital erythropoietic porphyria. While
CEP can lead to severe photosensitivity and dark urine, it is an incredibly rare disorder that typically
presents in childhood and would not be expected to first manifest in adulthood.

C - Porphobilinogen deaminase

Explanation Why

A defect in porphobilinogen deaminase causes acute intermittent porphyria. Although AIP may
explain this patient's brownish discoloration of urine, it does not cause dermatologic manifestations.
Additionally, other symptoms would be expected, such as a painful abdomen, polyneuropathy, and/or
psychological disturbances.
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Explanation But

The photosensitivity of patients with cutaneous porphyrias results from activation of porphyrins in
the skin by ultraviolet light.

Explanation Why

Insufficiency in uroporphyrinogen III decarboxylase leads to porphyria cutanea tarda. The blistering
pattern follows what would be expected for this diagnosis, and his dark urine is a likely result of
increased uroporphyrin. As the acquired type of this disease typically presents in men with liver
disease, he should be tested for HIV and HCV as well as fully evaluated for risk factors of alcoholic
cirrhosis.

E - Aminolevulinic acid synthase

Explanation Why

A defect in aminolevulinic acid synthase leads to X-linked sideroblastic anemia, which would
present with symptoms typical for anemia (fatigue, lethargy, pallor). It would not be expected to
cause any dermatologic or urinary manifestations.
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Question # 10

A 7-year-old girl is brought to the physician by her mother for a 6-month history of irritability. She has
no history of significant illness and is up-to-date on her immunizations. She appears markedly lethargic.
Her vital signs are within normal limits. Physical examination shows subconjunctival pallor. Her

hemoglobin concentration is 9.2 g/dL and mean corpuscular volume is 76 um3. A photomicrograph of a
wet stool mount is shown. Which of the following infectious agents is the most likely cause of these
findings?

Answer

Image

A Necator americanus
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Answer

Image
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Answer

Trichuris trichiura

Taenia solium
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Hint

This patient's symptoms (e.g., lethargy, irritability) and laboratory findings (low hemoglobin, low MCV)
are consistent with iron deficiency anemia, which is often caused by chronic blood loss. Stool
microscopy shows the egg of a parasite.
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Correct Answer

Explanation Why

Hookworms (e.g., Necator americanus, Ancvlostoma duodenale) are nematodes that are transmitted
by penetration of hookworm larvae into intact skin (usually the feet). The larvae migrate to the
intestines and cause chronic blood loss leading to iron deficiency anemia. Stool microscopy in this
patient shows a transparent fertilized egg with 2—8 cell stages inside, which is consistent with
Necator infection. Hookworm infection is treated with albendazole or pyrantel pamoate.

B - Ascaris lumbricoides

Image
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Explanation Why

Ascaris lumbricoides is a type of nematode contracted fecal-orally and results in ascariasis, which
typically presents with respiratory symptoms (e.g., dry cough, blood-tinged sputum, wheezing) or
gastrointestinal symptoms (e.g. abdominal pain, nausea, vomiting), neither of which are reported in
this patient. Ascaris usually does not cause chronic GI blood loss. Moreover, Ascaris lumbricoides
eggs have a knobby-coated round appearance unlike the specimen seen here.

C - Enterobius vermicularis

Image

Explanation Why

Enterobius vermicularis is a type of nematode that causes pinworm infection, most commonly in
children. It typically presents as nocturnal perianal pruritus, which is not reported in this patient. It is
diagnosed by a tape test of the perianal region, which would show eggs that are ovoid and slightly
flattened on one side. Infection with Enterobius vermicularis does not result in chronic

gastrointestinal blood loss.
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D - Diphyllobothrium latum
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Explanation Why

Diphyllobothrium latum (fish tapeworm) is a type of cestode whose eggs also resemble the one
found here on photomicrograph. Long-standing infection can cause vitamin B2 deficiency, leading

to a macrocytic megaloblastic anemia. However, this patient's MCV is low < 80 |,Lm3, which is
consistent with microcytic and not macrocytic anemia.
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E - Trichuris trichiura

Image

-
'i; o

Explanation Why

Trichuris trichiura is a type of nematode contracted via the fecal-oral route that causes trichuriasis.

Infection can cause iron deficiency anemia in children, as seen here. However, the eggs of Trichuris
trichiura appear barrel-shaped with bipolar plugs, unlike the specimen in this case.
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F - Taenia solium

Image

Explanation Why

Taenia solium, a type of cestode that causes intestinal taeniasis and neurocysticercosis, is most
commonly contracted by ingesting larvae from undercooked pork. This patient does not have
abdominal pain or neurological symptoms, making infection with ZTaenia solium unlikely. Moreover,
Taenia solium does not typically cause blood loss or iron deficiency anemia. Its eggs are round with a
striated outer zone, unlike the specimen seen here.
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Question # 11

A 64-year-old woman comes to the physician because of a 7-month history of abdominal discomfort,
fatigue, and a 6.8-kg (15-1b) weight loss. Physical examination shows generalized pallor and
splenomegaly. Laboratory studies show anemia with pronounced leukocytosis and thrombocytosis.
Cytogenetic analysis shows a BCR-ABL fusion gene. A drug with which of the following mechanisms
of action is most appropriate for this patient?

Answer Image
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Answer

Image
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Hint

The BCR-ABL fusion gene encodes for an enzyme that inhibits physiological apoptosis and increases
mitotic rate, which in turn leads to dysregulated proliferation of functioning granulocytes.
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Correct Answer

Image
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Explanation Why

Imatinib is a selective tyrosine kinase inhibitor used in the treatment of CML. It binds to the active
site for ATP on the abnormal BCR-ABL tyrosine kinase (caused by the Philadelphia chromosome)
and prevents the phosphorylation of tyrosine residues on the enzyme's substrates. In turn, this inhibits
proliferation and induces apoptosis of cells with the BCR-ABL mutation. Other tyrosine kinase
inhibitors include nilotinib and dasatinib. Adverse effects of these agents include fluid retention,
pulmonary edema, QT prolongation, nausea, vomiting, diarrhea, and pancytopenia.
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B - Monoclonal anti-EGFR antibody

Explanation Why

Cetuximab is a monoclonal EGFR inhibitor used in the treatment of stage [V colorectal cancer

(without KRAS mutation), as well as head and neck cancer. Cetuximab plays no role in the treatment

of CML. Side effects of cetuximab include diarrhea, skin rash, and elevated liver enzymes.

C - Topoisomerase II inhibitor
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Etoposide and teniposide are topoisomerase II inhibitors that increase the degradation of DNA.
These agents are used in the treatment of testicular cancer, small cell lung cancer, leukemias, ovarian
cancer, and lymphomas. Topoisomerase II inhibitors are not used for the treatment of CML. Side

effects of treatment with etoposide or teniposide include alopecia and myelotoxicity.

e

Proteins

Microtubules (spinc

+ Inhibit formation =

(e.g., vincristing)
- Hyperstabalizing =
(e.g., paclitaxel)

WS Py

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

D - Monoclonal anti-CD20 antibody

Explanation Why

Rituximab is a monoclonal antibody against the B cell marker CD20. It is used in the treatment of
rheumatoid arthritis, non-Hodgkin lymphoma, CLL, and ITP. It is not used for the treatment of BCR-
ABL positive CML. Rituximab is associated with an increased risk of progressive multifocal
leukoencephalopathy (PML) and immune suppression.

E - Monoclonal anti-HER-2 antibody

Explanation Why

Trastuzumab is a monoclonal anti-HER2 antibody used in the treatment of HER2/neu positive breast
cancer and gastric cancer. Trastuzumab is not used for BCR-ABL positive CML. Side effects of
trastuzumab include cardiotoxicity.
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F - Ribonucleotide reductase inhibitor
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Hydroxyurea is a ribonucleotide reductase inhibitor that decreases synthesis of DNA. It is used in the

treatment of myeloproliferative disorders such as CML and polycythemia vera. However,

hydroxyurea is not considered the first-line treatment for CML, and it would not target the mutation
present in this patient (BCR-ABL fusion gene). Side effects of hydroxyurea include megaloblastic
anemia and an increase in HbF.
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Question # 12

An otherwise healthy 23-year-old man comes to the physician because of a 3-day history of mild

persistent bleeding from the site of a tooth extraction. He has no prior history of medical procedures or

surgeries and no history of easy bruising. He appears well. Vital signs are within normal limits.

Laboratory studies show:

Hemoglobin 12.4 g/dL
Platelets ZOO,OOO/mm3
Serum
Prothrombin time 25 seconds
Partial thromboplastin time (activated) || 35 seconds

Deficiency of which of the following coagulation factors is the most likely cause of this patient’s

condition?

Answer

Image

A || Factor VII
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Answer

Image

Factor V

xtrinsic patt
il
Trauma
Tisste —=
factor
Vil
Combined pathway

Prothrombin

Intrinsic pathway

X [
Xla
Callagen,
basement membrane,
activated platelets
Xla =- X

IXa
Villa
Vil

Fibrin

Xl —— X| g ——=

Xl

fibrin
Extrinsic patt Intrinsic pathway
il X X
Xl +———————— x|
Trauma Callagen,
basement membrane,
activated platclets
Tisstie —= Xla =- X
factor
Vila 1Xa
Villa
Vil
Factor II Combined pathwa
v
Xa  Na —

rinogen

Thrombin———
i
Xl == Xllla —= ‘
N Cross-linked
fibatin
Extrinsic pathwa Intrinsic pathway
vt X 1X
X3 e=————————XIl
Trauma Collagen,
basement membrane,
activated platelets
Tissue —e Xla = Xl
factor
Vila IXa
Villa i
olipids
ed
Vi
Factor XIII Cafinizin
v mbin
Xa Va ~—
Fibrinogen
Prothr

Fibrin
il —= Xilla —=

e Cross-linked
fibrin

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Answer

Image
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Hint

The patient's elevated prothrombin time and normal partial thromboplastin time (activated) indicate a
coagulation defect in the extrinsic pathway.
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Correct Answer

Image
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Explanation Why

Factor VII is the only coagulation factor listed here that is part of the extrinsic hemostatic pathway.
The extrinsic pathway is activated by traumatic tissue injury, such as this patient's tooth extraction,
which exposes tissue factor (factor II1) located beneath the endothelium. Factor III then activates
factor VII, forming a complex to trigger the common pathway by activating factor X. Hereditary
factor VII deficiency is rare and is caused by a mutation of the '7 gene on chromosome 13. Factor
VII deficiency presents with features similar to those of hemophilia (factor VIII or factor IX
deficiency), such as bleeding following dental extraction and hemarthrosis. However, in patients with
factor VII deficiency, the PT would be prolonged (due to an extrinsic pathway defect) and the aPTT
would be normal. Conversely, in patients with hemophilia, the aPTT is prolonged (due to an intrinsic
pathway defect) and the PT is normal.
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B - Factor V
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Explanation Why

Factor V is a coagulation factor of the common pathway. A defect in the common pathway would

result in prolongation of both prothrombin time (PT) and activated partial thromboplastin time
(aPTT). However, only prothrombin time is prolonged in this patient.
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C - Factor 11
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Explanation Why

Factor II is a coagulation factor of the common pathway. A defect in the common pathway would
result in prolongation of both prothrombin time (PT) and activated partial thromboplastin time
(aPTT). However, only prothrombin time is prolonged in this patient.
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D - Factor XIII
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Explanation Why

Factor XIII is a coagulation factor of the common pathway. Most defects in the common pathway
result in prolongation of both prothrombin time (PT) and activated partial thromboplastin time
(aPTT). However, PT and aPTT only test for the formation of fibrin polymers (i.e., unstable clots)
via these pathways — not stable clots. Since factor XIII is involved in covalently crosslinking fibrin to
form stable clots, its activity is not reflected in either the PT or aPTT. Therefore, in most cases of
factor XIII deficiency, both the PT and aPTT are normal. This patient, however, has a prolonged PT.
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E - Factor X
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Explanation Why

Factor X is a coagulation factor of the common pathway. A defect in the common pathway would

result in prolongation of both prothrombin time (PT) and activated partial thromboplastin time
(aPTT). However, only prothrombin time is prolonged in this patient.
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Question # 13

A 9-year-old boy is brought to the physician by his parents because of right-sided shoulder pain for

1 day. He has not had chills or sweating. Over the past year, he was treated twice in the emergency
department for painful swelling of his hands and feet. He emigrated with his family from Kenya 2 years
ago. His temperature is 37.4°C (99.3°F), pulse is 96/min, and blood pressure is 123/82 mm Hg. Physical
examination shows no tenderness, erythema, or joint swelling of the shoulder. Laboratory studies show:

Hemoglobin 7 g/dL

Mean corpuscular volume || 88 um

Reticulocyte count 9%

Leukocyte count 1 2,000/mm3

A peripheral blood smear is most likely to show which of the following abnormalities?

Answer

Ring-shaped inclusions in
erythrocytes
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Answer

B || Teardrop-shaped erythrocytes
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Answer

Image
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Hint

This patient's ethnicity, history of hospitalizations due to bone pain, and anemia with high reticulocyte
count indicate sickle cell disease.
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Correct Answer

A - Ring-shaped inclusions in erythrocytes

Image

Explanation Why

Ring-shaped inclusions are characteristically seen in erythrocytes infected with plasmodium. These
inclusions represent immature trophozoites. Malaria, which is endemic in Kenya, is caused by
infection with the plasmodium species and manifests with joint pain and anemia, as seen here.
Additional symptoms include high-grade fever with periodic spikes as well as flu-like symptoms,
none of which are seen here. Also, the typical incubation period is 742 days; this patient emigrated
to the US 2 years ago, making malaria an unlikely diagnosis.
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B - Teardrop-shaped erythrocytes
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Explanation Why

Teardrop-shaped erythrocytes (i.e., dacrocytes) are associated with extramedullary hematopoiesis

(e.g., from myelofibrosis, thalassemia, splenomegaly). Although these conditions may cause anemia,

they are not associated with recurrent pain crises.
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Image

Explanation But

Other hematologic abnormalities found in patients who have undergone (auto)splenectomy include
target cells, neutrophilia, decreased production of immunoglobulins, and reactive thrombocytosis.

Explanation Why

Nuclear remnants in erythrocytes (i.e., Howell-Jolly bodies, HIBs) appear as small basophilic spots
in the periphery of circulating red blood cells. Normally, HIBs are removed by the spleen. Patients
with sickle cell disease typically develop functional asplenia by 4 years of age due to repeated
infarction secondary to vaso-occlusion (autosplenectomy). Therefore, HIBs are likely to be seen on
this patient's peripheral blood smear.
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D - Fragmentation of erythrocytes

Image

Explanation Why

Fragmentation of erythrocytes leads to the development of schistocytes. Schistocytes are found on
the peripheral blood smears of patients with microangiopathic hemolytic anemias (MAHAsS),
including hemolytic uremic syndrome, thrombotic thrombocytopenic purpura, and disseminated
intravascular coagulation. Although these conditions also manifest with anemia with high
reticulocyte count, other features such as thrombocytopenia, a history of gastrointestinal infection,
impaired kidney function, or neurological deficits would be expected. Furthermore, MAHAS are not
associated with recurrent pain crises.
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E - Erythrocytes with no central pallor
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Explanation Why

Erythrocytes with no central pallor (i.e., spherocytes) are present in various conditions, including
hereditary spherocytosis and autoimmune hemolytic anemia. Although these conditions also
manifest with anemia with high reticulocyte count, they are not associated with recurrent pain crises.
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Question # 14

A 57-year-old woman with non-small cell lung cancer comes to the physician 4 weeks after her tumor
was resected. She takes no medications. The physician starts her on a treatment regimen that includes

vinblastine. This treatment puts the patient at highest risk for which of the following?

Answer

Image

A || Renal failure

B || Pulmonary embolism

C || Progressive multifocal leukoencephalopathy

D || Pulmonary fibrosis

E Heart failure

F || Invasive fungal infection
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Hint

Vinblastine works by inhibiting microtubule synthesis which is essential for mitosis in fast-dividing
cells.

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Correct Answer

A - Renal failure

Explanation Why

Renal failure is a potential adverse effect of nephrotoxic chemotherapeutic agents, such as cisplatin
and carboplatin, which are also used in the treatment of certain types of lung carcinoma. It is not a
common adverse effect of vinblastine.

B - Pulmonary embolism

Explanation Why

The risk of pulmonary embolism may be increased by certain chemotherapeutic agents, such as
tamoxifen and raloxifene. Vinblastine is not known to increase the risk of thromboembolic events.

C - Progressive multifocal leukoencephalopathy

Explanation Why

Progressive multifocal leukoencephalopathy (PML) is caused by reactivation of JC virus secondary
to severe immunosuppression. This condition can be induced by treatment with certain
biopharmaceuticals, such as rituximab and natalizumab, but it is not a common adverse effect of
vinblastine.
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D - Pulmonary fibrosis

Explanation Why

Pulmonary fibrosis is a potential adverse effect of certain chemotherapeutic agents, such as
bleomycin, busulfan, and methotrexate. It is not a common adverse effect of vinblastine.

E - Heart failure

Explanation Why

Heart failure is a potential adverse effect of cardiotoxic chemotherapeutic agents, such as
anthracyclines (e.g., doxorubicin, daunorubicin) and trastuzumab. It is not a common adverse effect
of vinblastine.

Explanation But

Although vincristine and vinblastine both work via the same mechanism (inhibition of microtubule
polymerization), vincristine is not associated with myelosuppression. Common side effects of
vincristine include constipation, paralytic ileus, and neurotoxicity.

Explanation Why

A major adverse effect of vinblastine is myelosuppression, which can result in leukopenia and
subsequent immunosuppression. Therefore, treatment with vinblastine increases the risk of
opportunistic infections, such as invasive aspergillosis. Myelosuppression is the most common dose-
limiting effect of chemotherapeutic agents.
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Question # 15

A 70-year-old man with right-sided renal cell carcinoma comes to the physician because of shortness of
breath for 1 month. Yesterday he had an episode of hemoptysis. He appears cachectic and chronically ill.
There is dullness to percussion and decreased breath sounds throughout both lung fields. A CT scan of
the chest and abdomen shows multiple pulmonary nodules. A CT scan of the abdomen is shown. This
patient's tumor most likely spread via which of the following labeled structures?

Answer || Image
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Answer

Image
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Hint

Renal cell carcinoma metastasizes via hematogenous and lymphatogenous spread. Hematogenous spread
is usually via the venous system.
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Correct Answer

A-A

Explanation Why

Option A on this axial CT scan corresponds to the small intestine. Small intestinal metastasis from
renal cell carcinoma is rare and the small intestine itself is not part of a route for hematogenous or
lymphatogenous spread of metastatic RCC cells.

Explanation Why

Option B on this axial CT scan corresponds to the mesenteric vessels. Although these vessels supply
blood to and from the small intestine and large intestine, they do not supply the kidney. While
metastatic RCC cells may eventually spread to the intestine via these vessels, they would first follow
the path of venous and lymphatic drainage from the kidney.

Explanation Why

Option C on this axial CT scan corresponds to the left-sided renal vessels. Although a left-sided
tumor could metastasize hematogenously via the left renal vein, this patient has a right-sided RCC,
which would follow a different path.
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D-D

Explanation Why

Option D on this axial CT scan corresponds to the aorta. Although hematogenously metastasizing
RCC cells may eventually reach the arterial system, they first follow the path of venous drainage.

Explanation Why

Option E on this axial CT scan corresponds to the inferior vena cava (IVC). Venous drainage from
the right kidney enters the right renal vein and flows into the IVC. By this route metastatic renal cell
carcinoma (RCC) cells could be transported via the IVC to the right heart and from there into the
lungs, causing this patient's pulmonary symptoms and pulmonary nodules on CT.
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Question # 16

A 13-year-old girl is brought to the emergency department by her father because of a severe nosebleed.
She takes no medications and has no history of serious medical illness but has had frequent nosebleeds
in the past. Physical examination shows brisk bleeding from the right nare and pooled blood in the

posterior pharynx. Laboratory studies show:

Hemoglobin 8 g/dL
Platelet count 195,000/mm3
Prothrombin time 12 sec

Partial thromboplastin time || 49 sec

Fibrin split products negative

The bleeding time is 11 minutes (N = 2—7). Which of the following is the most appropriate

pharmacotherapy?

Answer

Image

A || Prothrombin complex concentrate

vi
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Hint

Recurrent epistaxis, prolonged partial thromboplastin and bleeding times combined with a normal
platelet count suggest von Willebrand disease.
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Correct Answer

A - Prothrombin complex concentrate
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Explanation Why

Prothrombin complex concentrate is used in the treatment of life-threatening vitamin K deficiency

(e.g., due to warfarin toxicity). Vitamin K deficiency can cause prolonged PTT and bleeding time,
but an increase in PT would also be expected.
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B - Phytonadione
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Explanation Why

Vitamin K (phytonadione) is indicated for treatment of vitamin K deficiency or to reverse the
anticoagulant effects of warfarin. While vitamin K deficiency and warfarin toxicity can cause
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prolonged PTT and bleeding time, an increase in PT would also be expected.

J\ Intrinsic pathway

C - Rituximab

Explanation Why

Rituximab can be used in the treatment of several autoimmune disorders, including immune
thrombocytopenia (ITP). While ITP can manifest with prolonged bleeding time and spontaneous
bleeding such as epistaxis, this patient's laboratory studies show a normal platelet count and

prolonged partial thromboplastin time, which is not consistent with ITP. In ITP, a decreased platelet
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count would be expected.
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Explanation Why

Desmopressin stimulates von Willebrand factor (vWF) release from endothelial cells and can be used
for the treatment of bleeding due to von Willebrand disease (vWD). Patients with vWD are often
asymptomatic; treatment is only required if symptoms such as recurrent epistaxis occur, as seen in
this patient. Desmopressin can also be used for the treatment of bleeding due to uremic platelet
dysfunction and hemophilia A and is also used for the treatment of diabetes insipidus.

J‘ Damaged vascular
endothelium

~ Exposed collagen

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

E - Intravenous immunoglobulin

Explanation Why

Intravenous immunoglobulins can be used in the treatment of several autoimmune disorders,
including immune thrombocytopenia. While ITP can manifest with a prolonged bleeding time and

spontaneous bleeding such as epistaxis, this patient's laboratory studies show a normal platelet count
and prolonged partial thromboplastin time, which is not consistent with I'TP.
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Question # 17

A 36-year-old woman is admitted to the hospital for the evaluation of progressive breathlessness. She
has no history of major medical illness. Her temperature is 37°C (98.6°F), pulse is 115/min, and
respirations are 22/min. Pulse oximetry on room air shows an oxygen saturation of 99%. Cardiac
examination shows a loud S1 and Sp. There is a grade 2/6 early systolic murmur best heard in the

ond right intercostal space. Cardiac catheterization shows a mixed venous oxygen saturation of 55%
(N = 65-70). Which of the following is the most likely cause of this patient's breathlessness?

Answer Image

A || Increased carbon dioxide retention

B || Decreased left ventricular ejection fraction

C || Increased peripheral shunting

D || Increased pulmonary vascular resistance

E || Decreased hemoglobin concentration
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Hint

Mixed oxygen venous saturation (SvO3) is the oxygen saturation in the pulmonary artery. This is a
measure of the oxygen content in the venous system compared to pulse oximetry, which is often used as
a surrogate for arterial hemoglobin saturation (Sa02)
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Correct Answer

A - Increased carbon dioxide retention

Explanation Why

Carbon dioxide retention is increased in hypoventilation or lung disease and can cause dyspnea,
tachycardia, and occasionally, evidence of hyperdynamic circulation (e.g., loud S1/S2, ejection
systolic murmur). A low mixed venous oxygen saturation can be seen during an exacerbation of lung
disease or extreme hypoventilation. However, oxygen saturation on pulse oximetry would also be
low.

B - Decreased left ventricular ejection fraction

Explanation Why

Severe aortic stenosis, which causes a decreased left ventricular ejection fraction (LVEF), can

present with dyspnea, a soft S, a systolic murmur in the ond right intercostal space (aortic area), and
a decreased mixed venous oxygen saturation due to decreased cardiac output and increased tissue O2
extraction. However, aortic stenosis produces a mid-to-late systolic murmur instead of the early
murmur in this patient and it does not explain this patient's loud Si. In this patient with evidence of
hyperdynamic circulation, the LVEF would most likely be increased.

C - Increased peripheral shunting

Explanation Why

Increased peripheral shunting due to AV fistulas can present with tachycardia and evidence of
hyperdynamic circulation (e.g., loud S1/S2, ejection systolic murmur). However, shunting would
cause the oxygenated blood to bypass the tissues and enter the veins, leading to an increase in mixed
venous oxygen saturation, not a decrease.
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D - Increased pulmonary vascular resistance

Explanation Why

Increased pulmonary vascular resistance is seen in pulmonary hypertension, which can cause a loud
S» in the second intercostal space as well as a decreased mixed venous oxygen saturation (SyvO2).
2Ild

However, the loud Sz would be due to a loud P2 and would, therefore, be heard best at the left
intercostal space (pulmonary area). Moreover, if SyO2 was decreased in a patient with pulmonary
hypertension, the oxygen saturation would also be decreased. Also, pulmonary hypertension alone
does not explain the loud S1 and the murmur in this patient.

Explanation But

Other causes of decreased SyO2 include decreased DO2 due to hypoxemia caused by a lung disease,
increased tissue O2 extraction due to decreased cardiac output (e.g., heart failure, hypovolemic
shock), increased VO2 (e.g., exercise, high fever, seizures), and an inability of hemoglobin to bind to
02 (e.g., carbon monoxide poisoning). If SyO7 is decreased as a result of decreased cardiac output or
increased VO3, Sa02 would usually be normal. However, pulse oximetry may erroneously show a
decreased oxygen saturation in the case of decreased cardiac output because of poor peripheral
circulation. If SyO» is decreased as a result of lung disease or carbon monoxide poisoning, SaO2
would also be decreased. However, pulse oximetry may erroneously show a normal oxygen
saturation in the case of carbon monoxide poisoning because carboxyhemoglobin has a cherry red
color. Estimation of true S302 requires arterial blood gas analysis.

Explanation Why

Dyspnea, tachycardia, and evidence of hyperdynamic circulation (e.g., loud S1/S2, systolic ejection
murmur due to increased blood flow) are features of severe anemia. In patients with anemia, the
arterial partial pressure of oxygen (P.O2), which reflects dissolved oxygen content, and the arterial
hemoglobin oxygen saturation (Sa02) remain normal. However, the total arterial oxygen content
(Ca02), which is given by the formula [1.34 x S;02 x hemoglobin concentration] + [0.003 x P2O2]),
would be decreased because the total hemoglobin concentration is decreased. Therefore, the amount
of oxygen delivered to tissues (DO2) is decreased and tissues extract more oxygen per gram of
hemoglobin in order to meet the metabolic demands (VO2). This results in a decreased hemoglobin
oxygen saturation in venous blood, which is measured by SyO».
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Question # 18

A 7-year-old boy is brought to the emergency department because of sudden-onset abdominal pain that
began 1 hour ago. Three days ago, he was diagnosed with a urinary tract infection and was treated with
nitrofurantoin. There is no personal history of serious illness. His parents emigrated from Kenya before
he was born. Examination shows diffuse abdominal tenderness, mild splenomegaly, and scleral icterus.

Laboratory studies show:

Hemoglobin 9.8 g/dL
Mean corpuscular volume || 88 Mm3
Reticulocyte count 3.1%
Serum
Bilirubin
Total 3.8 mg/dL
Direct 0.6 mg/dL
Haptoglobin 16 mg/dL (N =41-165)
Lactate dehydrogenase 279 U/L

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

Answer Image

A || Enzyme deficiency in red blood cells

B || IgM autoantibodies against red blood cells
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Answer

Image

Defective red blood cell membrane proteins

Defect in orotic acid metabolism

Polymerization of abnormal hemoglobin

Lead poisoning

Absent hemoglobin beta chain
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Hint

This patient presents with splenomegaly, anemia, reticulocytosis, T LDH, 1 unconjugated bilirubin, and
| haptoglobin; these findings suggest a diagnosis of hemolytic anemia.
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Correct Answer

Explanation Why

Glucose-6-phosphate dehydrogenase deficiency (G6PD) results in impaired production of NADPH.
Impaired NADPH production, in turn, causes impaired regeneration of reduced glutathione, an
antioxidant that protects the erythrocyte membrane from oxidative damage. Erythrocyte membranes
in patients with G6PD deficiency are, therefore, vulnerable to oxidative stress (e.g., from
primaquine, sulfamethoxazole, nitrofurantoin, or dapsone therapy). Patients typically develop acute
hemolysis 2-3 days after starting these medications. G6PD is more commonly seen in patients from
malaria-endemic regions (e.g., Kenya) because it offers resistance against Plasmodium infection.

B - IgM autoantibodies against red blood cells

Explanation Why

Cold agglutinin disease can manifest with features of hemolytic anemia. However, cold agglutinin
disease typically affects patients > 60 years of age. Hemolysis usually develops following exposure
to cold, and painless cyanosis of the digits (acrocyanosis) is often present. Splenomegaly is not
typically seen. Cold agglutinin disease can also occasionally affect children; in the pediatric
population, however, it typically occurs following Mycoplasma pneumonia or infectious
mononucleosis. There is no history of a cough, sore throat, or lymphadenopathy to suggest that either
of these infections occurred in this patient.

C - Defective red blood cell membrane proteins

Explanation Why

Erythrocyte membranopathies, such as hereditary spherocytosis and elliptocytosis, can manifest with
acute hemolytic anemia. However, this patient's presentation shortly after initiating nitrofurantoin
therapy suggests a different etiology for his hemolytic anemia.
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D - Defect in orotic acid metabolism

Explanation Why

Orotic aciduria (due to UMP synthase deficiency) can manifest with anemia and splenomegaly.
However, UMP synthase deficiency causes megaloblastic anemia; patients typically have
macrocytosis (MCV > 100 fL) and a low or normal reticulocyte count. Jaundice and abdominal pain
are not typical manifestations of orotic aciduria. Instead, patients often develop failure to thrive and
have facial dysmorphism, congenital ureteric or heart defects, and recurrent infections.

E - Polymerization of abnormal hemoglobin

Explanation Why

Polymerization of abnormal hemoglobin can occur with production of hemoglobin S and is the
underlying pathology of sickle cell disease. An acute sickle cell crisis, which can occur following an
infection in patients with the homozygous sickle cell trait (HbSS), can manifest with abdominal pain
and acute hemolytic anemia. However, patients often have a history of similar sickle cell crises (e.g.,
bone pain, chest pain) that develop earlier in life. Most patients with HbSS become asplenic by 3-5
years of age as a result of repeated episodes of splenic infarction.

F - Lead poisoning

Explanation Why

Acute lead toxicity can result in abdominal pain and acute hemolytic anemia. However, there is no
indication that this patient has a history of lead exposure (e.g., ingestion of lead paint). In addition,
lead toxicity typically causes neurologic features (e.g., weakness, confusion, memory loss).
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G - Absent hemoglobin beta chain

Explanation Why

The absence of hemoglobin beta-chain is seen in patients with beta-thalassemia major. Beta-
thalassemia major can result in hemolytic anemia and splenomegaly. However, the onset of
symptoms in beta-thalassemia major occurs much earlier in life (usually at the end of infancy), and
patients typically have massive hepatosplenomegaly (unlike the mild splenomegaly seen in this
patient), microcytic anemia, thalassemic facies (e.g., maxillary hyperplasia, frontal bossing), and a
history of multiple transfusions in early childhood.
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Question # 19

A 48-year-old man comes to the emergency department because of sudden right flank pain that began

3 hours ago. He also noticed blood in his urine. Over the past two weeks, he has developed progressive
lower extremity swelling and a 4-kg (9-1b) weight gain. Examination shows bilateral 2+ pitting edema of
the lower extremities. Urinalysis with dipstick shows 4+ protein, positive glucose, and multiple red cell
and fatty casts. Abdominal CT shows a large right kidney with abundant collateral vessels and a filling
defect in the right renal vein. Which of the following is the most likely underlying cause of this patient's

symptoms?

Answer

Image

A || Factor V Leiden

B || Increased lipoprotein synthesis

C || Loss of antithrombin III

D || Malignant erythropoietin production

E || Antiphospholipid antibodies
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Hint

This patient's urinalysis (significant proteinuria, glycosuria, fatty casts) in the setting of lower extremity
swelling and weight gain are highly suggestive of nephrotic syndrome. His flank pain and hematuria
with an identified filling defect indicate an acute renal vein thrombosis, likely a result of a
hypercoagulable state induced by nephrotic syndrome.
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Correct Answer

A - Factor V Leiden

Explanation Why

The Factor V Leiden mutation, producing a Factor V that is resistant to degradation by protein C, is
the most common inherited cause of hypercoagulability in the Caucasian population. While this
mutation does increase the risk of venous thromboembolism, it usually manifests as a DVT or PE.
Furthermore, this patient's renal vein thrombosis occurring in the context of nephrotic syndrome
makes another answer option more likely.

B - Increased lipoprotein synthesis

Explanation Why

The significant loss of circulating protein in nephrotic syndrome induces a compensatory increase in
the synthesis of lipoproteins to attempt to maintain oncotic pressure. This elevates circulating
cholesterol and triglyceride levels, eventually leading to lipiduria, which manifests as fatty casts on
urinalysis, as seen in this patient. However, this process does not induce hypercoagulability.

Explanation Why

Nephrotic syndrome is characterized by a massive renal loss of protein due to structural damage of
the glomerular filtration barrier. This nonselective proteinuria includes the loss of antithrombin I1I,
leading to a hypercoagulable state due to decreased inhibition of Factor Ila and Factor Xa. The
additional loss of albumin reduces the oncotic pressure inside blood vessels, leading to fluid shifts
into the extravascular space, as evidenced by this patient's signs of volume overload (weight gain,
lower extremity edema). This reduces intravascular volume, worsening the hypercoagulability,
significantly increasing the risk of thromboembolic events such as this patient's renal vein
thrombosis.
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D - Malignant erythropoietin production

Explanation Why

Increased production of EPO can be a result of renal cell carcinoma. Increased EPO causes a
hypercoagulable state via secondary polycythemia, which increases the risk of thrombosis. Although
RCC can also present with hematuria and flank pain and even extend into the renal vein, the
abdominal CT shows no evidence of tumor invasion in the renal capsule. RCC would also not
account for this patient's nephrotic syndrome.

E - Antiphospholipid antibodies

Explanation Why

Antiphospholipid antibodies can be seen in systemic lupus erythematosus (SLE). SLE can also
present with renal disease (lupus nephritis) and a hypercoagulable state, as these antibodies inhibit
fibrinolysis and activate platelets and other procoagulant factors. However, a diagnosis of SLE is
unlikely in a middle-aged man with no rash or history of autoimmune disease.
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Question # 20

A 47-year-old woman comes to the physician because of easy bruising and fatigue. She appears pale.

Her temperature is 38°C (100.4°F). Examination shows a palm-sized hematoma on her left leg.

Abdominal examination shows an enlarged liver and spleen. Her hemoglobin concentration is 9.5 g/dL,

leukocyte count is 12,3OO/mm3 , platelet count is 55 ,000/mm3 , and fibrinogen concentration is

120 mg/dL (N = 150-400). Cytogenetic analysis of leukocytes shows a reciprocal translocation of
chromosomes 15 and 17. Which of the following is the most appropriate treatment for this patient at this

time?

Answer

Image

A || Platelet transfusion

B || Rituximab

C || All-trans retinoic acid

D || Imatinib

E || Cyclophosphamide
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Hint

A chromosomal t(15;17) translocation is characteristic of acute promyelocytic leukemia (M3), which
would explain this patient's B symptoms (low-grade fever, fatigue) and signs of coagulopathy (easy
bruising, fibrinogen).
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Correct Answer

A - Platelet transfusion

Explanation Why

Platelet transfusion would be indicated in the case of serious bleeding with a platelet count < 50,000/

mm? and in asymptomatic patients with a platelet count < 10,000/mm3, neither of which is the case
here.

B - Rituximab

Explanation Why

Rituximab, an anti-CD-20 monoclonal antibody that targets B cells, is used to treat autoimmune
diseases and leukemias/lymphomas (e.g. chronic lymphocytic leukemia (CLL)). CLL is typically a
disease of the elderly that manifests with B symptoms, splenomegaly, painless lymphadenopathy,
and laboratories showing extreme leukocytosis, unlike this patient. Furthermore, CLL does not
explain the reciprocal translocation of chromosomes 15 and 17 in her leukocytes.

Explanation But

Some subtypes of AML (especially M3) exhibit characteristic Auer rods, which are pinkish-red, rod-
shaped granular components within the cytoplasm.

Explanation Why

Retinoic acid binds its nuclear receptors to stimulate histone acetylation, which promotes gene
expression that regulates the maturation and proliferation of granulocytes. The t(15;17) translocation
causes acute promyelocytic leukemia by altering the retinoic acid receptor such that physiologic
levels of retinoic acid no longer activate it. High-dose all-trans retinoic acid activates the mutated
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receptor and thereby restores maturation of otherwise malignant granulocytes.

D - Imatinib

Explanation Why

The tyrosine kinase inhibitor imatinib is appropriate as first-line targeted therapy for patients with
chronic myelogenous leukemia (CML). CML may present with splenomegaly and B symptoms, as
seen here. However, in > 90% of cases, CML is caused by a chromosomal t(9;22) translocation, also
known as the Philadelphia chromosome, rather than a chromosomal t(15;17) translocation.

E - Cyclophosphamide

Explanation Why

Cyclophosphamide is used for induction therapy in patients with chronic lymphocytic leukemia
(CLL) and other conditions requiring myelosuppression, such as autoimmune diseases. Alkylating
agents such as cyclophosphamide may increase the risk of developing AML, but they are usually not
part of first-line treatment in patients with acute leukemias.
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Question # 21

A 32-year-old woman comes to the physician with fever and malaise. For the past two days, she has felt
fatigued and weak and has had chills. Last night, had a temperature of 40.8°C (104.2°F). She has had a
sore throat since this morning. The patient was recently diagnosed with Graves disease and started on
methimazole. Laboratory studies show:

Hemoglobin

13.3 g/dL

Leukocyte count

3,200/mm’>

Segmented neutrophils || 8%

Basophils <1%
Eosinophils <1%
Lymphocytes 80%
Monocytes 11%

Platelet count 220,000/mm3

Which of the following actions by the physician is most appropriate?

Answer

Image

A || Switch to propylthiouracil

B || Perform bone marrow biopsy

C || Test for EBV, HIV, and CMV infection

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Answer

Image

Begin oral aminopenicillin

Discontinue methimazole
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Hint

This patient presents with signs of active infection (fever, malaise), and the laboratory tests show severe
neutropenia (agranulocytosis). This should be considered a medical emergency and requires immediate
management of the underlying cause.
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Correct Answer

A - Switch to propylthiouracil

Explanation Why

Propylthiouracil (PTU) is an antithyroid drug of the thionamide class. Like other drugs in this class,
it can cause agranulocytosis. If a patient develops agranulocytosis while taking a thionamide drug,
the use of another drug of the same class is contraindicated because of the high risk of cross-

reactivity.

B - Perform bone marrow biopsy

Explanation Why

In patients with agranulocytosis, bone marrow biopsy is useful for determining bone marrow
disorders and malignancies as the underlying cause. Because bone marrow disorders (e.g., aplastic
anemia) typically affect all cell lines, it is unlikely in this patient. The majority of cases of
agranulocytosis are of a different etiology that can be determined without performing invasive tests.

C - Test for EBYV, H1V, and CMYV infection

Explanation Why

Viral infection with EBV, HIV, or CMV could explain this patient's fever, malaise, and sore throat.
Furthermore, infection with these viruses can suppress hematopoiesis, resulting in pancytopenia,
which is defined as a decrease in the number of all cell lines in the blood (i.e., erythrocytes,
leukocytes, platelets). This patient, however, has isolated severe neutropenia (agranulocytosis),
which is not typically caused by those viruses.
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D - Begin oral aminopenicillin

Explanation Why

Administration of oral aminopenicillin is the treatment of choice for patients with acute GAS
tonsillitis. While this patient's findings (fever, malaise, dysphagia) are suggestive of acute tonsillitis,
the absence of tonsillar exudate makes it unlikely. More importantly, this patient's laboratory tests
confirm that she has agranulocytosis. She is at high risk of developing a severe, systemic infection.
Oral antibiotics would not be sufficient.

Explanation Why

This patient recently began taking methimazole, an antithyroid drug, which is associated with a risk
of agranulocytosis that usually occurs within the first 3 months of treatment. In patients with
laboratory evidence of drug-induced neutropenia, the offending drug should be discontinued
immediately, regardless of whether the patient is symptomatic. This patient has signs of active
infection (fever, malaise, chills) in association with agranulocytosis, which should be considered a
medical emergency requiring immediate discontinuation of the drug.
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Question # 22

A 75-year-old man comes to the physician because of fatigue and decreased urine output for 1 week. He
takes ibuprofen as needed for lower back pain and docusate for constipation. Physical examination
shows tenderness to palpation over the lumbar spine. There is pedal edema. Laboratory studies show a
hemoglobin concentration of 8.7 g/dL, a serum creatinine concentration of 2.3 mg/dL, and a serum
calcium concentration of 12.6 mg/dL. Urine dipstick is negative for blood and protein. Which of the
following is the most likely underlying cause of this patient's symptoms?

Answer Image

A || Antiglomerular basement membrane antibodies

B || Immunoglobulin light chains

C || Renal deposition of AL amyloid

D || Anti double-stranded DNA antibodies

E || Hypersensitivity reaction
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Hint

This elderly patient presents with features of renal failure including oliguria, peripheral edema
(indicating fluid overload), and elevated serum creatinine. His history of fatigue, persistent bone pain,
and constipation (which could be due to hypercalcemia), together with the findings of anemia and
hypercalcemia, make multiple myeloma the most likely underlying cause.
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Correct Answer

A - Antiglomerular basement membrane antibodies

Explanation Why

Antiglomerular basement membrane antibodies (anti-GBM antibodies) suggest Goodpasture
syndrome, which can also cause fatigue and renal failure with edema, as seen in this patient.
However, this patient lacks signs of pulmonary involvement (e.g., hemoptysis, cough) and renal
failure is typically rapidly progressive with proteinuria and hematuria. The bone pain and
constipation in this patient are better explained by another cause.

Explanation But

Besides myeloma cast nephropathy, renal disease in MM patients may be due to various other
mechanisms, including AL amyloidosis (usually presenting with nephrotic syndrome due to
glomerular dysfunction) or hypercalcemia (causing nephrocalcinosis).

Explanation Why

Precipitation of excessive nephrotoxic immunoglobulin light chains (Bence Jones proteins) is the
underlying cause of myeloma cast nephropathy and the most common form of acute or subacute
kidney injury in patients with multiple myeloma (MM). The light chains cause eosinophilic
intratubular cast formation and obstruction. They have a direct toxic effect on the renal tubular
epithelial cells, resulting in tubular atrophy. A dipstick urine test cannot detect light chain proteins in
the urine since it is specific for albumin.
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C - Renal deposition of AL amyloid

Explanation Why

Renal deposition of AL amyloid suggests a renal manifestation of AL amyloidosis, which may occur
in patients with multiple myeloma. However, AL amyloidosis typically affects multiple organ
systems, such as the kidneys (nephrotic syndrome with proteinuria and orthostatic hypotension),
heart (restrictive cardiomyopathy, atrioventricular block), and gastrointestinal tract (malabsorption
syndromes). This patient has no cardiac abnormalities and urinalysis was negative for proteins.

D - Anti double-stranded DNA antibodies

Explanation Why

Anti-dsDNA antibodies are typically found in systemic lupus erythematosus (SLE). By cross-
reacting with the glomerular basement membrane, they promote an inflammatory response, which
may result in lupus nephritis. This patient's renal failure, lower back pain (possibly due to arthritis),
and fatigue do support this diagnosis. However, he lacks other classic findings of underlying SLE,
e.g., fever, cardiac abnormalities, and/or a malar rash. Lastly, hematuria and proteinuria are common
in lupus nephritis but are not present here.

E - Hypersensitivity reaction

Explanation Why

Hypersensitivity reaction is the underlying pathomechanism of allergic interstitial nephritis, which
may occur in patients with long-term use of analgesic agents, including ibuprofen. However, it
usually causes acute inflammation with fever, colicky flank pain (due to papillary necrosis), and/or
hematuria, none of which is present in this patient.
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Question # 23

A 27-year-old woman with sickle cell disease and at 39-weeks' gestation is brought to the emergency
department in active labor. She has had multiple episodes of acute chest syndrome and has required
several transfusions in the past. She has a prolonged vaginal delivery complicated by postpartum
bleeding, and she receives a transfusion of 1 unit of packed red blood cells. One hour later, the patient
experiences acute flank pain. Her temperature is 38.7°C (101.6°F), pulse is 115/min, respirations are
24/min, and blood pressure is 95/55 mm Hg. Foley catheter shows dark brown urine. Further evaluation
of this patient is most likely to show which of the following?

Answer

Image

A || Bilateral pulmonary infiltrates on chest x-ray

B || Serum antibodies against class I HLA antigens

C || Positive direct Coombs test

D || Positive blood cultures

E || Low levels of serum IgA immunoglobulins
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Hint

This patient developed fever, hypotension, tachypnea, tachycardia, flank pain, and likely
hemoglobinuria (dark brown urine) within 1-2 hours of receiving a blood transfusion, which is
consistent with an acute hemolytic transfusion reaction.
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Correct Answer

A - Bilateral pulmonary infiltrates on chest x-ray

Explanation Why

Bilateral pulmonary infiltrates that develop within 6 hours of transfusion of a blood product may
indicate either transfusion-related acute lung injury (TRALI) or transfusion-associated circulatory
overload (TACO). Both TRALI and TACO could present with acute distress, tachypnea, and
tachycardia, as seen in this patient, and patients with TRALI may also develop fever and
hypotension. However, patients with TRALI or TACO would present with hypoxemia as a result of
respiratory insufficiency and bilateral crackles due to pulmonary edema. Moreover, patients with
TACO are usually afebrile and hypertensive rather than hypotensive, given their state of circulatory
overload. Together with the normal SpO», the absence of these findings makes these diagnoses
unlikely.

B - Serum antibodies against class I HLA antigens

Explanation Why

Serum antibodies directed against donor HLA antigens have been associated with febrile non-
hemolytic transfusion reactions (FNHTRs), as the antibodies may bind to HLA antigens on residual
donor leukocytes in blood products and possibly stimulate the release of inflammatory cytokines.
This reaction could cause this patient's fever and tachypnea, but FNHTR does not result in
hypotension. More importantly, the presence of hemoglobinuria and flank pain indicate that the
patient instead has intravascular hemolysis.

Explanation Why

A positive direct Coombs test indicates that RBCs in the patient's blood have bound antibodies. This
laboratory result would be consistent with a diagnosis of acute hemolytic transfusion reaction
(AHTR), in which donor RBC lysis is mediated by preformed antibodies in the patient's serum.
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AHTRs are most commonly due to ABO incompatibility, and less commonly due to a mismatch and
incompatibility of minor RBC antigens (e.g., anti-Jka, anti-Rh). Patients with a history of previous
transfusions, especially those with SCD, are more likely to be subject to alloimmunization against
foreign blood product antigens and subsequently have transfusion-related complications, including
but not limited to AHTRs.

D - Positive blood cultures

Explanation Why

Positive blood cultures in the postpartum period might suggest a diagnosis of puerperal sepsis, which
can present with fever, hypotension, tachypnea, and tachycardia. While this patient currently has a
number of findings that might raise concerns of sepsis, there is no evidence of a surgical site
infection (e.g., purulent discharge from the wound), endometritis/parametritis (e.g., foul-smelling
lochia, subinvolution of the uterus, cervical motion tenderness), or peritonitis (e.g., abdominal
guarding, rigidity) to suggest a focus for puerperal sepsis in this patient.

E - Low levels of serum IgA immunoglobulins

Explanation Why

Low levels of serum [gA immunoglobulins would be consistent with selective IgA deficiency.
Patients with selective IgA deficiency have antibodies against IgA, which then mediate an allergic
response and anaphylaxis during transfusion of blood products that incidentally contain donor IgA.
While this patient's acute distress, tachycardia, tachypnea, and hypotension might be consistent with
an anaphylactic response, the absence of corresponding angioedema, pulmonary (dyspnea, wheezing)
and skin findings (urticaria, pruritus, flush) are not consistent with this diagnosis.
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Question # 24

A 34-year-old woman comes to the physician because of recent fatigue and weakness that is exacerbated
by cross-country skiing. Four weeks ago, she was diagnosed with pneumonia; sputum cultures on Eaton
agar showed organisms that lacked a cell wall. Physical examination shows conjunctival pallor and
cyanosis of the fingertips. Both lungs are clear to auscultation. Which of the following findings is most

likely to confirm the diagnosis?

Answer

Image

Neutrophils with
hypersegmented nuclei

Erythrocytes with
B || denatured hemoglobin
inclusions

Microcytic, hypochromic
erythrocytes
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Answer

Erythrocytes with
basophilic granules

B Wisplinghoff Laboratories

Erythrocytes coated with
autoantibodies
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Hint

Eaton agar is used to grow Mycoplasma pneumoniae, which is associated with a certain type of anemia.
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Correct Answer

A - Neutrophils with hypersegmented nuclei

Image

Explanation Why

Hypersegmented neutrophils are diagnostic of megaloblastic anemia. Causes of megaloblastic
anemia include folate deficiency or vitamin B12 deficiency. Although this patient’s presentation is
consistent with anemia, megaloblastic anemia is not associated with M. pneumoniae infection.
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B - Erythrocytes with denatured hemoglobin inclusions

Image

Explanation Why

Denatured hemoglobin inclusions caused by oxidative stress can aggregate to form Heinz bodies.
Heinz bodies and bite cells are characteristic findings in patients with G6PD deficiency. Although
triggers of G6PD deficiency anemia include infection (as seen in this patient), this condition is an X-
linked recessive disorder and therefore unlikely to manifest in a female patient.

C - Microcytic, hypochromic erythrocytes

Explanation Why

Microcytic, hypochromic erythrocytes are most commonly seen in patients with iron-deficiency
anemia (IDA). Individuals with IDA can present with chronic fatigue and pallor, which are present in
this patient. However, IDA is not associated with or caused by a M. pneumoniae infection.
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D - Erythrocytes with basophilic granules

Image
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EI Wisplinghoff Laboratories

Explanation Why

The presence of basophilic granules in erythrocytes is known as basophilic stippling, which can be
seen on peripheral blood smear of patients with sideroblastic anemia (e.g., due to lead poisoning) or
thalassemia. Basophilic stippling is not associated with hematologic sequelae secondary to M.
pneumoniae infection.
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Image
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Autoimmune hemolysis Crossmatching

Explanation But

Cold agglutinin disease is associated with malignancy (e.g., CLL) and certain infections, including
hepatitis C and infection with M. pneumoniae, as seen in this patient.

Explanation Why

This patient presents with the hallmark sign of cold agglutinin disease (acrocyanosis in response to
exposure to cold temperatures). Cold agglutinins are cold-reactive IgM autoantibodies that are
located on the surface of erythrocytes and may lead to an increased turnover of RBCs, resulting in
hemolytic anemia. AIHA can be diagnosed with the direct Coombs test, which uses anti-human
globulin (Coombs reagent) to bind autoantibodies attached to the patient's erythrocytes.
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Question # 25

Three weeks after starting a new medication for hyperlipidemia, a 54-year-old man comes to the
physician because of pain and swelling in his left great toe. Examination shows swelling and erythema

over the metatarsophalangeal joint of the toe. Analysis of fluid from the affected joint shows

needle-shaped, negatively-birefringent crystals. Which of the following best describes the mechanism of

action of the drug he is taking?

Answer

Image

A || Promotion of hepatic LDL secretion

B || Inhibition of hepatic HMG-CoA reductase

C || Inhibition of intestinal bile acid absorption

D || Inhibition of hepatic VLDL synthesis

E || Inhibition of intestinal cholesterol absorption
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Hint

This patient was most likely prescribed the lipid-lowering agent niacin. Common side effects of niacin
include exacerbation of gout, which often presents with pain and swelling of the first
metatarsal-phalangeal joint of the foot (podagra).

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Correct Answer

A - Promotion of hepatic LDL secretion

Explanation Why

Fibrates (e.g., fenofibrate and gemfibrozil) are lipid-lowering medications that predominantly work
to lower triglycerides, but they also lower LDL levels. These drugs activate peroxisome proliferator-
activated receptor alpha (PPAR-a)), which causes increased lipoprotein lipase activity, elevated
triglyceride clearance, and promotion of hepatic LDL secretion. Side effects of fibrates include
hepatotoxicity, myopathy, and formation of cholesterol gallstones.

B - Inhibition of hepatic HMG-CoA reductase

Explanation Why

Statins are lipid-lowering medications and act by inhibiting hepatic HMG-CoA reductase, thereby
limiting the conversion of HMG-CoA to mevalonate (a cholesterol precursor). Statins decrease LDL
and triglyceride levels, and increase HDL levels. Common side effects include hepatotoxicity and
myalgias.

C - Inhibition of intestinal bile acid absorption

Explanation Why

Bile acid resins, such as cholestyramine, are lipid-lowering medications that induce the formation of
bile acid complexes in the small intestine, leading to reduced intestinal reabsorption of bile acids.
The subsequent excess cholesterol is then used to synthesize new bile salts, resulting in decreased
LDL levels. Side effects include GI upset, increased LFTs, and formation of cholesterol gallstones.
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Explanation But

Other drugs associated with hyperuricemia and gout include pyrazinamide, thiazides, furosemide,
and cyclosporine.

Explanation Why

Niacin is a lipid-lowering medication that decreases LDL and increases HDL levels via inhibition of
hepatic VLDL synthesis. Common side effects of niacin include exacerbation of gout (due to
niacin-induced hyperuricemia), flushing, hyperglycemia, GI upset, and increased LETs.

E - Inhibition of intestinal cholesterol absorption

Explanation Why

Ezetimibe is a lipid-lowering medication that decreases LDL levels by inhibiting cholesterol
absorption at the brush border of the small intestine. Side effects include diarrhea, myalgias, and
increased LFTs.
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Question # 26

A 20-year-old man comes to the physician because of a 3-day history of fever, myalgia, and swelling in

his left groin after a recent camping trip in northern California. He appears acutely ill. Physical

examination shows tender, left-sided inguinal lymphadenopathy and an enlarged, tender lymph node in
the right axilla that is draining bloody necrotic material. Microscopic examination of a lymph node
aspirate shows gram-negative coccobacilli with bipolar staining and a safety-pin appearance. This
patient's condition is most likely caused by an organism with which of the following reservoirs?

Answer Image
A || Deer
B || Birds
C || Squirrels i \
-\E /7 "
.ﬁﬁ % q!
L4 /.‘ ” '
D || Dogs
E || Bats
F || Sheep

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Hint

This patient's flu-like symptoms, necrotic lymphadenopathy, and history of recent camping in California
should raise suspicion for bubonic plague. The lymph node Gram stain is consistent with Yersinia pestis
infection.
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Correct Answer

A - Deer

Explanation Why

Deer are the reservoir for several different types of tick-borne illnesses, including ehrlichiosis
(transmitted by Amblyomma americanum, e.g., the lone-star tick), Borrelia burgdorferi (transmitted
by Ixodes species, e.g., deer ticks), and anaplasmosis (transmitted by Anaplasma species). Deer are
not a known reservoir of Yersinia pestis.

B - Birds

Explanation Why

Birds are the reservoir for Chlamydophila psittaci, the pathogen responsible for psittacosis, which is
transmitted to humans via inhalation of organisms contained in the feces and dander of infected
birds. Birds are not a reservoir of Yersinia pestis.
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Explanation Why

Yersinia pestis, the pathogen responsible for the bubonic plague, is transmitted to humans by fleas
and has a natural long-term reservoir in rodents (e.g., squirrels, rats, prairie dogs, rabbits). It is still
found in rural areas of the western US (California, Arizona, New Mexico), especially in forests and
grasslands. The diagnosis is confirmed via cultures and Wayson staining showing bipolar staining
(closed safety-pin appearance), but treatment should begin as soon as bubonic plague is suspected.
Aminoglycosides are the treatment of choice for plague.

D - Dogs

Explanation Why

Dogs are the reservoir for Rickettsia rickettsii (transmitted by the dog tick, Dermacentor variabilis),
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as well as for Pasteurella multocida, rabies, and Campylobacter jejuni. Dogs are not a known
reservoir for Yersinia pestis.

E - Bats

Explanation Why

Bats are the most common reservoir in the United States for rabies, which is transmitted to humans
via bite injuries. The virus migrates in retrograde fashion from peripheral nerves to the CNS, where it
causes rapidly progressive, fatal encephalitis. Bats are not a known reservoir of Yersinia pestis.

F - Sheep

Explanation Why

Sheep are the reservoir for several pathogens, including Coxiella burnetii, which causes Q fever
(diagnosed via direct immunofluorescence), and babesiosis (blood smear shows Maltese cross or ring
formations of intracellular protozoa). Sheep are not a known reservoir of Yersinia pestis.
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Question # 27

A 21-year-old woman with a history of acute lymphoblastic leukemia comes to the physician because
she has not had a menstrual period for 12 months. Menarche occurred at the age of 11 years, and menses
occurred at regular 28-day intervals until they became irregular 1 year ago. Physical examination shows
normal female genitalia and bimanual examination shows a normal-sized uterus. Laboratory studies
show markedly elevated FSH levels consistent with premature ovarian failure. Fluorescence in situ
hybridization studies show a 46,XY karyotype in the peripheral blood cells. Which of the following is

the most likely explanation for the male karyotype found on chromosomal analysis?

Answer

Image

A || Allogeneic bone marrow transplant

B || Miillerian duct agenesis

C || 21-hydroxylase deficiency

D || Radiation therapy

E || Defective androgen receptor
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Hint

This woman with a history of acute lymphoblastic leukemia (ALL) has secondary amenorrhea due to
premature ovarian failure, most likely related to chemotherapy she received in the past. Physical
examination shows a female phenotype, whereas chromosomal analysis shows a male genotype.
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Correct Answer

Explanation But

Other types of grafts include isografts (e.g., from an identical twin) and xenografts (e.g., from a pig).

Explanation Why

Allogeneic stem cell transplantation is used in post-remission therapy of patients with ALL who have
a high risk of relapse. In contrast to autologous stem cell transplantation, which involves the
removal, storage, and retransfusion of a patient's own cells, allogenous stem cell transplantation
refers to the administration of hematopoietic stem cells from a sibling or unrelated donor.
Chromosomal analysis in this female patient shows a male genotype (46,XY karyotype) because she
received stem cells from a male donor (e.g., sex-mismatched transplantation). This patient's
premature ovarian failure is most likely related to cytotoxic effects of chemotherapy and radiation
administered prior to the allogeneic stem cell transplantation.

B - Miillerian duct agenesis

Explanation Why

Miillerian duct agenesis (Mayer-Rokitansky-Kiister-Hauser syndrome) is a rare, congenital defect
that manifests with normally functioning gonads, female phenotype, and primary amenorrhea due to
a missing or abnormal uterus. In contrast to this patient, premature ovarian failure and male genotype
on FISH analysis would not be expected.

C - 21-hydroxylase deficiency

Explanation Why

21-hydroxylase deficiency is seen in patients with congenital adrenal hyperplasia (CAH), a group of
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autosomal recessive defects in the enzymes responsible for cortisol, aldosterone, and androgen
synthesis. In contrast to this patient, 21-hydroxylase deficiency in women most commonly manifests
with hypotension, virilization, and precocious puberty. Although menstrual irregularities can occur in
CAH, the mechanism differs from premature ovarian failure. It would not explain the male genotype
seen in this patient.

D - Radiation therapy

Explanation Why

Radiation is used as CNS preventive therapy in patients with ALL, and it has been associated with
amenorrhea and premature ovarian failure due to cytotoxic effects on oocytes. However,
radiotherapy of the CNS would not cause a male genotype on FISH, which is seen in this patient.

E - Defective androgen receptor

Explanation Why

Defective androgen receptor function is the underlying cause of androgen insensitivity syndrome, an
X-linked recessive mutation of the gene locus encoding the androgen receptor. Patients present with
amenorrhea, variable degrees of feminization, and a 46,XY karyotype. However, a blind vaginal
pouch, uterine agenesis, and primary amenorrhea (rather than secondary amenorrhea) would also be
expected.
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Question # 28

A 33-year-old woman comes to the physician because of left leg pain and swelling for 1 day. She has
had two miscarriages but otherwise has no history of serious illness. Physical examination shows stiff,
swollen finger joints. The left calf circumference is larger than the right and there is a palpable cord in
the left popliteal fossa. Laboratory studies show a prothrombin time of 12 seconds and an activated
partial thromboplastin time of 51 seconds. Which of the following is most likely to confirm the
diagnosis?

Answer Image

A || Anti-nuclear antibodies

B || Anti-ribonucleoprotein antibodies

C || Anti-cyclical citrullinated peptide antibodies

D || Anti-DNA topoisomerase I antibodies

Antiphospholipid syndrome
(APS) =
Amaurosis fugax —
5 ns are often associated

E || Anti-B2 glycoprotein antibodies

F || Anti-synthetase antibodies
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Hint

Multiple miscarriages, deep vein thrombosis (asymmetric calf swelling with a palpable cord), and
prolonged aPTT are consistent with antiphospholipid syndrome (APS).
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Correct Answer

A - Anti-nuclear antibodies

Explanation Why

Anti-nuclear antibodies (ANA) are nonspecific autoantibodies that can be elevated in several
autoinflammatory conditions, most notably SLE. Their presence can be helpful in establishing the
diagnosis. SLE is the most common condition associated with antiphospholipid syndrome, which is
the suspected cause of this patient's deep vein thrombosis. However, the detection of ANA does not
aid in establishing the diagnosis of APS.

B - Anti-ribonucleoprotein antibodies

Explanation Why

Anti-ribonucleoprotein antibodies (anti-U1 RNP antibodies) are elevated in patients with mixed
connective tissue disease (MCTD). MCTD is characterized by overlapping features of systemic
lupus erythematosus, polymyositis, systemic sclerosis, and Raynaud phenomenon. However, MCTD
does not predispose to arterial or deep vein thrombosis and is an unlikely cause of this patient's
current presentation and history of recurrent miscarriage.

C - Anti-cyclical citrullinated peptide antibodies

Explanation Why

Anti-cyclic citrullinated peptide antibodies are specific for rheumatoid arthritis, which is an
important differential diagnosis to consider in a patient with stiff, swollen finger joints. Presence of
anti-CCP antibodies would not confirm a diagnosis of antiphospholipid syndrome, but could be
useful in ruling out RA as the cause of this patient's APS.
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D - Anti-DNA topoisomerase I antibodies

Explanation Why

Anti-DNA topoisomerase I antibodies are seen in diffuse systemic sclerosis, which should be

considered in patients presenting with stiff, swollen finger joints. The absence of other classic
features, including Raynaud phenomenon, cutaneous findings (diffusely thickened and hardened

skin), and multiple organ system involvement (e.g., gastrointestinal tract, lungs, kidneys) makes this
an unlikely diagnosis. Furthermore, diffuse SSc does not predispose patients to thrombosis, as seen
here; detection of anti-DNA topoisomerase I antibodies would not be helpful in confirming the

correct diagnosis.

Image

Antiphospholipid syndrome
(APS)

Etiology
Secondary forms are often associated
with SLE.

Epidemiology
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Explanation But

APS most commonly occurs secondary to SLE. Any signs suggestive of SLE (e.g., stiff, swollen
joints) require further diagnostic workup.

Explanation Why

Anti-$2 glycoprotein antibodies are procoagulatory antiphospholipid antibodies used in the diagnosis
of antiphospholipid syndrome. These antibodies inactivate anticoagulant proteins (e.g., protein C and
protein S, antithrombin III) and activate platelets and vascular endothelium, thereby resulting in a
hypercoagulable state with an increased risk of arterial and venous thrombi. Another important
antiphospholipid antibody implicated in APS is the lupus anticoagulant, which is responsible for the
prolonged aPTT seen in this patient.

F - Anti-synthetase antibodies

Explanation Why

Anti-synthetase antibodies, such as anti-Jo-1 antibodies, are associated with dermatomyositis (DM)
and polymyositis. These rheumatic diseases are characterized by progressive muscle weakness due to
chronic inflammation of skeletal muscles, as well as cutaneous manifestations (e.g., heliotrope rash).
Neither conditions cause an increased risk of thrombosis, as seen in this patient.
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Question # 29

A 68-year-old man comes to his physician because of fatigue, night sweats, chills, and a 5-kg (11-1b)
weight loss during the past 3 weeks. Eight years ago, he was treated for a hematological malignancy
after biopsy of a neck swelling showed CD15+ and CD30+ cells. Physical examination shows
conjunctival pallor and scattered petechiae. A peripheral blood smear is shown. Which of the following
is the most likely explanation for this patient's current condition?

Answer Image

Accelerated
phase of

A || chronic
myeloid
leukemia
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Answer

Image

Leukemic
transformation
of T-cell
lymphoma

Richter
transformation
of small
lymphocytic
lymphoma

Leukemic
transformation
of
myelodysplastic
syndrome

Radiation-
induced
myeloid
leukemia

Myeloblast Promyelocyte Myelocyte Metamyelocyte

Leukemic hiatus
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Band Segmented
neutrophil neutrophil
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Chronic myeloid leukem

Acute myeloid leukem

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Hint

Lymphadenopathy with cells that are positive for CD15 and CD30 (Reed-Sternberg cells) is
characteristic of Hodgkin lymphoma (HL). This patient who previously had HL currently presents with
constitutional symptoms, signs of bone marrow failure, and a peripheral blood smear showing a cell that
contains an Auer rod.
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Correct Answer

A - Accelerated phase of chronic myeloid leukemia

Explanation But
CD15, which is also seen in myeloid cells such as neutrophils, may be weakly positive in CML.
Explanation Why

Accelerated phase of chronic myeloid leukemia (CML) is characterized by transformation of CML
into ALL or AML. Although this patient currently has features of acute leukemia, the initial
hematological malignancy in this patient was not CML because lymph nodes in CML would have
been positive for t(9;22) and myeloid markers such as CD13 and CD33. CD30+ cells would not be
expected.

B - Leukemic transformation of T-cell lymphoma

Explanation Why

Sezary syndrome is characterized by the leukemic dissemination of neoplastic T-cells in a patient
with cutaneous T-cell lymphoma (mycosis fungoides). However, patients with Sezary syndrome
would have features such as erythroderma and T-cells with cerebriform nuclei (Sezary cells) on a
peripheral blood smear, instead of Auer rod-containing cells seen here. Moreover, the lymph nodes
of the initial malignancy (mycosis fungoides) would have shown cells with T-cell markers such as
CD2, CD3, and CD4, not CD15 and CD30.

C - Richter transformation of small lymphocytic lymphoma

Explanation Why

Richter transformation describes the conversion of small lymphocytic lymphoma (SLL) into an
aggressive diffuse large B-cell lymphoma (DLBCL). Patients with DLBCL can manifest with
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fatigue, night sweats, chills, and weight loss, as seen in this patient currently. However, lymph node
biopsy of the initial malignancy (SLL) would have shown B-cell markers such as CD5, CD19, and
CD23, rather than CD15+ and CD30+ cells. Moreover, Auer rods, which are characteristic of
myeloblasts, would not be seen in patients with DLBCL.

D - Leukemic transformation of myelodysplastic syndrome

Explanation Why

Leukemic transformation is a complication that presents in up to 30% of cases of myelodysplastic
syndrome (MDS). Although this patient has features of leukemia, the initial hematological disease in
this patient was not MDS because MDS does not cause lymphadenopathy or the formation of
neoplastic cells that are CD15+ and C30+.

Image

L

Tt

Myeloblast Promyelocyte Myelocyte Metamyelocyte Banc
neutroj

Chi

Leukemic hiatus A

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Explanation Why

The presence of Auer rods is characteristic of myeloblasts, which would be seen in the peripheral
smear of a patient with acute myeloid leukemia (AML). AML would manifest with pallor (due to
anemia), petechiae (due to thrombocytopenia), and constitutional symptoms such as fatigue, night
sweats, chills, and weight loss. Radiotherapy and alkylating chemotherapeutic agents (e.g.,
procarbazine, ifosfamide), both of which would have been used to treat the Hodgkin lymphoma in
this patient, are important risk factors for AML. Other important risk factors for AML are
myeloproliferative disorders (e.g, CML) and Down syndrome. The diagnosis of AML is confirmed
by the presence of > 20% myeloblasts on bone marrow aspiration.
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Question # 30

A 48-year-old woman comes to the physician because of a 3-month history of low-grade fever,
unintentional weight loss, night sweats, and a right-sided neck mass. Examination shows pallor. There is
a non-tender and immobile right-sided cervical mass and enlarged axillary and inguinal lymph nodes.
The liver is palpated 4 cm below the right costal margin, and the spleen is palpated 3 cm below the left
costal margin. Histopathologic examination of a cervical lymph node biopsy specimen shows a nodular
proliferation of centrocytes and centroblasts that stain positive for CD20. Genetic analysis shows a
reciprocal translocation of chromosomes 14 and 18. This patient's condition is most likely caused by
mutation of an oncogene that encodes for a protein involved in which of the following cellular
processes?

Answer Image

A || Hydrolysis of guanosine triphosphate

B || Upregulation of cytokine receptor binding

C || Transfer of phosphate from ATP to cellular protein

D || Inhibition of DNA break repair

E || Phosphorylation of serine and threonine

F || Inhibition of programmed cell death
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Hint

This patient's symptoms and biopsy results are consistent with follicular lymphoma, which is associated
with mutation of the Bcl-2 oncogene.
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Correct Answer

A - Hydrolysis of guanosine triphosphate

Explanation Why

KRAS proto-oncogene encodes for a GTPase that regulates cell proliferation by hydrolyzing
guanosine triphosphate (GTP). Mutation of the KRAS gene can result in unregulated intracellular
signaling, which increases the risk of cancers such as colorectal cancer, lung adenocarcinoma, and
pancreatic cancer. Follicular lymphoma, however, is associated with mutation of the Bcl-2 oncogene.

B - Upregulation of cytokine receptor binding

Explanation Why

Mutation of the proto-oncogene c-Kit leads to upregulation of cytokine receptor binding, which
stimulates uncontrolled cell proliferation and migration. Mutation of this oncogene is associated with
gastrointestinal stromal tumors (GIST) as well as mastocytomas, seminomas, embryonal carcinomas,
and myeloid leukemias. Follicular lymphoma, however, is associated with mutation of the Bcl-2

oncogene.

C - Transfer of phosphate from ATP to cellular protein

Explanation Why

Tyrosine kinases phosphorylate cellular proteins via transfer of a phosphate group from ATP.
Pathological activation of cytoplasmic tyrosine kinase genes leads to uncontrolled downstream
signaling that can cause uninhibited proliferation of tissue and promote carcinogenesis. Increased
activity of tyrosine kinases is associated with a number of neoplasms, such as ALL, CML (mutation
of BCR-ABL fusion gene), and chronic myeloproliferative disorders (mutation of JAK-2). Follicular
lymphoma, however, is associated with mutation of the Bcl-2 oncogene.
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D - Inhibition of DNA break repair

Explanation Why

The tumor suppressor genes BRCA1 and BRCA2 encode for DNA repair proteins that conduct
homologous end joining, a mechanism by which double-stranded DNA breaks are repaired. If there
is a mutation in BRCA and dsDNA breaks are not repaired, other DNA mutations can occur that
increase the risk of cancers such as breast cancer, ovarian cancer, and pancreatic cancer. Follicular
lymphoma, however, is associated with mutation of the B¢l-2 oncogene.

E - Phosphorylation of serine and threonine

Explanation Why

B-Raf kinase (encoded by BRAF proto-oncogene) catalyzes phosphorylation of serine and threonine
residues. Mutation in BRAF gene can result in overactivation of growth signals, which can lead to
papillary thyroid cancer, melanoma, and non-Hodgkin lymphomas. Follicular lymphoma, however,
is associated with mutation of the Bcl-2 oncogene.

Explanation But

Other disorders associated with alteration in Bcl-2 proteins include diffuse large B-cell lymphoma.

Explanation Why

Overexpression of Bcl-2 due to a gain of function mutation of the Bcl-2 oncogene inhibits the
programmed cell death of B lymphocytes, causing follicular lymphoma. Bcl-2 proteins are
antiapoptotic gene products that prevent mitochondrial leakage of cytochrome c (release of
cytochrome c initiates apoptosis via activation of caspases). Disruptions in apoptosis of damaged or
faulty cells cause immortality of neoplastic tissue and thus promote cancer development.
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Question # 31

A 32-year-old woman comes to the physician because of fatigue and joint pain for the past 4 months.
Examination shows erythema with scaling on both cheeks that spares the nasolabial folds and two 1-cm
ulcers in the oral cavity. Further evaluation of this patient is most likely to show which of the following

findings?

Answer

A || Decreased lymphocyte count

Systemic lupus erythematosus

Etiology
Epidemiology

Serology
ANA [antinu

Laboratory findings
( 1 m nes

_ Malarrash,
dryeves (sicca sy )

Peripheral neuropathy

B || Increased platelet count

3

Increased complement component

D || Increased prothrombin time

E || Decreased gamma globulin
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Hint

Arthralgia, a malar rash, and oral ulcers in a young, female patient make systemic lupus erythematosus
(SLE) the most likely diagnosis.
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Correct Answer

Image
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Explanation Why

Peripheral neurapathy ——————  §

Morscarring alopecia
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Oral ulcers, cheilitis

Esophagitis

Serasitis (pleuritis or pericarditis)

Menerosive arthritis
Myalgia

Arthralgia

Lymphocytopenia is a typical finding in patients with systemic lupus erythematosus, particularly
during active disease, and is presumably caused by autoimmune-mediated cell destruction. Both at
diagnosis and throughout the disease, decreased cell counts of all lineages may be present, with
anemia being the most common hematological abnormality.

B - Increased platelet count

Explanation Why

An increased platelet count would not be expected in patients with SLE. Rather, mild
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thrombocytopenia occurs in up to 50% of patients due to autoimmune-mediated cell destruction.
Thrombocytosis has been noted in patients who have experienced autosplenectomy as part of SLE
disease progression, but this is far less common than thrombocytopenia.

C - Increased complement component 3

Explanation Why

A key element of the pathogenesis of this patient's SLE is the accelerated triggering of apoptosis due
to an overactive immune system. The subsequent increased demand for the clearance of cellular
debris places an increased burden on the complement system, which helps to mediate the
phagocytosis of dead cells. Therefore, patients with SLE exhibit notably decreased complement 3
and 4 levels.

D - Increased prothrombin time

Explanation Why

Increased prothrombin time (PT) can be caused by liver cirrhosis, vitamin K deficiency, warfarin
therapy, or disseminated intravascular coagulation. In patients with SLE, increased partial
thromboplastin time (PTT) due to the presence of antiphospholipid antibodies would be expected
rather than increased PT.

E - Decreased gamma globulin

Explanation Why

The autoimmune nature of this patient's SLE would lead to increased gamma globulin production
due to an overly active immune system. Decreased gamma globulin levels are seen in
immunodeficiencies or can be caused by certain drugs (e.g., sulfasalazine).
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Question # 32

A 35-year-old woman that is currently being treated for chronic hepatitis C comes to the physician
because of progressive fatigue for 10 days. Previous attempts to treat her hepatitis C infection have been
unsuccessful. Examination shows pale conjunctivae. Her hemoglobin concentration is 10.1 g/dL, serum
total bilirubin concentration is 1.9 mg/dL, and LDH is 259 U/L. A Coombs test is negative. Assuming

her current condition is an adverse drug eftect, which of the following mechanisms most likely

contributes to the pharmacologic efficiency of this drug?

Answer

Image

A || Activation of leukocytes

B || Decreased release of progeny virus

C || Inhibition of reverse transcriptase

D || Inhibition of protease

E || Decreased synthesis of guanine nucleotides
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Hint

A combination of decreased hemoglobin, elevated bilirubin, and elevated LDH indicates hemolytic
anemia, which is a known side effect of ribavirin.
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Correct Answer

A - Activation of leukocytes

Explanation Why

Activation of leukocytes is the mechanism of action of interferon-alpha. Although IFN-a is a known
cause of anemia secondary to bone marrow suppression, it is not a common cause of drug-induced
hemolytic anemia.

B - Decreased release of progeny virus

Explanation Why

Decreased release of progeny virus is the mechanism of action of neuraminidase inhibitors (e.g.,
oseltamivir). Neuraminidase inhibitors are used in the treatment of influenza and have no role in
HCV treatment. Typical side effects include gastrointestinal symptoms, headaches, and an increased
risk of upper respiratory tract infections.

C - Inhibition of reverse transcriptase

Explanation Why

Inhibition of reverse transcriptase is the mechanism of action of both NNRTIs and NRTIs, which are
used in the treatment of HIV and HBV infections. Because HCV is not a retrovirus, reverse
transcriptase inhibitors do not play a role in HCV treatment. NNRTIs and NRTIs cause numerous
side effects including bone marrow suppression (anemia, neutropenia), myopathy, neuropathy, and
hypersensitivity reactions.
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D - Inhibition of protease

Explanation Why

Inhibition of protease (specifically the NS3/4A protease) is the mechanism of action of grazoprevir
and simeprevir. Because viral proteases are responsible for the proteolytic cleavage of HCV-encoded
polyproteins into mature viral proteins, inhibition of this enzyme leads to reduced HCV replication.
While NS3/4A protease inhibitors can cause excessive fatigue, they are not a known cause of drug-
induced hemolytic anemia.

Explanation Why

Decreased synthesis of guanosine monophosphate (GMP), a guanine nucleotide, through the
competitive inhibition of IMP dehydrogenase is one of the mechanisms of action of ribavirin. GMP
is used to create viral RNA; therefore, decreased GMP synthesis leads to impaired replication of
HCV. In addition, ribavirin also binds to the nucleotide-binding site of RNA polymerase, thereby
further inhibiting viral replication. Ribavirin-induced hemolytic anemia results from the
accumulation of phosphorylated forms of ribavirin within red blood cells; since RBCs lack
dephosphorylating enzymes, ribavirin accumulates within cells, leading to hemolysis. Because of the
advent of newer HCV medications, ribavirin is typically used as an adjunct in patients with
refractory hepatitis C infection.
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Question # 33

A 6-year-old boy is brought to the physician because of worsening fatigue for the past 4 weeks.
Examination of the head and neck shows conjunctival pallor, grayish-brown spots on the irises,
prominent epicanthal folds, and a broad nasal bridge. He has a single transverse palmar crease, and there
are scattered petechiae over the chest. An ultrasound of the abdomen shows enlargement of the liver and
spleen. Analysis of the bone marrow aspirate of this patient is most likely to show which of the
following findings?

Answer Image

Translocation
t(15;17)

Clusters of
plasma cells

Ringed
sideroblasts

https://t.me/USMLEAmMboss https://t.me/USMLEAmbOSS


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Answer

CD10
D i
positive cells
I Wisplinghoff Laborator
E Hypocellular

bone marrow
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Hint

The physical findings of prominent epicanthal folds and scattered, grayish-brown spots on the irises
(Brushfield spots) are suggestive of an underlying diagnosis of Down syndrome.
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Correct Answer

A - Translocation t(15;17)

Explanation Why

Translocation t(15;17) causes acute promyelocytic leukemia (APL), a subtype of acute myeloid
leukemia (AML) that can cause fatigue, pallor, petechiae, and hepatosplenomegaly. Though the
overall risk of developing AML in patients with Down syndrome is 10-20 times higher compared to
the rest of the population, APL is extremely rare in children with Down syndrome.

B - Clusters of plasma cells

Image

Explanation Why

Clusters of plasma cells in a bone marrow biopsy are characteristic of multiple myeloma, which can
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cause fatigue, pallor, petechiae, and hepatosplenomegaly. However, this condition is not associated
with Down syndrome and is very rare in patients < 40 years of age.

C - Ringed sideroblasts

Image

Explanation Why

Ringed sideroblasts are associated with sideroblastic anemia, which can cause fatigue and pallor.
However, sideroblastic anemia is not associated with Down syndrome and does not cause petechiae
or hepatosplenomegaly.
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Image

9

Explanation Why

This patient has fatigue, pallor, petechiae, and hepatosplenomegaly caused by acute leukemia.
Patients with Down syndrome have an increased risk of developing acute lymphocytic leukemia
(ALL) and acute myelogenous leukemia. Given this patient's young age, B-cell ALL is the most
likely diagnosis. A bone marrow aspirate from patients with this condition typically shows > 25%
lymphoblasts that are positive for CD10, a marker of pre-B cells.

E - Hypocellular bone marrow

Explanation Why

Hypocellular bone marrow is seen in patients with primary myelofibrosis and patients with hairy cell
leukemia. Though these conditions can cause symptomatic pancytopenia, they are not associated
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|

[

https://t.me/USMLEAmboss



https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

with Down syndrome and typically occur in middle-aged or older adults.

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Question # 34

A 60-year-old woman comes to the physician because of lower back pain, generalized weakness, and
weight loss that has occurred over the past 6 weeks. She also says that her urine has appeared foamy
recently. Physical examination shows focal midline tenderness of the lumbar spine and conjunctival
pallor. Her temperature is 100.5°F (38°C). A photomicrograph of a bone marrow biopsy specimen is
shown. Further evaluation of this patient is most likely to show which of the following findings?

Answer

Crescent-shaped, sheared
erythrocyte fragments
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Answer

Image

Erythrocytes with cytoplasmic
hemoglobin inclusions

B-lymphocytes with radial
cytoplasmic projections

Neutrophils with
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hypersegmented nuclear lobes %
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Grouped erythrocytes with C %
stacked-coin appearance 8 -
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Answer

Image

Myeloblasts with needle-shaped
cytoplasmic inclusions
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Hint

The image of this patient's bone marrow biopsy specimen shows plasma cells. Bone pain, weight loss,
low-grade fever, and frothy urine (suggestive of proteinuria) in a 60-year-old woman are highly
suspicious for a malignant disease that is characterized by uncontrolled plasma cell proliferation.
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Correct Answer

A - Crescent-shaped, sheared erythrocyte fragments

Image

Explanation Why

Helmet cells are crescent-shaped erythrocyte fragments that occur in microangiopathic hemolytic
anemia due to mechanical damage to red blood cells. Microangiopathic hemolytic anemia is usually
secondary to DIC, HUS, or TTP, which result in the formation of systemic microthrombi. This
patient lacks the history and physical findings associated with these conditions, and her bone pain
and foamy urine suggest a different pathology.
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B - Erythrocytes with cytoplasmic hemoglobin inclusions

Explanation Why

Heinz bodies are cytoplasmic hemoglobin inclusions in erythrocytes that can be found in
glucose-6-phosphate dehydrogenase (G6PD) deficiency. G6PD deficiency most commonly affects
males of African, Asian, and Mediterranean descent, and causes recurring hemolytic crises in
response to periods of increased oxidative stress. Patients classically present with back or abdominal
pain, jaundice, hematuria, and splenomegaly. This woman's bone marrow biopsy shows plasma cells,
and her history of bone pain and foamy urine suggest a different etiology for her symptoms.

C - B-lymphocytes with radial cytoplasmic projections

Explanation Why

B-lymphocytes with radial cytoplasmic projections are characteristic of hairy cell leukemia. This
disease most commonly affects middle-aged men and causes cytopenias and profound splenomegaly.
Bone marrow aspiration often results in a dry tap. This patient has plasma cells on bone marrow
biopsy, bone pain, and proteinuria, which suggest a different pathology.
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D - Neutrophils with hypersegmented nuclear lobes

Image

Explanation Why

Hypersegmented neutrophils are observed on peripheral blood smear in patients with megaloblastic

anemia, which is often caused by folate deficiency, vitamin B12 deficiency, or orotic aciduria. Bone
marrow biopsy is not necessary for the diagnosis of megaloblastic anemia but typically demonstrates

erythroid hyperplasia. This patient's bone marrow biopsy demonstrates plasma cells, which would
not be expected in megaloblastic anemia. Her bone pain and foamy urine also suggest a different

pathology.
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Explanation But

Bone marrow biopsy is the confirmatory test for patients with suspected multiple myeloma and
typically demonstrates > 10% monoclonal plasma cells.

Explanation Why

This woman's symptoms and biopsy findings are concerning for multiple myeloma, the most
common primary bone tumor in patients 50—70 years of age. Extensive skeletal destruction caused
by bone marrow infiltration predisposes affected patients to vertebral compression fractures and
anemia, as indicated by this woman's lower back pain, pallor, and weakness. Patients can present
with foamy urine due to light chain proteinuria (Bence Jones proteins). Peripheral blood smear often
demonstrates grouped erythrocytes with a stacked-coin appearance, known as rouleaux formations,
which occur because of elevated serum globulin concentrations.
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F - Myeloblasts with needle-shaped cytoplasmic inclusions

@( J\_/L

Explanation Why

Auer rods are needle-shaped cytoplasmic inclusions found within myeloblasts in AML, especially
the M3 subtype. Although this patient's weakness and pallor could result from leukemia, other
common findings in AML include thrombocytopenia, hepatosplenomegaly, and CNS involvement,
which are absent here. Bone marrow biopsy is the confirmatory diagnostic test for AML and
demonstrates homogeneous, hypercellular bone marrow with > 20% myeloblasts, rather than the
plasma cells seen in this patient's biopsy.

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Question # 35

Two weeks after undergoing low anterior resection for rectal cancer, a 52-year-old man comes to the
physician because of swelling in both feet. He has not had any fever, chills, or shortness of breath. His
temperature is 36°C (96.8°F) and pulse is 88/min. Physical examination shows a normal thyroid and no
jugular venous distention. Examination of the lower extremities shows bilateral non-pitting edema that
extends from the feet to the lower thigh, with deep flexion creases. His skin is warm and dry, and there
is no erythema or rash. Microscopic examination of the interstitial space in this patient's lower
extremities would be most likely to show the presence of which of the following?

Answer Image

A || Acellular, protein-poor fluid

B || Lymphocytic, hemosiderin-rich fluid

C || Lipid-rich, protein-rich fluid

D || Protein-rich, glycosaminoglycan-rich fluid

E || Neutrophilic, protein-rich fluid
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Hint

Surgical resection of a locally advanced malignancy most likely includes regional lymph dissection,
which can cause lymphedema due to compromised lymphatic outflow distal to the site of dissection.
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Correct Answer

A - Acellular, protein-poor fluid

Explanation Why

Collection of acellular, protein-poor fluid in interstitial space is typical for a transudate, which occurs
due to increased hydrostatic or reduced oncotic pressure (usually hypoalbuminemia). Common
causes include cirrhosis or congestive heart failure. Unlike the non-pitting edema seen in this patient,
transudative edema is classically pitting. It is not associated with lymph node dissection or impaired
lymph drainage.

B - Lymphocytic, hemosiderin-rich fluid

Explanation Why

Accumulation of lymphocytic, hemosiderin-rich fluid is referred to as lipodermatosclerosis and
occurs due to venous insufficiency, typically in the lower extremities. It is a chronic inflammatory
and fibrotic condition that classically presents with bilateral hyperpigmentation of the skin and
pitting edema, in contrast to this patient's findings. Lipodermatosclerosis is not a sequela of lymph
node dissection or impaired lymph drainage.
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Image

Explanation Why

Impaired drainage of lymph leads to retention of lipid-rich, protein-rich fluid within the interstitial
spaces. Due to the high viscosity of lymph, lymphedema does not typically cause pitting.
Compression stockings are the first-line treatment for lymphedema.

D - Protein-rich, glycosaminoglycan-rich fluid

Explanation Why

Infiltration of protein-rich, glycosaminoglycan-rich fluid in the lower extremities is typical for
myxedema, a type of non-pitting edema that usually only occurs in extreme thyroxine deficiency
(e.g., hypothyroidism). Other associated symptoms of severe hypothyroidism, such as bradycardia or
hypothermia would, therefore, be expected. Myxedema is not caused by the removal of lymph nodes
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or impaired lymph drainage.

E - Neutrophilic, protein-rich fluid

Explanation Why

Accumulation of neutrophilic, protein-rich fluid in interstitial space would be consistent with a
purulent exudate, which develops due to cytokine-mediated increase in vascular permeability in
response to inflammation or tissue damage. It is not a sequela of lymph node dissection or impaired
lymph drainage, and typical findings of overlying skin erythema or fluctuant mass are not present.
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Question # 36

A 14-year-old boy is brought to the physician by his mother because of a 12-hour history of abdominal
pain and dark urine. Three days ago, he developed a cough, sore throat, and rhinorrhea. Examination
shows conjunctival pallor, scleral icterus, and mild splenomegaly. A peripheral blood smear shows small
round inclusions within erythrocytes and several erythrocytes with semicircular indentations. The
underlying cause of this patient's condition is most likely to also affect which of the following

processes?
Answer Image
A De-novo synthesis of
glutathione
Red Re
Glucose-6-P \ / NADP™ 2 GSH —
Generation of Glucose-6-P- Glutathione
B superoxide dehydrogenase reductase
6-phosphogluconate —/ \ NADPH + H" GSSG =—
Anchoring proteins to
C
cell surface
D Conversion of
phosphoenolypyruvate
E Function of
myeloperoxidase
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Hint

Heinz bodies (inclusions of denatured hemoglobin within erythrocytes) and bite cells are characteristic
of glucose-6 phosphate dehydrogenase (G6PD) deficiency. The patient's abdominal pain, dark urine,
conjunctival pallor, scleral icterus, and splenomegaly suggest acute hemolytic crisis. This is a common
manifestation of G6PD deficiency, which is typically triggered by exposure to oxidative conditions (e.g.,
drugs, infections, or fava beans).
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Correct Answer

A - De-novo synthesis of glutathione

Explanation Why

De-novo synthesis of glutathione is performed by the enzyme glutathione synthetase. Much like
G6PD deficiency, a deficiency in glutathione synthesis can cause hemolytic anemia. Although
NADPH produced by G6PD is required as a cofactor for the reduction of oxidized glutathione,
G6PD is not involved in the de-novo synthesis of glutathione.

Image

Red Ox

Glucose-6-P NADP"
Glucose-6-P- Glutathione
dehydrogenase reductase
6-phosphogluconate NADPH + H”*

Ox Red

Explanation But

In severe cases, NADPH deficiency can cause complete dysfunction of phagolysosomal digestion,
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resulting in symptoms of chronic granulomatous disease.

Explanation Why

Generation of superoxide is the first step of respiratory burst, a cellular pathway that creates reactive
oxygen species to degrade phagocytized pathogens. This step requires NADPH, which is produced
by the enzyme G6PD as part of the hexose monophosphate shunt. G6PD deficiency therefore results
in a deficiency of NADPH and failure of superoxide generation in respiratory burst. NADPH is
involved in numerous cellular processes, including protection against reactive oxygen species
toxicity, regeneration of glutathione, and lipid synthesis.

C - Anchoring proteins to cell surface

Explanation Why

Anchoring proteins to the cell surface is a function performed by molecules such as
phosphatidylinositol. This function is impaired in paroxysmal nocturnal hemoglobinuria (PNH).
Both PNH and G6PD deficiency manifest with hemolytic anemia and hemoglobinuria. However, a
blood smear of a patient with PNH would not show Heinz bodies. Furthermore, PNH is usually
associated with other findings, such as excessive fatigue and venous thrombosis in unusual locations.

D - Conversion of phosphoenolypyruvate

Explanation Why

Conversion of phosphoenolpyruvate to pyruvate is the final step in glycolysis. Like G6PD
deficiency, pyruvate kinase deficiency causes intrinsic hemolytic anemia. However, the two enzymes
operate independently and G6PD deficiency does not affect pyruvate kinase function. Furthermore,
blood smear or pyruvate kinase deficiency shows burr cells instead of Heinz bodies, and patients are
more likely to have chronic features of anemia compared to patients with G6PD deficiency who have
recurrent episodes of anemia.
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E - Function of myeloperoxidase

Explanation Why

Myeloperoxidase is a neutrophilic enzyme involved in the oxidative burst. It catalyzes the conversion
of hydrogen peroxide into hypochlorous acid, which is then used by phagocytes to destroy engulfed
microbes. In myeloperoxidase deficiency, this enzymatic reaction is impaired, leading to increased
susceptibility to infection with Candida spp. The function of myeloperoxidase is not affected by
G6PD deficiency.
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Question # 37

An 8-year-old girl of Asian descent is brought to the physician because of fatigue. She is not able to
keep up with the rest of her classmates in gym class because she tires easily. Physical examination

shows pale conjunctivae. Laboratory studies show:

Hemoglobin 11.0 g/dL

Mean corpuscular volume || 74 Mm3

Red cell distribution width || 14 (N=13-15)

Serum ferritin 77 ng/mL

Peripheral blood smear shows small, pale red blood cells. Hemoglobin electrophoresis is normal. Which

of the following best describes the pathogenesis of the disease process in this patient?

Answer

Image

A || Decreased production of B-globin proteins

B || Amino acid substitution in the B-globin protein

C || Cis deletion of a-globin genes

D || Inadequate intake of iron

E || Acquired inhibition of heme synthesis
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Hint

Laboratory evaluation shows a mild, microcytic anemia with hypochromia, a normal ferritin level, and
normal hemoglobin electrophoresis, which indicates a-thalassemia.
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Correct Answer

A - Decreased production of B-globin proteins

Explanation Why

Decreased production of B-globin proteins occurs due to mutations in the promoter sites of the
[-globin gene and is seen in B-thalassemia. Patients with a homozygous mutation (B-thalassemia
major) may have skeletal deformities, hepatosplenomegaly, and severe anemia starting at 6 months
of age. Heterozygous mutations (B-thalassemia minor), on the other hand, cause mild or
asymptomatic microcytic anemia with normal serum ferritin levels and a peripheral blood smear
similar to this patient. In 3-thalassemia minor, however, abnormal hemoglobin (HbA2) would be
seen on the hemoglobin electrophoresis.

B - Amino acid substitution in the p-globin protein

Explanation Why

Substitution of glutamic acid with valine at the sixth amino acid of the B-globin protein causes sickle
cell anemia. This patient's normal hemoglobin electrophoresis, peripheral blood smear findings, and
lack of signs of chronic hemolysis on physical examination (i.e., jaundice, scleral icterus) make
sickle cell anemia very unlikely.

Explanation Why

This patient's findings are consistent with the minor form of alpha thalassemia, which is caused by
two defective alleles of genes that encode a-globin chains (-o/-a or --/aa); cis deletion is common in
Asian populations. While deletion of one out of four alleles results in disease that is clinically silent,
the deletion of two alleles reduces a-globin levels enough to cause mild symptoms. Deletion of three
or four alleles of the a-globin gene causes aberrant hemoglobin formation (i.e., B4 or y4) that would
be visible on hemoglobin electrophoresis and causes more severe clinical symptoms.
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D - Inadequate intake of iron

Explanation Why

Iron deficiency can cause microcytic, hypochromic anemia with normal hemoglobin electrophoresis,
which is seen in this patient. Patients with iron deficiency anemia, however, typically have increased
RDW (due to decreased RBC production) and decreased ferritin. This patient's normal serum ferritin
is indicative of adequate iron reserves.

E - Acquired inhibition of heme synthesis

Explanation Why

Acquired inhibition of the heme synthesis pathway is commonly caused by lead toxicity. Chronic
lead poisoning inhibits the function of multiple enzymes of the heme synthesis pathway
(ferrochelatase and ALA dehydratase), which can also manifest with microcytic anemia and normal
electrophoresis. However, chronic exposure would also manifest with neurological symptoms such
as paresthesia, foot drop, and encephalopathy or other clinical symptoms such as intestinal colics or a
Burton line. Moreover, peripheral blood smear would show an increased RDW and basophilic
stippling, which are not seen in this patient.
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Question # 38

An investigator is studying the effects of tissue hypoxia on skeletal muscles. Skeletal muscle hypoxia is

induced by decreasing oxygen delivery to peripheral tissues. Which of the following is most likely to
achieve this desired effect?

Answer Image
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Decrease the proportion of fetal
C .
hemoglobin

Increase the arterial partial pressure of
carbon dioxide

E | Increase the serum temperature
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Hint

Oxygen delivery to the peripheral tissues decreases when hemoglobin binds more strongly to oxygen.
This can be achieved if the oxygen-hemoglobin dissociation curve shifts to the left.
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Correct Answer

Image

Explanation Why

temperature.

- Mean O: affinity
== [Decreased O: affinity

(shift to the right)

T DCD:

T Body temperature

T H {LpH)

T 2,3-Bisphosphoglyeeric
acid

Increasec O affinity

(shift to the left)

1 pCO:

J Body temperature

L H (TpH)

1 2,3-Bisphosphoglyceric
acid

= pO:z [mm Hgl

A decrease in serum 2.,3-bisphosphoglycerate (2,3-BPG) concentration decreases oxygen availability
in the peripheral tissues. 2,3-BPG binds hemoglobin and stabilizes it in its low oxygen affinity state,
which increases oxygen unloading. Therefore, decreased availability of this molecule will lead to less
unloading of oxygen and induce tissue hypoxia. Other factors that shift the oxygen-hemoglobin

dissociation curve to the left include decreased pCO2, increased pH, and decreased body
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B - Increase the serum hydrogen ion concentration

Explanation Why

An increase in serum H' ion concentration (decreased pH) would shift the oxygen-hemoglobin
dissociation curve to the right. Under these conditions, hemoglobin adapts a low oxygen affinity
conformation (Bohr effect), and oxygen becomes more available to tissues.

C - Decrease the proportion of fetal hemoglobin

Explanation Why

Fetal hemoglobin (HbF) has a higher affinity for oxygen than adult hemoglobin. Thus, HbF binds
oxygen more tightly in the setting of lower partial pressures of oxygen. The oxyhemoglobin
dissociation curve for HbF, therefore, is essentially a left-shifted version of the adult oxygen-
hemoglobin dissociation curve. Reducing the concentration of HbF would shift the oxygen-
hemoglobin dissociation curve to the right and make oxygen more available to tissues.

D - Increase the arterial partial pressure of carbon dioxide

Explanation Why

An increase in arterial partial pressure of carbon dioxide (PaCO2) would shift the oxygen-
hemoglobin dissociation curve to the right. Higher carbon dioxide content will consequently acidify
the blood. Under these conditions, hemoglobin adapts a low oxygen affinity conformation (Bohr
effect), and oxygen becomes more available to tissues.
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E - Increase the serum temperature

Explanation Why

An increase in serum temperature would shift the oxygen-hemoglobin dissociation curve to the right.
In skeletal muscle, increased metabolic demand (e.g., during exercise) increases temperature. Under
these conditions, hemoglobin has a lower affinity for oxygen, which becomes more available to
tissues.
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Question # 39

A 72-year-old man comes to the physician because of fatigue and a 5-kg (11-1b) weight loss over the
past 6 months despite a good appetite. He takes no medications. He does not smoke or use illicit drugs.
Physical examination shows hepatosplenomegaly and diffuse, nontender lymphadenopathy. Laboratory

studies show a hemoglobin concentration of 11 g/dL and a leukocyte count of 16,000/mm3. A direct
antiglobulin (Coombs) test is positive. A photomicrograph of a peripheral blood smear is shown. Which
of the following is the most likely diagnosis?

Answer Image
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Answer

Acute myelogenous

B leukemia
Follicular
C
lymphoma

I Wisplinghoff L

D || Hairy cell leukemia
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Hint

The peripheral blood smear shows smudge cells, which are characteristic of a particular hematological
disease.

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Correct Answer

A - Chronic myelogenous leukemia

-

Explanation Why

Chronic myelogenous leukemia (CML) can manifest with B symptoms (e.g., weight loss),
hepatosplenomegaly, anemia, and leukocytosis, as seen in this patient. However, generalized
lymphadenopathy is very uncommon in patients with CML. Moreover, peripheral blood smear in
CML shows extreme leukocytosis with immature myeloid cells (e.g., myelocytes, metamyelocytes),
basophilia, eosinophilia, and thrombocytosis, rather than the smudge cells seen here.
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B - Acute myelogenous leukemia

Explanation Why

Acute myelogenous leukemia (AML) most commonly occurs in the elderly and can manifest with
fatigue, hepatosplenomegaly, anemia, and leukocytosis, as seen in this patient. However, the onset of
AML is acute with rapid progression and rarely involves generalized lymphadenopathy. Moreover,
AML is associated with myeloblasts containing Auer rods on peripheral blood smear, rather than the
smudge cells seen here.
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C - Follicular lymphoma

Image

Explanation Why

Follicular lymphoma is a non-Hodgkin B-cell lymphoma and the most common low-grade
lymphoma in adults. Clinical features include generalized, painless lymphadenopathy, splenomegaly,
and anemia, as seen here. However, peripheral blood smear in follicular lymphoma typically shows
small lymphocytes with cleaved nuclei, rather than the smudge cells seen here. Histopathological
examination of an affected lymph node in follicular lymphoma shows large, follicular structures
similar to normal follicles.
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D - Hairy cell leukemia

Image

Explanation Why

Hairy cell leukemia is a low-grade non-Hodgkin B-cell lymphoma that is most commonly seen in
middle-aged male patients. Clinical features include fatigue, anemia, and splenomegaly, as seen in
this patient. However, hairy cell leukemia is rarely associated with lymphadenopathy and B
symptoms (e.g., weight loss). Additionally, peripheral blood smear in hairy cell leukemia typically
shows leukocytes with villous, cytoplasmatic projections (hairy cells), rather than smudge cells.
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E - Hodgkin lymphoma

Image

Explanation Why

Hodgkin lymphoma can manifest with B symptoms (e.g., weight loss), painless lymphadenopathy,
hepatosplenomegaly, anemia, and leukocytosis, all of which are seen in this patient. However,
smudge cells on peripheral blood smear are not typical for Hodgkin lymphoma. Definitive diagnosis
of Hodgkin lymphoma requires lymph node excision with evidence of Reed-Sternberg cells on
histopathologic examination.
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Explanation Why

This patient most likely has chronic lymphocytic leukemia (CLL), a low-grade non-Hodgkin B-cell
lymphoma and the most common form of leukemia in adults (> 60 years of age). Although CLL may
remain asymptomatic for long periods of time, the condition eventually manifests with slow
progression of B symptoms (e.g., weight loss), fatigue, painless lymphadenopathy, and
hepatosplenomegaly, as seen in this patient. Laboratory findings include smudge cells on peripheral
blood smear, leukocytosis, and features of autoimmune hemolytic anemia (low hemoglobin, positive
Coombs test, spherocytes on peripheral blood smear). Detection of B-CLL antigens (e.g., CDS,
CD19, CD20, and CD23) on flow cytometry would further support the diagnosis.
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G - Hemophagocytic lymphohistiocytosis

Explanation Why

Hemophagocytic lymphohistiocytosis (HLH) is a rare syndrome characterized by over-activated
macrophages and T lymphocytes, which can result in widespread inflammation and tissue
destruction. This condition can present with hepatosplenomegaly and lymphadenopathy, as seen in
this patient. However, additional findings include fever, cutaneous rashes, and pancytopenia. Also,
smudge cells would not be found on peripheral blood smear. A bone marrow biopsy showing
hemophagocytosis further supports the diagnosis of HLH.
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Question # 40

A previously healthy 40-year-old woman comes to the physician because of a 3-day history of fever,
headaches, and fatigue. She also reports a persistent tingling sensation in her right hand and numbness in
her right arm that started this morning. Physical examination shows pallor, mild scleral icterus, and
petechiae on her forearms and legs. On mental status examination, she appears confused and is only
oriented to person. Laboratory studies show:

Hemoglobin

11.1 g/dL

Platelet count

39,500/mm>

Bleeding time

9 minutes (N = 2-7)

Prothrombin time 14 seconds
Partial thromboplastin time || 35 seconds
Serum
Creatinine 1.7 mg/dL
Total bilirubin 2.1 mg/dL

A peripheral blood smear shows fragmented erythrocytes. Which of the following is the most likely
underlying cause of this patient's condition?

Answer

Image

A || Enterohemorrhagic E.coli toxins
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Answer

Antibodies against ADAMTS13

Antibodies against GplIb/Illa

Absence of platelet Gpllb/Illa
receptors

Mutation of the PIGA gene

Antibodies against double-
stranded DNA
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Hint

Anemia with bilirubinemia and fragmented erythrocytes (schistocytes) indicates microangiopathic
hemolytic anemia.
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Correct Answer

A - Enterohemorrhagic E.coli toxins

Explanation Why

Enterohemorrhagic E.coli (EHEC) toxins (e.g., Shiga-toxin of the O157:H7 strain) are responsible
for hemolytic uremic syndrome (HUS). This condition commonly manifests with microangiopathic
hemolytic anemia, thrombocytopenia, and impaired renal function, as seen here. However, HUS does
not typically cause focal neurological symptoms, and this patient does not have a history of diarrhea
to suggest a recent E.coli infection. HUS due to Shiga toxin-producing E.coli primarily occurs in

children under 5 years of age.
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Explanation Why

In adults, thrombotic thrombocytopenic purpura (TTP) is typically caused by autoantibodies against
ADAMTSI13, a metalloprotease that degrades the von Willebrand factor (vWF). Decreased
ADAMTSI13 activity impairs the degradation of vWF multimers, which increases platelet
aggregation and causes microthrombosis. The resultant thrombotic microangiopathy manifests with
microangiopathic hemolytic anemia, thrombocytopenia, and end-organ ischemia (e.g., impaired renal
function, focal neurologic deficits), all of which are seen here. In addition to these features of
thrombotic microangiopathy, patients with TTP also have a fever. Rarely, TTP can be caused by an
inherited deficiency of ADAMTSI13 (congenital TTP).

C - Antibodies against GplIb/Illa

Explanation Why

Antibodies against GplIb/Illa receptors are responsible for immune thrombocytopenic purpura (ITP),
which causes thrombocytopenia, petechiae, and increased bleeding time. Some patients with ITP can
also develop autoimmune hemolytic anemia (Evan syndrome). However, ITP is not associated with
fever, impaired renal function, fragmented erythrocytes on peripheral smear, or neurological
symptoms.

D - Absence of platelet GplIIb/IIla receptors

Explanation Why

The absence of platelet Gpllb/Illa receptors is the cause of Glanzmann thrombasthenia, which can
manifest with petechiae and increased bleeding time. However, it does not cause fever, neurological
symptoms, impaired renal function, thrombocytopenia, or hemolytic anemia. Moreover, a peripheral
blood smear would show a lack of platelet clumping, not the fragmented erythrocytes seen here.
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E - Mutation of the PIGA gene

Explanation Why

A mutation of the PIGA gene is responsible for paroxysmal nocturnal hemoglobinuria (PNH), which
can manifest with hemolytic anemia, thrombocytopenia (due to platelet lysis), and impaired renal
function (due to hemoglobinuria). However, fever, fragmented erythrocytes on peripheral smear, and
focal neurological symptoms would not be expected.

F - Antibodies against double-stranded DNA

Explanation Why

Antibodies against double-stranded DNA are seen in patients with systemic lupus erythematosus
(SLE), which typically occurs in women of childbearing age. SLE can cause fever, fatigue, impaired
renal function, neurological symptoms (e.g., confusion, neuropathy), thrombocytopenia, and rarely,
microangiopathic hemolytic anemia, as seen here. However, patients with SLE typically have a
history of chronic arthralgia, photosensitivity, and a malar or discoid rash, which are not present in
this patient.
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Question # 1

A 3-year-old boy is brought to the physician because of a 4-week history of generalized fatigue and
malaise. He was born at term and has been healthy since. His mother has a history of recurrent anemia.
He appears pale. His temperature is 37°C (98.6°F) and pulse is 97/min. Examination shows pale
conjunctivae and jaundice. The abdomen is soft and nontender; the spleen is palpated 3—4 cm below the

left costal margin. Laboratory studies show:

Hemoglobin 9.3 g/dL
Mean corpuscular volume 81.3 |,Lm3
Mean corpuscular hemoglobin concentration || 39% Hb/cell
Leukocyte count 7300/mm>
Platelet count 200,000/mm3

Red cell distribution width

19% (N = 13-15)

Which of the following is most likely to confirm the diagnosis?

Answer

Image

A || Fluorescent spot test

B || Direct antiglobulin test
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Answer

Image

Eosin-5-maleimide binding test
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Hemoglobin electrophoresis

Indirect antiglobulin test

Peripheral smear
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Flow cytometric analysis of CD55 and
CD59
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Hint

Pigmented gallstones are a known complication of this disease!
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Correct Answer

A - Fluorescent spot test

Explanation Why

The fluorescent spot test is used to test for glucose-6-phosphate dehydrogenase deficiency. G6PD
deficiency can also present with fatigue and jaundice, but it is usually suspected after recurring
hemolytic crises occur following triggers such as certain foods (e.g. fava beans), drugs (e.g.,
antimalarials), or infections that are not consistent with this patient's presentation.

B - Direct antiglobulin test

Explanation Why

The direct antiglobulin test is used to diagnose autoimmune hemolytic anemia (AIHA). While AIHA
can also present with symptoms of anemia (e.g., fatigue, malaise, pale conjunctiva) and hemolysis
(e.g., jaundice), AIHA is not hereditary and would not be consistent with this patient's family history
of anemia. Moreover, this patient does not have any conditions that would cause secondary anemia
(e.g., malignancy, mycoplasma or EBV infection, drug reaction).
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Explanation But

The increased MCHC is caused by a loss of RBC surface membrane area.
Explanation Why

The eosin-5-maleimide binding test is a specific confirmatory study for hereditary spherocytosis.
This patient has several features of hereditary spherocytosis, including fatigue, malaise, pale

conjunctiva with splenomegaly, anemia, a positive family history (autosomal dominant in ~ 75% of
cases), an increased RDW, and an increased MCHC. The osmotic fragility test or acidified glycerol
lysis test may also be used to confirm the diagnosis, but their specificity is not as high as the
eosin-5-maleimide binding test.
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D - Hemoglobin electrophoresis

Explanation Why

Hemoglobin electrophoresis is used to diagnose conditions involving abnormal Hb production such
as sickle cell disease. SCD may also present with fatigue and anemia. However, chronic pain or an
acute pain crisis are also common features of SCD that are not present in this patient.

E - Indirect antiglobulin test

Explanation Why

The indirect antiglobulin test is used to test for hemolytic anemia caused by antibody-antigen
reactions within the blood such as ABO incompatibility or Rhesus incompatibility. However, this
patient has no history of blood transfusion, and Rhesus incompatibility would have been noted in the
newborn period.
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F - Peripheral smear
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Explanation Why

The specificity of a peripheral smear is not high enough to confirm the diagnosis in this case, as
different underlying conditions may cause similar findings. For example, spherocytes can be seen in
different types of hemolytic anemia such as hereditary spherocytosis, autoimmune hemolytic anemia,
ABO incompatibility in infants, and hemolytic transfusion reaction.

G - Flow cytometric analysis of CD55 and CD59

Explanation Why

Flow cytometry of CD55 and CD59 levels are used in the diagnosis of paroxysmal nocturnal
hemoglobinuria (PNH). Patients with PNH can also present with fatigue and conjunctival pallor with
jaundice due to hemolysis, however, it also results in pancytopenia causing infections or excessive
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bleeding in addition to anemia, which are not present in this patient.
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Question # 2

A 2-month-old boy is brought to the physician by his mother because of poor weight gain and irritability

since delivery. He is at the 1ot percentile for height and below the

examination shows conjunctival pallor. Laboratory studies show:

Sth

Hemoglobin 11.2 g/dL
Mean corpuscular hemoglobin || 24.2 pg/cell
Mean corpuscular volume 108 Mm3
Serum

Ammonia

26 umol/L (N=11-35 umol/L)

percentile for weight. Physical

A peripheral blood smear shows macrocytosis of erythrocytes and hypersegmented neutrophils.
Supplementation with folate and cobalamin is begun. Two months later, his hemoglobin concentration is

11.1 g/dL and mean corpuscular volume is 107 um3 . The patient's condition is most likely caused by
failure of which of the following enzymatic reactions?

Answer

Image

Ornithine and
A || carbamoylphosphate
to citrulline
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Answer

Image

Glucose-6-phosphate
to
6-phosphogluconate
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Hint

Megaloblastic anemia (RBC macrocytosis, hypersegmented neutrophils) is a sign of impaired cell
division of blood cell precursors in the bone marrow, which may result from inadequate synthesis of
nucleic acid. This patient's anemia is refractory to treatment with folate and vitamin B12 (cobalamin),
the two most common causes of megaloblastic anemia, which should raise suspicion for a particular
autosomal recessive disorder of nucleic acid metabolism.
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Correct Answer

A - Ornithine and carbamoylphosphate to citrulline

Image
Mitochondrial matrix -+ Cytosol
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[
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TR | i
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P i
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[ Carbamoyl
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HCO, + NH !
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Explanation Why

The conversion of ornithine and carbamoyl phosphate to citrulline is facilitated by ornithine
transcarbamylase. Individuals deficient in this enzyme typically become symptomatic within 48
hours of birth. Manifestations of hyperammonemia including somnolence, poor feeding, lethargy,
and vomiting are typical. However, this patient is already 2 months old and does not have the
expected neurological findings. Moreover, macrocytic anemia. as seen in this patient, would not be
expected.
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B - Glucose-6-phosphate to 6-phosphogluconate

Image
Red
Glucose-6-P NADP™" /
Glucose-6-P- Glutathione
dehydrogenase reductase
6-phosphogluconate / \ NADPH + H™ \
Red
Explanation Why

The conversion of glucose-6-phosphate to 6-phosphogluconate is disrupted in patients with
glucose-6-phosphate dehydrogenase deficiency. Typically, the condition first manifests as an episode
of jaundice after exposure to a trigger, such as an oxidative drug (e.g., sulfamethoxazole) or eating
fava beans. Complete blood count would be consistent with hemolytic anemia (low hemoglobin,
normal mean corpuscular volume, and unconjugated hyperbilirubinemia). Macrocytic anemia would
not be an expected manifestation of this condition.
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C - Hypoxanthine to inosine monophosphate

Image
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Nucleotides — AMP — GMP IMP =
Explanation Why

Hypoxanthine to inosine monophosphate conversion is catalyzed by hypoxanthine-guanine
phosphoribosyl pyrophosphate transferase (HGPRT). Deficiency of this enzyme leads to Lesch-
Nyhan syndrome. Children with this condition often develop megaloblastic anemia, which is seen
here. However, most patients are asymptomatic for the first 6 months of life and development and
growth are normal. In addition, children typically develop hyperuricemia in the early days of life
(which often manifests as orange, sand-like crystals visible in the stool) and, later, self-injurious
behavior (a hallmark of this condition) and neurological abnormalities (e.g., intellectual disability,
hypotonia), none of which are seen in this patient.
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D - Phosphoenolpyruvate to pyruvate

Image
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Explanation Why

Conversion of phosphoenolpyruvate to pyruvate is catalyzed by pyruvate kinase. Pyruvate kinase
deficiency prevents erythrocytes from producing sufficient ATP, which results in fragile cells that
easily lyse. This condition typically manifests with jaundice and hepatosplenomegaly in neonates
and continues as a chronic hemolytic anemia of varying severity. Laboratory values would show
normocytic anemia with hyperbilirubinemia, not the macrocytic anemia seen in this patient.

Explanation But

Measurement of serum ammonia is essential to differentiate between orotic aciduria and ornithine
transcarbamylase deficiency, which also manifests in early childhood with failure to thrive and
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elevated urine orotic acid. Hyperammonemia would indicate ornithine transcarbamylase deficiency.

Explanation Why

Orotate to uridine 5'-monophosphate conversion is catalyzed by uridine monophosphate synthase,
which is the deficient enzyme in orotic aciduria. This condition classically presents in an infant with
failure to thrive and megaloblastic anemia that is unresponsive to folate and vitamin B12
supplementation. Treatment consists of oral uridine administration to bypass this defect in the de

novo pyrimidine pathway.
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Question # 3

A 6-year-old girl is brought to the physician for intermittent fevers and painful swelling of the left ankle
for 2 weeks. She has no history of trauma to the ankle. She has a history of sickle cell disease. Current
medications include hydroxyurea and acetaminophen for pain. Her temperature is 38.4°C (101.2°F) and

pulse is 112/min. Examination shows a tender, swollen, and erythematous left ankle with point

tenderness over the medial malleolus. A bone biopsy culture confirms the diagnosis. Which of the
following is the most likely causal organism?

Answer

Image

A || Pseudomonas aeruginosa

B Coccidioides immitis

C || Salmonella typhi

D || Escherichia coli

E || Streptococcus pyogenes

F || Streptococcus pneumoniae
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Hint

A history of fevers and bone point tenderness in a child with sickle cell disease indicates osteomyelitis.
SCD predisposes to infection with encapsulated bacteria because of the functional asplenia present in
most patients by the age of four.
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Correct Answer

A - Pseudomonas aeruginosa

Explanation Why

P._aeruginosa osteomyelitis is seen most often in adult IV drug users. It is typically only identified in
pediatric populations following puncture wounds to the foot, such as stepping on a nail. This patient
has no history of acute trauma to her foot, making P._aeruginosa an unlikely cause.

B - Coccidioides immitis

Explanation Why

Coccidioides immitis is the most common fungal cause of osteomyelitis in children and adults, as a
complication of underlying coccidioidomycosis. However, these patients typically present with
infection in multiple sites and commonly involving the vertebral bodies. Also, it is only seen in the
Southwestern US, making this an unlikely choice.

Explanation Why

Salmonella, an encapsulated bacteria, is the most likely cause of this patient's osteomyelitis. In the
US and Europe, it is the most common pathogen in SCD-associated osteomyelitis due to the
functional asplenia common to this population, induced by chronic splenic occlusions and
infarctions. S. aureus is the most common cause of osteomyelitis in SCD patients in Africa and the
Middle East and remains the most common cause of osteomyelitis overall.
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D - Escherichia coli

Explanation Why

E. coli and other gram-negative bacteria can cause osteomyelitis in neonates, children, and adults. It
is frequently identified in SCD patients with osteomyelitis. However, another organism is more
commonly found.

E - Streptococcus pyogenes

Explanation Why

Group A Streptococcus is a common cause of osteomyelitis in infants and children (up to 8% of
cases). However, this patient's history of SCD makes another organism more likely.

F - Streptococcus pneumoniae

Explanation Why

As an encapsulated bacteria, S. pneumoniae is the most common cause of bacteremia, sepsis, and
meningitis in patients with SCD. However, it is a less common cause of osteomyelitis.
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Question # 4

An 11-year-old boy who recently emigrated from Nigeria is brought to the physician for evaluation of
jaw swelling. He has no history of serious illness and takes no medications. Examination shows a 5-cm
solid mass located above the right mandible and significant cervical lymphadenopathy. A biopsy
specimen of the mass shows sheets of lymphocytes with interspersed tingible body macrophages.
Serology for Epstein-Barr virus is positive. Which of the following chromosomal translocations is most
likely present in cells obtained from the tissue mass?

Answer || Image

A || 1(9;22)

B || t(11;22)
C || t(11;14)
D || t(14;18)
E || t(8;14)

F || t(12;21)
G || t(15;17)
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Hint

This boy has Burkitt lymphoma, a condition associated with Epstein-Barr virus (EBV) infection. This
condition has an endemic form that occurs most often in equatorial Africa and typically manifests with a
jaw mass and cervical lymphadenopathy (due to involvement of the maxillary and mandibular bones).
Biopsy of the tissue mass that shows lymphocytes and tingible body macrophages (“starry night”
appearance) confirms the diagnosis.
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Correct Answer

A - (9;22)

Explanation Why

A chromosomal translocation of t(9;22) (the Philadelphia chromosome) results in the formation of
the Ber-Abl fusion protein, a proto-oncogene and constitutively active tyrosine kinase that promotes
unlimited cell proliferation. However, this causes chronic myelogenous leukemia (CML), which
most commonly manifests in older adults with pancytopenia in the acute phase and B symptoms and
splenomegaly in the chronic phase. CML does not typically cause lymphadenopathy or growth of a
mandibular mass and is not associated with EBV.

B - t(11;22)

Explanation Why

A chromosomal translocation of t(11;22) results in the formation of EWS/FLI-1 gene, an oncogene
that encodes for proteins involved in tumorigenesis. It is classically found in patients with Ewing
sarcoma, which is most common among young boys 1015 years of age. However, it typically
manifests with localized bone pain that worsens at night and B symptoms. Ewing sarcoma does not
usually affect the mandible and is not associated with EBV.

C - t(11;14)

Explanation Why

A chromosomal translocation of t(11;14) results in the formation of CCNDI, a proto-oncogene that
encodes for cyclin D, a regulatory protein of the cell cycle responsible for cell cycle G1/S transition.
It is associated with mantle cell lymphoma, which may cause lymphadenopathy. However, it would
also cause B symptoms and hepatosplenomegaly and typically manifests in older adults, not children.
Also, growth of a mandibular mass does not occur and is not associated with EBV.
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D - t(14;18)

Explanation Why

A chromosomal translocation of t(14;18) results in the formation of BCL-2, a proto-oncogene that
encodes for antiapoptotic molecules and is associated with follicular lymphoma, which may cause
painless lymphadenopathy. However, it typically manifests in older adults and does not present with
a mandibular mass. Also, it is not associated with EBV.

Explanation Why

Burkitt lymphoma is caused by translocation t(8;14) in 75% of cases, which results in c-myc gene
dysregulation on chromosome 8. C-myc is a proto-oncogene that codes for a transcription factor of
the MYC family, which are important in normal cell proliferation and apoptosis. When mutated, it
increases the risk of developing cancer via uncontrolled proliferation. In addition to Burkitt
lymphoma, MYC is often found to be overexpressed in many other tumors (e.g., cervical cancer,
colon cancer). Chronic EBV infection predisposes to translocation t(8;14). Sporadic Burkitt
lymphoma is associated with HIV and more common in adults. It typically manifests in the pelvis or
abdomen.

F - t(12;21)

Explanation Why

A chromosomal translocation of t(12;21) results in the formation of the RUNXT1 gene, a tumor
suppressor gene that encodes the ETV6-RUNXI1 fusion protein involved in transcriptional control of
hemopoiesis. This causes acute lymphoblastic leukemia (ALL), the most common malignancy of
childhood, which is presents with lymphadenopathy. However, it does not manifest with growth of a
mandibular mass (mediastinal widening is more common) and is associated with genetic syndromes
(e.g., Down syndrome), but not with EBV.
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G - t(15;17)

Explanation Why

A chromosomal translocation of t(15;17) results in the formation of PML/RARA fusion gene, an
oncogene that is associated with acute promyelocytic leukemia (APL), a subtype of acute
myelogenous leukemia. This condition may present with gingival hyperplasia. However, it would not
present with a mandibular mass. Other findings may include pancytopenia or life-threatening
disseminated intravascular coagulation but not an association with EBV.
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Question # 5

A 17-year-old girl comes to the physician because of a 4-month history of fatigue. She has not had any
change in weight. She had infectious mononucleosis 4 weeks ago. Menses occur at regular 28-day
intervals and last 5 days with moderate flow. Her last menstrual period was 3 weeks ago. Her mother has
Hashimoto thyroiditis. Examination shows pale conjunctivae, inflammation of the corners of the mouth,
and brittle nails. The remainder of the examination shows no abnormalities. Laboratory studies show:

Hemoglobin 10.3 g/dL

Mean corpuscular volume | 74 Mm3

Platelet count 280,000/mm3

Leukocyte count 6,000/mm3

Which of the following is the most appropriate next step in evaluating this patient's illness?

Answer Image

A || Hemoglobin electrophoresis

B || Direct Coombs test

C Serum TSH measurement

D || Vitamin B2 levels

E Ferritin levels
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Answer

Image

Peripheral blood smear

Bone marrow biopsy

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Hint

This patient presents with fatigue, pallor, brittle nails, angular cheilitis, decreased hemoglobin, and
decreased mean corpuscular volume. These features are consistent with the most common form of
anemia.
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Correct Answer

A - Hemoglobin electrophoresis

Explanation Why

Hemoglobin electrophoresis is a laboratory test used to diagnose inherited hematologic disorders
associated with abnormal hemoglobin production (e.g., sickle cell anemia, thalassemia). Although
these are important causes of microcytic anemia, they usually manifest in early childhood rather than
in adulthood. In this patient with clinical features suggestive of iron deficiency (e.g., brittle nails,
angular cheilitis), a different test would be used to confirm the diagnosis.

B - Direct Coombs test

Explanation Why

The direct Coombs test is used to diagnose autoimmune hemolytic anemia (AIHA), which is
associated with recent viral infection (e.g., infectious mononucleosis). However, AIHA most
commonly presents with a normal or increased MCV, in contrast to this patient's low MCV.
Moreover, her brittle nails and angular cheilitis are not consistent with AIHA. Instead, patients
typically present with jaundice.

C - Serum TSH measurement

Explanation Why

Serum TSH measurement is the first-line diagnostic test for hypothyroidism and hyperthyroidism.
This patient has a family history of Hashimoto thyroiditis, and her fatigue could potentially be
explained by hypothyroidism. Although hypothyroidism can cause menorrhagia, which can lead to
iron deficiency and microcytic anemia, the patient does not report any increase in her menstrual flow.
Her unchanged weight is also inconsistent with hypothyroidism.
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D - Vitamin B2 levels

Explanation Why

Vitamin B2 is measured in order to diagnose vitamin B2 deficiency, which would cause anemia
and occasionally, angular cheilitis. However, vitamin B2 deficiency causes macrocytic anemia
rather than the microcytic anemia seen in this patient and brittle nails would not be expected. Instead,
the patient would have other features such as glossitis or neuropathy.

Explanation Why

Iron deficiency is the most common cause of microcytic anemia, especially in women due to blood
loss during menstruation, which can gradually decrease the body's iron stores. Ferritin measurement
is the first-line test for assessing the body's iron stores and screening for iron deficiency anemia
(IDA). The changes associated with IDA include decreased ferritin, increased transferrin, and
decreased transferrin saturation. Further work-up would be needed to ascertain whether abnormal
bleeding or malabsorption may be causing the iron deficiency.

F - Peripheral blood smear

Explanation Why

Peripheral blood smear allows abnormal RBCs to be identified, which may reveal the cause of
unexplained anemia (e.g., schistocytes indicate microangiopathic hemolysis). However, it would not
be the first-line test for the work-up of microcytic anemia, which can be evaluated with other tests
that do not require histopathological examination.
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G - Bone marrow biopsy

Explanation Why

Bone marrow biopsy is used to diagnose diseases such as aplastic anemia, myelodysplastic

syndrome, and hematologic malignancies. It may also be used to directly measure bone marrow iron

stores in patients with suspected iron deficiency anemia when first-line testing does not lead to a
diagnosis. However, an invasive test such as bone marrow biopsy would not be indicated for initial

work-up.
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Question # 6

A 13-year-old African American girl is brought to the physician for right shoulder pain that has
worsened over the past month. She has had many episodes of joint and bone pain and recurrent painful
swelling in her hands and feet. Physical examination shows tenderness of the right anterior humerus
without swelling or skin changes. Active and passive range of motion of the right shoulder is decreased

and there is pain with movement. The leukocyte count is 4600/mm?>. An x-ray of the right shoulder
shows subchondral lucency of the humeral head with sclerosis and joint space narrowing. Which of the

following is the most likely underlying cause of this patient's shoulder pain?

Answer

Image

A || Infection of the joint space

B || Crystal deposition within the joint

C || Loss of bone mineral density

D || Infarction of the bone trabeculae

E Infection of the bone
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Hint

This adolescent African American girl presents with a history of episodic joint and bone pain and
dactylitis, all of which suggest sickle cell disease (SCD). The x-ray findings are consistent with a
complication of this disease.
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Correct Answer

A - Infection of the joint space

Explanation But

Salmonella typhi infection is more common in patients with SCD and should always be considered
when septic arthritis is suspected.

Explanation Why

Septic arthritis results from infection (usually bacterial) within a joint space and usually manifests
with the triad of acute monoarticular joint pain, restricted range of motion, and fever. This patient's
sickle cell disease puts her at increased risk of developing septic arthritis. However, the insidious
symptom onset without fever, joint swelling, or warmth, as well as her normal leukocyte count, make

septic arthritis unlikely.

B - Crystal deposition within the joint

Explanation Why

Crystal arthropathy (e.g., gout, pseudogout) can manifest as painful episodic monoarthritis or
polyarthritis. However, crystal arthropathy is also characterized by joint swelling, erythema, and
systemic symptoms, all of which are lacking in this patient. Also, the onset is usually acute (hours to
days), and this patient's imaging is not consistent with this diagnosis.

C - Loss of bone mineral density

Explanation Why

Osteoporosis refers to the loss of bone mineral density and is asymptomatic, in contrast to the
progressive pain seen in this patient. Sickle cell disease is a risk factor for developing osteoporosis
and subsequent pathological fractures, which would also manifest with acute pain and radiolucency
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on x-ray. However, additional x-ray findings include decreased cortical thickness and a loss of bony
trabeculae, which are absent in this patient.

Explanation But

Her episodes of hand and foot swelling as a child are typical for dactylitis (due to bone infarction
from RBC sickling), which is characterized by a moth-eaten appearance of the bones on x-ray.

Explanation Why

Infarction of trabecular bone occurs in avascular necrosis, which in this patient is likely due to
underlying sickle cell disease and would explain her progressive pain and decreased range of motion.
This patient’s radiologic findings (subchondral lucency secondary to microfractures, sclerosis, and
joint space narrowing) are common in advanced avascular osteonecrosis.

E - Infection of the bone

Explanation But

In patients with sickle cell disease, osteomyelitis is most commonly caused by Sa/monella species.

Explanation Why

Osteomyelitis is characterized by infection (usually bacterial) of the bone, which can manifest as
progressive pain, swelling, and limited range of motion. Systemic symptoms (e.g., fever, night
sweats) and elevated inflammatory markers are usually also present. While x-rays are not very
sensitive, classic findings include periosteal thickening and soft tissue swelling, neither of which are
present in this patient.
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Question # 7

A 55-year-old woman comes to the physician because of a 6-month history of worsening shortness of
breath on exertion and fatigue. She has type 1 diabetes mellitus, hypertension, hypercholesterolemia,
and chronic kidney disease. Her mother was diagnosed with colon cancer at the age of 65 years. Her
blood pressure is 145/92 mm Hg. Examination shows conjunctival pallor. Laboratory studies show:

Hemoglobin 9.2 g/dL
Mean corpuscular volume | 88 um3
Reticulocyte count 0.6 %
Serum
Ferritin 145 ng/mL
Creatinine 3.1 mg/dL
Calcium 8.8 mg/dL

A fecal occult blood test is pending. Which of the following is the most likely underlying cause of this

patient's symptoms?

Answer

Image

A || Autoantibodies against the thyroid gland

B Chronic occult blood loss

C || Malignant plasma cell replication
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Answer

Image

Deficient vitamin B12 intake

Hematopoietic progenitor cell mutation

Decreased erythropoietin production
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Hint

This patient presents with chronic fatigue, decreased exercise tolerance, and conjunctival pallor, which
should raise concern for symptomatic anemia. Laboratory results confirm the diagnosis of normocytic,
normochromic anemia.
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Correct Answer

A - Autoantibodies against the thyroid gland

Explanation Why

Formation of autoantibodies against the thyroid gland causes hypothyroidism, which can manifest
with anemia. This patient's type 1 diabetes mellitus is a risk factor for Hashimoto thyroiditis, and
anemia due to hypothyroidism can be normocytic and hypoproliferative (low reticulocyte count) with
elevated ferritin, as seen here. However, other classic symptoms of hypothyroidism (e.g., cold
intolerance, weight gain) are not present in this patient.

B - Chronic occult blood loss

Explanation Why

Chronic occult gastrointestinal blood loss is the most common cause of anemia in the elderly. While
chronic occult bleeding can manifest as hypoproliferative anemia, other signs of iron deficiency (e.g.,
microcytosis and low ferritin) would be expected and are not seen in this patient.

C - Malignant plasma cell replication

Explanation Why

Malignant plasma cell replication, known as multiple myeloma (MM), can manifest with
hypoproliferative, normocytic anemia and signs of renal failure. The underlying mechanism of
anemia in MM involves myelophthisis, decreased EPO production, and chronic inflammation
(anemia of chronic disease). However, this patient is lacking other typical clinical features of MM
(e.g., bone pain and hypercalcemia).
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D - Deficient vitamin B12 intake

Explanation Why

Vitamin B2 deficiency can also manifest with symptomatic anemia. However, B12 deficiency is
characterized by a macrocytic anemia (MCV > 100 fL), rather than a normocytic anemia. Rarely, Bi2
deficiency can manifest with normocytic anemia in the setting of concomitant iron deficiency, but
this patient's elevated ferritin makes iron deficiency unlikely. Patients with longstanding vitamin Bi»
deficiency may present with symptoms of subacute combined degeneration of the spinal cord (e.g.,
spasticity, ataxia, and decreased proprioception and vibratory sensation) in addition to neurological
symptoms (e.g., depression, difficulty concentrating, dementia), none of which are present here.

E - Hematopoietic progenitor cell mutation

Explanation Why

Hematopoietic progenitor cell mutations are the underlying cause of myelodysplastic syndromes
(MDS), which can also manifest with anemia. In MDS, hyperproliferation of immature cells in the
bone marrow can result in pancytopenia or isolated hypoproliferative anemia, which is seen in this
patient. However, in MDS, examination usually reveals splenomegaly and an even lower reticulocyte

count than that seen here. Given her history and laboratory findings, a different etiology is more
likely.

Explanation Why

This patient's normocytic anemia is most likely due to her underlying CKD. The etiology of anemia
of chronic kidney disease is multifactorial, but primarily driven by low erythropoietin. Erythropoietin
is produced and released by the interstitial cells in the peritubular capillaries and stimulates erythroid
proliferation in the bone marrow. In CKD, there is decreased production of erythropoietin, leading to
a decrease in RBC proliferation, and subsequent normocytic anemia with a low reticulocyte count.
CKD may also manifest with iron deficiency, however, this patient's high ferritin indicates normal
iron stores.
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Question # 8

A 13-year-old African American boy is brought to the physician because of a 4-week history of left
groin and buttock pain. The pain is worse with activity but also present at rest. He has had many
episodes of abdominal, back, and chest pain that required hospitalization in the past. He is at the

20t percentile for height and 25th percentile for weight. His temperature is 36.7°C (98°F), blood
pressure is 115/82 mm Hg, and pulse is 84/min. Examination shows tenderness over the lateral aspect of
the left hip with no swelling, warmth, or erythema. There is pain with passive abduction and internal

rotation of the left hip. Leukocyte count is 8,600/mm3. Which of the following is the most likely cause

of this patient's symptoms?

Answer

Image

A || Slipped capital femoral epiphysis

B || Septic arthritis

C Proximal femoral osteosarcoma

D || Avascular necrosis

E || Transient synovitis

F || Impaired skeletal growth
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Hint

This patient's pain and examination findings suggest pathology involving the hip. His previous
hospitalizations for painful episodes are consistent with underlying sickle cell disease (SCD).
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Correct Answer

A - Slipped capital femoral epiphysis

Explanation Why

Slipped capital femoral epiphysis (SCFE) is a common hip disorder in adolescent males and can also
present with pain and limited range of motion. However, this patient's low weight and absence of
family history make SCFE unlikely. His underlying sickle cell disease, on the other hand, makes a
different diagnosis more likely.

B - Septic arthritis

Explanation Why

Patients with sickle cell disease are at increased risk of septic arthritis due to functional asplenia
(which results from recurrent infarction of the spleen). Septic arthritis can also manifest with severe
hip pain and limited range of motion, which are seen in this patient. However, additional symptoms
such as fever, joint swelling, and erythema would also be expected. His normal leukocyte count
makes this diagnosis unlikely as well.

C - Proximal femoral osteosarcoma

Explanation Why

Although osteosarcoma can cause pain and limited range of motion in adolescents, it typically
involves the distal femur or the proximal tibia. Proximal femoral osteosarcoma is extremely rare.
Furthermore, patients with sickle cell disease are not at increased risk of osteosarcoma and are more
likely to experience a different complication.
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Explanation Why

Avascular osteonecrosis of the femoral head is a common complication in patients with sickle cell
disease and typically manifests between 7—15 years of age. This adolescent boy's subacute hip pain
and lack of systemic symptoms are characteristic of avascular osteonecrosis, which is due to
trabecular bone infarction from RBC sickling and vaso-occlusion. The femoral head is commonly
affected as a result of poor collateral blood supply. Other risk factors for avascular osteonecrosis of
the femoral head include glucocorticoid use, alcohol use, autoimmune diseases (e.g., SLE,
antiphospholipid syndrome), and Gaucher disease.

E - Transient synovitis

Explanation Why

Transient synovitis is a common cause of self-limited hip pain and limping in children and is often
preceded by upper respiratory tract infection. However, most patients with transient synovitis are
slightly younger (< 10 years), and this patient's underlying sickle cell disease makes a different
diagnosis more likely.

F - Impaired skeletal growth

Explanation Why

Patients with sickle cell disease are at increased risk of impaired skeletal growth. The etiology is
multifactorial and is at least partially due to premature closure of the long bone epiphyses. Although
there is evidence of impaired growth in this patient based on his low percentile in height and weight,
it would be unlikely to cause subacute, unilateral hip pain.
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Question # 9

A 6-year-old boy is brought to the emergency department because of worsening confusion for the last
hour. He has had high-grade fever, productive cough, fatigue, and malaise for the past 2 days. He has not
seen a physician in several years. His temperature is 38.9°C (102°F), pulse is 133/min, respirations are
33/min, and blood pressure is 86/48 mm Hg. He is lethargic and minimally responsive. Mucous
membranes are dry. Pulmonary examination shows subcostal retractions and coarse crackles bilaterally.

Laboratory studies show a hemoglobin concentration of 8.4 g/dL and a leukocyte count of 16,000/mm3.
A peripheral blood smear shows sickled red blood cells. Which of the following pathogens is the most
likely cause of this patient's current condition?

Answer Image

A || Salmonella paratyphi

B || Streptococcus pneumoniae

C || Neisseria meningitidis

D || Staphylococcus aureus

E || Nontypeable Haemophilus influenzae
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Hint

This boy, who has sickle cell disease, has developed altered mental status, fever, hypotension, and
leukocytosis; these features are concerning for a diagnosis of sepsis. The sepsis in this patient is most
likely secondary to pneumonia, which caused his productive cough, tachypnea, and coarse crackles.
Patients with sickle cell disease have an increased risk of infection by encapsulated organisms.
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Correct Answer

A - Salmonella paratyphi

Explanation Why

Salmonella species are the most common cause of osteomyelitis in patients with sickle cell disease.
Osteomyelitis can manifest with malaise, fever, and lethargy and progress to sepsis. However, this
patient lacks localized findings (e.g., tenderness, swelling, redness, warmth), which makes
osteomyelitis a less likely etiology of his sepsis.

Explanation Why

The spleen is important for the opsonization and elimination of encapsulated bacteria. Patients with
sickle cell disease often develop functional asplenia by the age of 2—4 years due to repeated episodes
of splenic infarction (autosplenectomy) and are therefore at increased risk for infections by
encapsulated pathogens such as Streptococcus pneumoniae, Neisseria meningitidis, Haemophilus
influenzae type b and Salmonella species. Of all the encapsulated pathogens, Streptococcus
pneumoniae is the most common cause of community-acquired bacterial pneumonia and sepsis in
patients with sickle cell disease.

C - Neisseria meningitidis

Explanation Why

Patients with sickle cell disease are at increased risk of infection by Neisseria meningitidis, which is
a capsulated organism that causes meningitis. However, Neisseria meningitidis would not cause

pneumonia.
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D - Staphylococcus aureus

Explanation Why

Staphylococcus aureus can cause bacterial pneumonia, particularly in patients who have cystic
fibrosis, alcohol use disorder, a history of IV drug use, or an immunocompromised status. However,
S. aureus, which 1s an unencapsulated organism, is not the most common cause of pneumonia or
sepsis in patients with sickle cell disease.

E - Nontypeable Haemophilus influenzae

Explanation Why

Nontypeable Haemophilus influenzae, which are unencapsulated strains of H. influenzae, cause
milder infections, such as otitis media, conjunctivitis, and bronchitis. They do not typically cause
pneumonia or sepsis. Haemophilus influenzae type b, which is an encapsulated organism, is a
common cause of pneumonia and sepsis in patients with sickle cell disease.
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Question # 10

A 56-year-old man comes to the physician because of a painless blistering rash on his hands, forearms,
and face for 2 weeks. The rash is itchy and seems to get worse in the sunlight. He has also noticed that
his urine is darker than usual. His aunt and sister have a history of similar skin lesions. Examination of
the skin shows multiple fluid-filled blisters and 0ozing erosions on the forearms, dorsal side of both
hands, and forehead. There are areas of hyperpigmented scarring and patches of bald skin along the
sides of the blisters. Which of the following is the most appropriate pharmacotherapy to treat this

patient's condition?

Answer

Image

A || Hemin

B Prednisone

C || Fexofenadine

D || Acyclovir

E || Hydroxychloroquine
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Hint

This patient has a rash consisting of painless blisters on sun-exposed areas. This, in addition to his
positive family history and tea-colored urine, suggest porphyria cutanea tarda (PCT).
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Correct Answer

A - Hemin

Explanation Why

Hemin, an iron-containing protein that blocks heme synthesis, is used in the treatment of acute
intermittent porphyria (AIP), which can also cause dark-colored urine. Because AIP is associated
with marked upregulation of ALA-synthase activity due to decreased activity of porphobilinogen
deaminase, inhibition of ALA-synthase via hemin is the treatment of choice. AIP typically manifests
with fever, abdominal pain, and neurologic abnormalities, rather than the sun-induced blistering skin
lesions seen in this patient. Because hemin contains iron, it would not be indicated for the treatment
of PCT, which is typically complicated by iron overload.

B - Prednisone

Explanation Why

Prednisone may be used for several different infectious and autoimmune disorders, including discoid
lupus, which also causes a photosensitive rash. However, the lesions in DLE are raised,
erythematous, scaling, and plaque-like, rather than the painless, blistering rash seen here.
Furthermore, urine discoloration would be consistent with DLE.

C - Fexofenadine

Explanation Why

Fexofenadine is a second-generation antihistamine that can be used in the treatment of allergic
contact dermatitis. In severe cases, allergic contact dermatitis can cause vesicles and serous oozing.
However, the associated rash most commonly presents with pruritic eruptions at the site of exposure

to an allergen and is not photosensitive. A positive family history and tea-colored urine are also not
consistent with contact dermatitis.
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D - Acyclovir

Explanation Why

Acyclovir is used for the treatment of herpes simplex virus (HSV) and varicella-zoster virus (VZV),
both of which may manifest with a vesicular rash. However, the rash caused by these pathogens is
painful rather than painless, and not photosensitive. Also, HSV and VZV would not cause tea-
colored urine.

Explanation Why

Porphyria cutanea tarda (PCT) results in the accumulation of porphyrins in the liver, skin, and urine,
causing chronic skin photosensitivity and discoloration of the urine as seen in this patient. Symptoms
may be triggered by exposure to sunlight, smoking, and alcohol intake. Treatment involves
avoidance of known triggers and the administration of hydroxychloroquine or chloroquine, which
form water-soluble complexes with the porphyrin rings that are then excreted by the kidneys.
Phlebotomy is another treatment option for PCT, especially in patients with iron overload or
contraindications to hydroxychloroquine (or chloroquine) therapy.
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Question # 11

A 69-year-old woman comes to the physician because of a 3-week history of headache and worsening
vision. Ophthalmologic examination shows a visual acuity of 20/120 in the right eye and 20/80 in the
left eye. Physical examination shows no other abnormalities. Laboratory studies show a hemoglobin of
14.2 g/dL and total serum calcium of 9.9 mg/dL. A photomicrograph of a peripheral blood smear is
shown. Serum electrophoresis shows increased concentration of a pentameric immunoglobulin. Which
of the following is the most likely diagnosis?
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Answer

Image

Hyper IgM
syndrome

Essential
thrombocythemia

Waldenstrom
macroglobulinemia

Giant cell arteritis
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Hint

Only antibodies of the IgM type form pentamers.
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Correct Answer

A - Multiple myeloma

Image

Explanation Why

Increased immunoglobulin concentration, rouleaux formation, and features of hyperviscosity
syndrome (e.g., headache, worsening vision) can occur in patients with multiple myeloma. However,
the excess immunoglobulins found in multiple myeloma are usually IgG or IgA, which do not form
pentamers. Furthermore, multiple myeloma usually manifests with hypercalcemia, plasma cells on a
peripheral blood smear, and painful lytic bone lesions, which are not present in this patient.
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B - Hyper IgM syndrome

Explanation Why

Elevated concentration of pentameric immunoglobulins (IgM) is seen in patients with hyper [gM
syndrome. However, patients with this disorder usually develop features such as failure to thrive and
recurrent infections during infancy. Rouleaux formation and features of hyperviscosity syndrome
(e.g., headache, worsening vision) would not be expected in this condition. Also, the most common
form of hyper IgM syndrome (CD40 ligand deficiency) is an X-linked recessive disorder, so females
are not usually affected.

C - Essential thrombocythemia

Explanation Why

Blurred vision and headache are typical symptoms of essential thrombocythemia. However, a
peripheral blood smear would show thrombocytosis with aggregates of platelets rather than rouleaux
formation of RBCs or elevated immunoglobulin.

Explanation Why

Waldenstrom macroglobulinemia is a plasma cell dyscrasia characterized by abnormal proliferation
of terminally differentiated B cells that produce monoclonal IgM antibodies. Excess production leads
to formation of cold agglutinins with hyperviscosity syndrome. Impaired vision and constitutional
symptoms (e.g., fatigue, headache) commonly result. As in this patient, hemoglobin and total serum
calcium concentrations are typically normal.
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E - Giant cell arteritis

Explanation Why

Headaches and visual disturbances are common symptoms of giant cell arteritis. Rouleaux formation
of RBCs may also be seen due to increase in ESR but elevated immunoglobulin concentration would
not be expected.
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Question # 12

A 22-year-old woman is brought to the emergency department because of a 2-day history of fever,
intermittent rigors, and night sweats. She also has a 1-month history of progressive fatigue. Five weeks
ago, she was hospitalized and received intravenous antibiotics for treatment of bacterial meningitis while
visiting relatives in Guatemala. Her temperature is 39.4°C (102.9°F), pulse is 130/min, and blood

pressure is 105/70 mm Hg. Examination shows pallor and scattered petechiae and ecchymoses.

Laboratory studies show a hemoglobin concentration of 9.0 g/dL, a leukocyte count of 1,100/mm3 with

30% segmented neutrophils, and a platelet count of 20,000/mm3 . The patient was most likely treated

with which of the following antibiotics?

Answer

Image

A || Doxycycline

B || Trimethoprim/sulfamethoxazole

C || Vancomycin

D || Daptomycin

E Linezolid

F || Chloramphenicol

G || Imipenem
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Hint

The patient's pancytopenia is likely caused by an antibiotic that can also cause gray baby syndrome in
premature infants.
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Correct Answer

A - Doxycycline

Explanation Why

Side effects of doxycyline include hepatotoxicity, discoloration of teeth, inhibition of bone growth in
children, damage to mucous membranes (e.g., esophagitis), and photosensitivity. However, this
antibiotic is not associated with pancytopenia. Although oral doxycycline is used for the treatment of
Lyme meningitis in some countries, there is no evidence of Lyme disease in this patient; moreover,
she received IV rather than oral antibiotics.

B - Trimethoprim/sulfamethoxazole

Explanation Why

Trimethoprim/sulfamethoxazole (TMP/SMX) is a known cause of pancytopenia in rare cases, as well
as for more common side effects such as hyperkalemia, exanthema, photosensitivity, nephrotoxicity,
megaloblastic anemia, and leukopenia. However, TMP/SMX is not recommended for the treatment
of bacterial meningitis, so it is unlikely to have been given to this patient.

C - Vancomycin

Explanation Why

Vancomycin in combination with a third-generation cephalosporin is a first-line treatment for
bacterial meningitis in this patient's age group. However, this antibiotic is not associated with
pancytopenia. Side effects of vancomycin include nephrotoxicity, anaphylactic reactions, and the red

man syndrome.
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D - Daptomycin

Explanation Why

Side effects of daptomycin include reversible myopathy, rhabdomyolysis, and allergic pneumonitis.
However, it is not associated with pancytopenia. Moreover, daptomycin is not a recommended
treatment for bacterial meningitis.

E - Linezolid

Explanation Why

Linezolid may be associated with bone marrow suppression, especially thrombocytopenia. However,
linezolid-induced bone marrow suppression is usually dose-dependent and occurs during therapy, not
weeks later, as in this patient. Moreover, this antibiotic is not recommended as a first-line treatment
for bacterial meningitis but is used as a reserve drug for gram-positive resistant bacteria instead. It is
therefore unlikely that this patient was treated with linezolid. Further side effects include peripheral
neuropathy, gastrointestinal upset, and the risk of serotonin syndrome.

Explanation Why

Pancytopenia due to bone marrow suppression is a side effect of therapy with chloramphenicol. It
may develop in a dose-dependent, reversible manner or manifest as dose-independent irreversible
aplastic anemia with a sudden onset up to several months after treatment. Aplastic anemia is a rare
but potentially fatal side effect, so the use of chloramphenicol has been limited in developed
countries. However, due to its low cost, it is often still used to treat bacterial meningitis caused by H.
influenza, N. meningitidis, or S. pneumoniae in developing countries.
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G - Imipenem

Explanation Why

Imipenem can lower seizure threshold and cause gastrointestinal upset, skin rash, and

thrombophlebitis. However, it is not known to cause pancytopenia. Moreover, imipenem is not

recommended for the treatment of bacterial meningitis.
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Question # 13

A 4-year-old boy who recently emigrated from Ghana is brought to the physician because of a 5-day
history of pain and swelling in his hands. He has had similar episodes in the past. The patient appears
distressed. His temperature is 38.1°C (100.5°F). Physical examination shows pallor. The dorsum of his
hands and fingers are swollen, warm, and tender to palpation. Which of the following additional findings
is most likely in this patient?

Answer Image

A || Coronary artery aneurysm

B || Hyperuricemia

Salmon-colored macules

D || Thickened heart valves
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Answer

Image

Microhematuria
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Hint

Pallor and recurrent dactylitis in this child who emigrated from a malaria-endemic region are highly
suggestive of sickle cell disease.
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Correct Answer

A - Coronary artery aneurysm

Image

Explanation Why

Coronary artery aneurysm is an important complication of Kawasaki disease, a medium-vessel
vasculitis that can manifest with distal extremity pain, edema, and fever in children <5 years old, all
of which apply to this patient. However, the incidence of Kawasaki disease is highest in individuals
of Asian descent, whereas this patient comes from Africa. Furthermore, other common features of
Kawasaki disease are not seen here, such as conjunctival injection, strawberry tongue, rash, and
lymphadenopathy.
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B - Hyperuricemia

Explanation Why

Hyperuricemia is the hallmark of gouty arthritis, which can manifest with painful joint swelling in
the hands, as seen here. Causes of gout in children include Lesch-Nyhan syndrome, von Gierke
disease, and leukemia with tumor lysis. However, this patient does not have the intellectual
disability, dystonia, or self-mutilation tendency of Lesch-Nyhan syndrome. Nor does he have the
hepatomegaly, hypoglycemia, or lactic acidosis of von Gierke disease. His lack of petechiae and
recurrent infections also makes childhood leukemia less likely.

C - Salmon-colored macules

Image

Anterior uveitis

Anterior uveitis

Migratory,
salmon-colored
rash

Enthesitis

-

i

~ 2 years and 6-14 years 10-13 years

Explanation Why

A salmon-colored macular rash in combination arthritis, fever, and anemia during childhood is
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concerning for systemic juvenile idiopathic arthritis. However, larger joints (e.g., the knees, wrists,
and ankles) would usually also be affected in this condition, which is not seen here. This patient's
geographical background and lack of other systemic findings (e.g., lymphadenopathy,
hepatosplenomegaly, uveitis) support another diagnosis.

D - Thickened heart valves

Explanation Why

Thickened heart valves may be observed in carditis accompanying an episode of acute rheumatic
fever. While this patient does have arthritis and fever, his arthritis is not migratory and does not
affect the large joints (e.g., the knee, wrist, or ankle), as would be expected in rheumatic fever.
Furthermore, he has no reported history of pharyngitis, which would warrant clinical suspicion of
rheumatic fever.

Explanation Why

Microhematuria and macrohematuria can occur in sickle cell disease due to sickling of RBCs in the
renal papilla, with subsequent infarction and eventual papillary necrosis. Predisposing factors for
sickling include hypoxia, acidosis, sudden temperature change, dehydration, stress, and pregnancy.
The renal papillae are an area of very low oxygen tension (i.e., low PaO2) and, as such, are especially
susceptible to hypoxia and sickling.
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Question # 14

A 2755-g (6-1b 1-0z) baby boy is delivered at 37 weeks' gestation to a 29-year-old woman who is
gravida 3, para 3. His mother received no prenatal care during her pregnancy. 12 hours after birth, he is
evaluated for jaundice and lethargy. Laboratory studies show a hemoglobin concentration of 9.6 g/dL
and a serum total bilirubin concentration of 10 mg/dL. The results of a direct Coombs test are positive.
Further evaluation is most likely to show which of the following?

Answer

Image

A || Hyposthenuria

Positive
B || eosin-5-maleimide
binding test

C || Petechial rash

D || Hepatosplenomegaly

Elevated urinary
coproporphyrins
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Hint

A positive direct Coombs test indicates autoimmune hemolytic anemia; in this patient, the most likely
cause of a positive direct Coombs test is hemolytic disease of the newborn caused by
Rh incompatibility.
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Correct Answer

A - Hyposthenuria

Explanation Why

Hyposthenuria is most commonly seen in children with sickle cell disease and occurs due to chronic
medullary hypoperfusion. Sickle cell disease causes hemolytic anemia, as seen in this patient, but a
positive direct Coombs test is not consistent with this condition. Moreover, it would be unlikely for a
newborn infant to present with functional nephropathy secondary to sickle cell disease.

B - Positive eosin-5-maleimide binding test

Explanation Why

A positive eosin-5-maleimide binding test is diagnostic of hereditary spherocytosis. The most
common presentation of this condition in the neonatal period is a mildly anemic newborn with
hyperbilirubinemia. However, symptomatic anemia is atypical. Moreover, hereditary spherocytosis is
not an immune-mediated hemolytic condition, so a positive direct Coombs test would be unlikely.

C - Petechial rash

Explanation Why

A petechial rash in a newborn infant would be concerning for congenital CMV infection or
congenital rubella infection, both of which this infant is at risk for given the lack of prenatal care that
his mother received. However, neither of these infections would be associated with a positive
Coombs test.
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Explanation Why
Hepatosplenomegaly may be seen in neonates affected by hemolytic disease of the newborn due to

Rh incompatibility (more severe) or ABO incompatibility (less severe). Hepatosplenomegaly often

can manifest with hydrops fetalis.

develops as a result of the hemolysis (extramedullary hematopoiesis) and can be accompanied by
generalized edema, heart failure, and kernicterus. Severe cases of hemolytic disease of the newborn
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Explanation Why

E - Elevated urinary coproporphyrins
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Elevated urinary coproporphyrins would be expected in Rotor syndrome, a rare cause of conjugated
hyperbilirubinemia in infants. Laboratory values will most often show mild hyperbilirubinemia
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without anemia or hemolysis. A positive direct Coombs test would not be expected.
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Question # 15

A 25-year-old woman comes to the physician because of a 2-week history of episodic bleeding from the
nose and gums and one episode of blood in her urine. She was treated with chloramphenicol 1 month
ago for Rickettsia rickettsii infection. Her pulse is 130/min, respirations are 22/min, and blood pressure
is 105/70 mm Hg. Examination shows mucosal pallor, scattered petechiae, and ecchymoses on the

extremities. Laboratory studies show:

Hemoglobin

6.3 g/dL

Hematocrit

26%

Leukocyte count

900/mm?> (30% neutrophils)

Platelet count

50,000/mm>

The physician recommends a blood transfusion and informs her of the risks and benefits. Which of the
following red blood cell preparations will most significantly reduce the risk of transfusion-related
cytomegalovirus infection?

Answer

Image

A || Leukoreduction

B || Warming

C || Washing
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Answer

Image

Irradiation

Centrifugation
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Hint

Cytomegalovirus is an intracellular pathogen that predominantly resides in macrophages, epithelial cells,
and T cells. Immunocompromised individuals, such as this patient with chloramphenicol-induced
aplastic anemia, are at increased risk for cytomegalovirus infection from transfusion products.
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Correct Answer

Image

Explanation Why

Leukoreduction is the process of removing leukocytes from donor blood products. This practice has
been shown to reduce the rate of CMV transmission from infected donors, especially in high-risk
patients (eg immunocompromised patients). It also helps to limit febrile transfusion reactions. This
patient should thus receive leukoreduced RBC transfusions.

B - Warming

Explanation Why

RBC units can be warmed to physiological temperatures in an effort to reduce the risk of
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hypothermia or autoimmune hemolytic anemia (AIHA) via cold-induced hemolysis. However,
warmed RBCs do not decrease the risk of CMV infection.

C - Washing

Explanation Why

Washing RBCs involves removing the plasma components and replacing with an electrolyte solution.
This step intends to prevent complications associated with infusion of proteins present in residual
donor plasma such as surface antigens or circulating immunoglobulins. Patients with severe or
recurrent allergic reactions associated with red cell transfusion, or those with IgA deficiency (who
have pre-formed anti-IgA antibodies that may react with donor IgA), often receive washed RBCs.
Washed RBCs do not decrease the risk of CMV infection, though.

D - Irradiation

Explanation Why

Irradiation is the process by which donor RBCs are exposed to x-rays in an attempt to inactivate
lymphocytes. This preparation of blood cells for transfusion is used in immunosuppressed patients to
prevent graft-versus-host disease (GvHD). Although irradiation prevents the pathological activation
of donor leukocytes upon exposure to host antigens, it has no effect on CMV transmission risk; the
virus and its genome resides within leukocytes themselves, preventing reliable destruction with
radiation alone.

E - Centrifugation

Explanation Why

Centrifugation is a form of volume reduction. When applied to blood products, the centrifugation
process reduces the overall volume of the transfusion by removing the non-erythrocyte component of
the transfusion. It is performed when there is a concern for circulatory overload (e.g., due to
congestive heart failure or renal failure). Centrifugation does not affect the risk of contracting
cytomegalovirus.
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Question # 16

A 2-day-old male newborn born at 39 weeks' gestation is brought to the physician because of yellowing
of his skin. His mother received no prenatal care and the delivery was uncomplicated. She has no history
of serious medical illness and has one other son who is healthy. Physical examination shows jaundice,
hepatomegaly, and decreased muscle tone. Laboratory studies show:

Hemoglobin 9.4 g/dL
Maternal blood type || O
Patient blood type O
Serum
Bilirubin
Total 16.3 mg/dL
Direct 0.4 mg/dL

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

Answer

Image

A || Glucose-6-phosphate dehydrogenase deficiency

B || IgM antibody formation against A and B antigens

C || Biliary duct malformation

D || UDP-glucuronosyltransferase deficiency
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Answer

Image

IgG antibody formation against Rh antigen
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Hint

This newborn presents with jaundice, hepatomegaly, and indirect hyperbilirubinemia, suggesting a
hemolytic process. In this patient, an indirect Coombs test would most likely demonstrate agglutination.
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Correct Answer

A - Glucose-6-phosphate dehydrogenase deficiency

Explanation Why

Severe glucose-6-phosphate dehydrogenase deficiency (G6PD deficiency) can manifest with anemia,
jaundice, and hepatomegaly in affected neonates. However, symptoms usually do not occur until 3—4
days after birth and other features of GO6PD deficiency (e.g., dark urine) would also be expected.
Moreover, this patient lacks a family history of G6PD deficiency.

B - IgM antibody formation against A and B antigens

Explanation Why

Formation of antibodies against A and B antigens is a relatively common cause of hemolytic disease
of the newborn, which can present with anemia, jaundice, and hepatomegaly, as seen here. However,
there is no ABO incompatibility in this patient and his mother, since both have blood group O.
Moreover, unlike I1gG antibodies, [gM antibodies cannot cross the placenta.

C - Biliary duct malformation

Explanation Why

Biliary duct malformation, as seen in biliary atresia, can manifest with jaundice and hepatomegaly in
the first few days to weeks of life. However, other features of biliary duct obstruction, including
acholic stools and dark urine, would also be expected. Furthermore, due to the backup and
reabsorption of conjugated bilirubin, direct rather than indirect hyperbilirubinemia would be seen.
Lastly, biliary duct malformation would not explain this patient's anemia.
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D - UDP-glucuronosyltransferase deficiency

Explanation Why

UDP-glucuronosyltransferase deficiency is consistent with physiological neonatal jaundice, which is
due to immature UDP-glucuronosyltransferase and appears during the first 24—48 hours of life.
Although it causes indirect hyperbilirubinemia, as seen in this patient, UDP-glucuronosyltransferase
deficiency would not explain this patient's anemia and hepatomegaly.

Explanation Why

Formation of IgG antibodies against Rh antigen is characteristic of Rhesus incompatibility. This
complication typically occurs in Rh-negative mothers who have been exposed to Rh-positive blood
during prior pregnancy or delivery. The newborn may show signs of hemolytic anemia including
hepatomegaly and neonatal jaundice, as seen in this patient.
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Question # 17

A 62-year-old man comes to the physician because of easy bruising and recurrent nosebleeds over the
past 4 months. During the same time period, the patient has felt weak and has had a 10-kg (22-1b) weight
loss. Physical examination shows mucosal pallor and bruising on the upper and lower extremities in
various stages of healing. The spleen is palpated 4 cm below the left costal margin. Laboratory studies
show anemia and thrombocytopenia. A photomicrograph of a peripheral blood smear is shown.
Histologic examination of a bone marrow biopsy in this patient is most likely to show which of the
following findings?

Neoplastic granulocytes with low leukocyte
alkaline phosphatase score
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Answer

Image

Neoplastic lymphocytes that stain positive for
tartrate-resistant acid phosphatase

Neoplastic myeloid cells that stain positive for
myeloperoxidase

Dysplastic erythroid cells that stain positive for
iron

Neoplastic lymphoid cells that stain positive
for terminal deoxynucleotidyl transferase
activity
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Hint

The combination of easy bruising/bleeding, fatigue, weight loss, splenomegaly, and pallor raises concern
for hematologic malignancy, which is supported by laboratory studies showing anemia and
thrombocytopenia. Cells with filamentous, hair-like projections on peripheral blood smear are
characteristic of hairy cell leukemia.
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Correct Answer

A - Neoplastic granulocytes with low leukocyte alkaline phosphatase score

Explanation Why

Neoplastic granulocytes with low leukocyte alkaline phosphatase (LAP) score are seen in chronic
myelogenous leukemia (CML). It manifests with a dysregulated production of mature and maturing
granulocytes (e.g., neutrophils, metamyelocytes, myelocytes, basophils). CML presents at a median
age of 64 years, progresses slowly, and can include splenomegaly and B symptoms, as seen in this
patient. In CML, however, one would also expect the presence of Philadelphia chromosome (t[9;22],
BCR-ABL). Moreover, cells with filamentous hair-like projections on peripheral blood smear are not
seen in CML.
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Explanation But

Current international guidelines recommend immunohistochemistry or flow cytometry instead of
TRAP staining to establish a diagnosis of hairy cell leukemia.

Explanation Why

Neoplastic lymphocytes that stain positive for tartrate-resistant acid phosphatase (TRAP) and CD11c
in a bone marrow biopsy are characteristic findings of hairy cell leukemia. However, due to bone
marrow fibrosis, a dry tap is also commonly seen in hairy cell leukemia. This mature B-cell
malignancy has an indolent progression. It manifests with symptomatic anemia and
thrombocytopenia, splenomegaly, and (rarely) B symptoms, as seen in this patient.
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C - Neoplastic myeloid cells that stain positive for myeloperoxidase

Explanation Why

Neoplastic myeloid cells that stain positive for myeloperoxidase are typically found in patients with
acute myelogenous leukemia (AML). Median onset of AML is age 60—70 years; cytopenia,
splenomegaly, and B symptoms are commonly seen, as in this patient. In AML, however, one would
also expect hepatomegaly and a rapid progression of the disease that is not seen here. Moreover,
peripheral blood smear would show Auer rods and cytoplasmic inclusions in myeloblasts rather than
cells with filamentous, hair-like projections.

D - Dysplastic erythroid cells that stain positive for iron

Explanation Why

Ringed sideroblasts appear as dysplastic erythroid cells that stain positive for iron on peripheral
blood smear. They are seen in myelodysplastic syndromes (MDS), a group of stem cell disorders that
manifest with ineffective hematopoiesis. Although myelodysplastic syndromes involve cytopenia
and splenomegaly as seen in this patient, overt weight loss is not typically seen. Moreover, peripheral
blood smear would show pseudo-Pelger-Huet anomaly (neutrophils with bilobed nuclei) rather than
cells with filamentous hair-like projections.

E -

Neoplastic lymphoid cells that stain positive for terminal deoxynucleotidyl
transferase activity

Explanation Why

Neoplastic lymphoid cells that stain positive for terminal deoxynucleotidyl transferase (TdT) activity
and CD10 are characteristic of acute lymphoblastic leukemia (ALL). While ALL often manifests
with cytopenia, B symptoms, and splenomegaly, it predominantly affects children and has a rapid
progression, unlike here. Moreover, one would also expect hepatosplenomegaly, painless
lymphadenopathy, mediastinal mass, and CNS or testicular infiltration in ALL. Peripheral blood
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smear would not show hairy cells.
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Question # 18

A 34-year-old woman with beta-thalassemia major is brought to the physician because of a 2-month
history of fatigue, darkening of her skin, and pain in her ankle joints. She has also had increased thirst
and frequent urination for 2 weeks. She receives approximately 5 blood transfusions every year; her last
transfusion was 3 months ago. Physical examination shows hyperpigmented skin, scleral icterus, pale
mucous membranes, and a liver span of 17 cm. Which of the following serum findings is most likely in
this patient?

Answer Image

A || Elevated hepcidin

B Elevated ferritin

C Decreased transferrin saturation

D || Elevated transferrin

E || Decreased haptoglobin

F || Elevated iron-binding capacity
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Hint

This patient's fatigue, joint pain, hyperpigmented skin, signs of diabetes mellitus (e.g., polydipsia,
polyuria), hepatomegaly, and history of beta-thalassemia major with frequent blood transfusions are
highly suggestive of secondary hemochromatosis.
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Correct Answer

A - Elevated hepcidin

Explanation Why

Hepcidin is an iron-regulatory protein that impairs iron absorption in the intestinal mucosa and
decreases iron release from macrophages. As an acute-phase reactant, it mediates anemia of chronic
disease in patients with chronic inflammation. Deficiency of hepcidin is thought to cause
hemochromatosis, resulting in primary iron overload. Hepcidin levels have also been shown to be
suppressed or not detectable in patients with thalassemia, showing that secondary iron overload in
this condition is not only due to frequent blood transfusions but also results from increased iron
absorption in the intestine.

Explanation Why

Patients with beta-thalassemia major who undergo frequent blood transfusions are prone to
developing secondary iron overload due to the high iron content of red blood cells. Plasma ferritin is
a marker of total body iron stores and would thus be elevated in this patient. Other expected findings
are decreased transferrin/TIBC levels and elevated transferrin saturation.

C - Decreased transferrin saturation

Explanation Why

Transferrin saturation, which indicates how much of the circulating transferrin is bound to iron,
directly increases with serum iron levels. This patient who receives frequent blood transfusions likely
developed secondary iron overload, which results in increased transferrin saturation.
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D - Elevated transferrin

Explanation Why

Transferrin is an iron transport protein, whose levels vary inversely with total body iron stores. This
patient who receives frequent blood transfusions likely developed secondary iron overload, which
results in decreased transferrin levels.

E - Decreased haptoglobin

Explanation Why

Haptoglobin is an acute-phase reactant that binds to free hemoglobin released into the circulation and
would thus be decreased in intravascular hemolysis. Since thalassemia predominantly causes
extravascular hemolysis (occurs in the reticuloendothelial system), haptoglobin levels would not be
significantly affected.

F - Elevated iron-binding capacity

Explanation Why

The total iron-binding capacity (TIBC) reflects the blood's capacity to bind iron with transferrin and
hence is an indirect measurement of transferrin. This patient who receives frequent blood
transfusions likely developed secondary iron overload. As a result, most of her transferrin is already
bound to iron and her capacity to bind further iron is decreased.
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Question # 19

An investigator is studying the changes that occur in the oxygen-hemoglobin dissociation curve of
different types of hemoglobin under various conditions. The blood obtained from a male infant shows

decreased affinity for 2,3-bisphosphoglyceric acid. Which of the following is the most likely
composition of the hemoglobin molecule in this sample?

Answer Image
A || Pa
B || a2pSy
C || az2B2
D || 0202

E || a2y2
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Hint

A blood sample taken from a young infant is most likely to have mostly fetal hemoglobin (HbF).
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Correct Answer

A - B4

Explanation Why

HbH (B4), which is seen in patients with alpha thalassemia, has a relatively high affinity for 2,3-BPG
compared to the type of hemoglobin that would predominate in normal young infants.

B - azﬁsz

Explanation Why

HbS (azﬁsz), which is found in patients with sickle cell disease, is less negatively charged than a2

because the acidic amino acid glutamate at the 6t position of the primary beta-globin chain is
replaced by the neutral hydrophobic amino acid valine. HbS would therefore be electrostatically less
repellent to a negatively charged molecule such as 2,3-BPG (i.e., increased affinity) when compared
to hemoglobin that contains normal beta-globin peptides.

C - 022

Explanation Why

HbA (a2B2), which is the major hemoglobin type found in older children and adults, has a relatively
high affinity for 2,3-BPG compared to the type of hemoglobin that would be found in young infants.
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D - 0202

Explanation Why

HbA> (0262), which accounts for 3% of the hemoglobin found in adults, has a relatively high affinity
for 2.3-BPG compared to the type of hemoglobin that would predominate in young infants.
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Explanation But

2.3-BPG causes a right shift of O2-Hb dissociation curve by stabilizing deoxyhemoglobin, which has
a lower O3 affinity than oxyhemoglobin due to the phenomenon of positive cooperativity. HbF,
which has a low affinity for 2,3-BPG, will therefore have a higher oxygen affinity than maternal
HbA | (left shift of O2-Hb dissociation curve). This facilitates O2 transfer from maternal to fetal
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blood.
Explanation Why

The negatively charged 2.3-BPG binds to the central space between the two beta-globin chains of
deoxygenated HbA1 (02f2) by interacting with the positively charged basic amino acids lysine and
histidine. In the gamma chain of HbF (a2y2), the histidine residue is replaced by the neutral amino
acid serine, which decreases affinity of HbF for 2,3-BPG. HbF is the major type of hemoglobin in-
utero and during early infancy but by 6—12 months after birth, gamma globin synthesis is negligible
and HbA1 (a2f2) becomes the major type of hemoglobin.
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Question # 20

A 45-year-old woman with B-thalassemia major comes to the physician with a 1-week history of fatigue.
She receives approximately 8 blood transfusions per year; her last transfusion was 1 month ago.
Examination shows conjunctival pallor. Her hemoglobin level is 6.5 mg/dL. Microscopic evaluation of a
liver biopsy specimen in this patient would most likely show which of the following?

Answer Image

A || Macrophages with yellow-brown, lipid-containing granules

Macrophages with cytoplasmic granules that stain golden-yellow with
hematoxylin

C || Extracellular deposition of pink-staining proteins

D || Cytoplasmic brown-pigmented granules that stain positive for S-100

E || Cytoplasmic pink-staining granules that stain positive with PAS
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Hint

Individuals requiring recurrent blood transfusions are susceptible to an iron overload state.
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Correct Answer

A - Macrophages with yellow-brown, lipid-containing granules

Explanation Why

A liver biopsy showing macrophages with yellow-brown, lipid-containing granules describes
lipofuscin deposits, which accumulate with increasing age in several organs such as the heart and
neurons. Pathologically increased deposition of lipofuscin is implicated in the pathogenesis of
various diseases, including macular degeneration, neurocognitive disorders like Alzheimer disease,
and various lysosomal storage diseases. However, it is not associated with iron overload.

Explanation Why

A liver biopsy showing macrophages with cytoplasmic granules that stain golden-yellow with
hematoxylin describes hemosiderin deposits. These often occur in the setting of chronic iron
overload, as seen in this patient. Recurrent blood transfusions stimulate increased hemolysis with
subsequent phagocytosis of hemoglobin by macrophages, thereby promoting hemosiderin
accumulation. In severe cases, secondary hemochromatosis eventually develops. This patient's
biopsy sample would also stain brightly with Prussian blue, which identifies intracellular iron.

C - Extracellular deposition of pink-staining proteins

Explanation Why

A liver biopsy showing extracellular deposition of pink-staining proteins is characteristic of amyloid
proteins, which can accumulate in the setting of localized or systemic amyloidosis. Amyloid proteins
can best be visualized with congo-red stain and develop either in response to chronic inflammatory
or infectious conditions or idiopathically as primary amyloidosis. However, neither thalassemia nor
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chronic transfusion therapy is associated with the development of secondary amyloidosis.

D - Cytoplasmic brown-pigmented granules that stain positive for S-100

Explanation Why

A liver biopsy showing cytoplasmic brown-pigmented granules that stain positive for S-100 would
be consistent with metastatic melanoma. However, because this patient does not have a history of
suspicious skin lesions or previously diagnosed melanoma, metastatic melanoma is highly unlikely.

E - Cytoplasmic pink-staining granules that stain positive with PAS

Explanation Why

A liver biopsy showing cytoplasmic pink-staining granules that stain positive with PAS indicate
deposition of excess sugars. This finding is typically observed in patients with glycogen storage
diseases but not in those receiving chronic blood transfusions.
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Question # 21

An 8-year-old boy is brought to the physician because of a 1-day history of severe left hand pain. He has
had similar painful episodes in the past that required hospitalization. Physical examination shows pale
conjunctivae. There is tenderness on palpation of the wrist and the small joints of the left hand.
Peripheral blood smear shows crescent-shaped erythrocytes. He is started on a pharmacologic agent that
is known to cause macrocytosis. This drug causes an arrest in which of the following cell cycle phases?

Answer | Image

A || Go phase
B || M phase
C || S phase

D || G2 phase

E || Gi phase
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Hint

A patient with a frequent history of pain crisis requiring hospitalization and crescent-shaped
erythrocytes on blood smear is highly suggestive of sickle cell disease (SCD). The first-line therapy for
long-term management of SCD is hydroxyurea. This drug is known to cause macrocytosis.
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Correct Answer

A - Go phase

Explanation Why

GO phase of the cell cycle will be arrested in patients taken chemotherapeutic drugs such as
alkylating agents and platinum-based agents. Some alkylating agents have been shown to cause
macrocytosis as seen in this patient. Nevertheless, these drugs are not used in long-term therapy of
patients with sickle cell disease.

B - M phase

Explanation Why

M phase arrest is seen in patients taking chemotherapeutic agents such as taxanes and vinca
alkaloids. These agents have not been demonstrated to cause macrocytosis and would not be used in
a patient with sickle cell disease.

Explanation Why

The S phase of the cell cycle will be arrested in a patient taking hydroxyurea. Hydroxyurea has toxic
effects on the bone marrow and it has been shown to induce an atypical form of macrocytosis
(nonmegaloblastic anemia) characterized by the presence of volumetric macrocytes. It is important to
note that these macrocytes are different from the megaloblasts seen in megaloblastic anemia. S phase
inhibition and macrocytosis are observed in a wide range of drugs with toxic effects on the bone
marrow (e.g., methotrexate, adriamycin, purine antagonists, pyrimidine antagonists, and alkylating

agents).

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

D - G2 phase

Explanation Why

G2 phase arrest will be seen in patients taking proteasome inhibitors (e.g., bortezomib and
carfilzomib) for multiple myeloma or mantle cell lymphoma. The side effect profile of these agents

does not include macrocytosis. Furthermore, these agents would not be used in a patient with sickle
cell disease.

E - G1 phase

Explanation Why

G1 phase of the cell cycle will be arrested in patients taking chemotherapeutic drugs like monoclonal
antibodies and some tyrosine kinase inhibitors (e.g., gefitinib or erlotinib for non-small lung cell
cancer). G1 phase arrest can also be seen in pharmacologic inhibitors of cyclin-dependent kinase.
These agents have not been demonstrated to cause macrocytosis and would not be used in a patient
with sickle cell disease.
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Question # 22

A 48-year-old woman comes to the physician because of a 4-month history of lightheadedness,
intermittent headaches, and easy bruising. Five months ago, she was treated for an episode of

thrombophlebitis. Physical examination shows multiple bruises on her limbs. Laboratory studies show a

platelet count of 900,000/mm3 and elevated levels of serum lactate dehydrogenase and uric acid.
Treatment with a medication is begun that is also used in the treatment of sickle cell disease. Which of
the following mechanisms 1s most likely responsible for the beneficial effect of this drug in sickle cell

disease?

Answer

Image

A || Inhibition of thrombocyte aggregation

B || Increase in circulating fetal hemoglobin

C || Augmentation of red blood cell production

D || Substitution of cofactors for DNA synthesis

E Inhibition of stem cell differentiation

F || Restoration of the body's iron stores

G || Prevention of hemoglobin S polymerization
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Hint

Easy bruising, thrombophlebitis, and symptoms of microvascular disturbance (e.g., lightheadedness,
intermittent headaches) in a patient with a dramatically elevated platelet count are suggestive of essential
thrombocythemia (ET). The drug used as a cytoreductive agent in patients with ET is hydroxyurea.
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Correct Answer

A - Inhibition of thrombocyte aggregation

Explanation Why

Inhibition of thrombocyte aggregation is the effect of antiplatelet agents. Aspirin, a
cyclooxygenase-1 inhibitor, is used to prevent thrombotic events in essential thrombocythemia,
which this patient has. However, antiplatelet agents play no role in preventing hemolysis or vaso-
occlusive crises in individuals with sickle cell anemia.

Explanation Why

Fetal hemoglobin (HbF) does not contain -globin chains, the mutated component in sickle cell
anemia hemoglobin (HbS). Hydroxyurea alters the genetic expression of B-globin chains, with
v-globin chains being produced instead (i.e., HbF created in place of HbS or HbA). RBCs containing
a higher concentration of HbF do not sickle. Therefore, the number of hemolytic and vaso-occlusive
episodes decreases, making hydroxyurea the first-line treatment for sickle cell anemia. Hydroxyurea
also has a cytoreductive action, blocking DNA synthesis and cell division by inhibiting
ribonucleotide reductase. This makes it a potent antimetabolite and a useful drug in the treatment of
myeloproliferative diseases, as this patient has.

C - Augmentation of red blood cell production

Explanation Why

Augmentation of red blood cell production is the effect of recombinant human erythropoietin
(thEPO). This reduces the severity of anemia and need for transfusions in individuals with chronic
kidney disease, chemotherapy-induced myelosuppression, and anemia of myelodysplastic
syndromes. However, this patient presents with essential thrombocythemia, a myeloproliferative
disease that would benefit from treatment with a cytoreductive agent (e.g., an antimetabolite), not an
erythropoiesis-stimulating agent. In addition, thEPO is not preferred in the treatment of sickle cell
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anemia, as it does not prevent hemolysis or vaso-occlusive crises.

D - Substitution of cofactors for DNA synthesis

Explanation Why

Substitution of cofactors for DNA synthesis (i.e., Vitamin B12 and/or folic acid) is the primary
treatment for megaloblastic anemia. Essential thrombocythemia, which this patient has, is caused by
excessive proliferation of megakaryocytes, not ineffective DNA synthesis of erythrocyte precursors.
Therefore, vitamin B12 and folic acid are not administered as therapy. In individuals with sickle cell
anemia, vitamin B12 and folic acid may be supplemented to support the increased erythropoiesis
following a hemolytic crisis. However, they play no role in preventing sickling of RBCs or vaso-
occlusive crises.

E - Inhibition of stem cell differentiation

Explanation Why

Inhibition of stem cell differentiation into megakaryocytes is the mechanism of action of IFN-a, a
treatment option for essential thrombocythemia, which this patient has. However, as sickle cell
anemia is a genetic mutation affecting hemoglobin, not megakaryocytes, IFN-a would not be
beneficial in its management.

F - Restoration of the body's iron stores

Explanation Why

Restoration of the body's iron stores is achieved by either oral or parenteral administration of iron.
Individuals with sickle cell anemia can develop iron deficiency secondary to hemolysis and urinary
loss of iron. However, iron supplementation is not routinely given to adults with sickle cell anemia,
as there is evidence that iron-deficient RBCs are less prone to sickling. (Iron supplementation is,
however, recommended for iron-deficient children with sickle cell anemia.) This patient was
diagnosed with essential thrombocythemia, a myeloproliferative disorder of platelets that is not
treated with iron supplementation.
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G - Prevention of hemoglobin S polymerization

Explanation Why

Drugs that prevent hemoglobin S (HbS) polymerization are still under investigation and could be the
future mainstay of treatment for sickle cell disease. However, the current drug that is beneficial in
treating sickle cell anemia and this patient's essential thrombocythemia does not prevent HbS
polymerization.
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Question # 23

A 25-year-old woman comes to the physician because of recurrent episodes of reddish discoloration of
her urine. She also has a 3-month history of intermittent abdominal pain, yellowish discoloration of the
skin and eyes, and fatigue. Physical examination shows pallor and scleral icterus. The spleen is not

palpable. Her hemoglobin concentration is 7.8 g/dL, leukocyte count is 2,000/mm3 , and platelet count is

80,000/mm3. Serum LDH and unconjugated bilirubin concentrations are elevated. Addition of a serum
containing anti-human globulins to a blood sample shows no agglutination. A urine dipstick shows
blood; urinalysis shows no RBCs. A CT scan of the abdomen shows a thrombus in a distal branch of the
superior mesenteric vein. Which of the following is the most likely cause of this patient's condition?

Answer

Image

A || Activation and consumption of platelets and coagulation factors

B || Endothelial cell dysfunction from bacterial toxin production

C || Absence of protective factors against destruction by complement

D || Formation of IgG antibodies against glycoprotein IIb/I1Ia

E || Replacement of a single amino acid in a -globin chain

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Hint

This patient's red urine (with no RBCs on dipstick), fatigue, abdominal pain, jaundice, pancytopenia,
evidence of intravascular hemolysis (unconjugated hyperbilirubinemia, elevated LDH), negative
Coombs test, and venous thrombosis are all suggestive of paroxysmal nocturnal hemoglobinuria (PNH).
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Correct Answer

A - Activation and consumption of platelets and coagulation factors

Explanation Why

Activation and consumption of platelets and coagulation factors is a characteristic of disseminated
intravascular coagulation (DIC), an acquired coagulopathy that is frequently seen in hospitalized
individuals. DIC may manifest with fatigue, jaundice, hematuria, LDH elevation, venous thrombosis,
and a negative Coombs test, which are seen in this patient. However, clinical features of DIC also
involve bleeding manifestations (e.g., petechiae, purpura, ecchymoses), which are not seen here.
Additionally, DIC usually appears following sepsis (acutely), trauma, or malignancy (subacutely)
and would not cause pancytopenia.

B - Endothelial cell dysfunction from bacterial toxin production

Explanation Why

Endothelial cell dysfunction triggered by bacterial toxin production promotes vasoconstriction and
platelet microthrombus formation. These occlude the arterioles and capillaries, resulting in
microangiopathic hemolytic anemia, the hallmark of hemolytic uremic syndrome. In HUS, RBCs are
mechanically destroyed as they pass through the platelet microthrombi, resulting in hemolysis and
end-organ ischemia. Affected patients present with thrombi, hematuria, fatigue, pallor, jaundice,
unconjugated hyperbilirubinemia, elevated LDH, and a negative Coombs test, all of which are seen
in this patient. However, HUS is mostly seen in children and manifests after diarrheal illness with
petechiae, purpura, or mucosal bleeding due to thrombocytopenia. This patient's large-vessel venous
thrombosis and pancytopenia are not characteristic of HUS.

Explanation Why

The absence of GPI anchor proteins CD55 and CD59, which are factors on stem cells protecting
against complement destruction, is the physiological hallmark of PNH. In this condition, RBCs are
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especially sensitive to destruction by complement complexes, which causes intravascular hemolysis
(unconjugated hyperbilirubinemia, elevated LDH), manifesting with jaundice and hemoglobinuria
(dark urine). Complements also destroy leukocytes and thrombocytes, causing pancytopenia. Due to
RBC destruction, less nitric oxide is generated by RBCs, and the remaining NO is scavenged by free
hemoglobin (a result of hemolysis). NO is a vasodilator that causes muscle relaxation and inhibits
platelet aggregation. Therefore, a lack of NO induces painful smooth muscle spasm (abdominal
pain), vasoconstriction, and platelet aggregation. The latter promotes venous thrombosis, typically in
unusual locations (hepatic or portal vein). Venous thrombosis formation is a severe complication and
often leads to death in PNH.

D - Formation of IgG antibodies against glycoprotein IIb/IIla

Explanation Why

The formation of IgG antibodies against Gpllb/Illa on platelets has been reported in patients with
idiopathic thrombocytopenic purpura (ITP) and Glanzmann thrombasthenia (a very rare condition),
which both cause thrombocytopenia. However, this patient does not demonstrate petechiae or
ecchymoses but signs of hemolytic anemia (fatigue, jaundice, unconjugated hyperbilirubinemia,
elevated LDH, and hemoglobinuria) as well as pancytopenia, abdominal pain, venous thrombosis,
and a negative Coombs test, all of which are inconsistent with ITP or Glanzmann thrombasthenia.

E - Replacement of a single amino acid in a B-globin chain

Explanation Why

The replacement of a single amino acid in a B-globin chain (hydrophilic glutamic acid to
hydrophobic valine) is the characteristic mutation seen in sickle cell anemia. The sickling of cells
induces intravascular and extravascular hemolysis as well as RBC aggregation, causing vaso-
occlusion. Affected patients may present with abdominal pain, pallor, increased LDH and
unconjugated bilirubin as well as a negative Coombs test and hematuria (due to renal papillary
necrosis), which are all seen in this patient. However, this patient's pancytopenia and venous
thrombosis are uncharacteristic of sickle cell disease and are highly suggestive of another inherited
hemolytic anemia.
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Question # 24

An 18-year-old man comes to the physician because of fatigue, back pain, and dark-colored urine for
two days. He has no history of serious illness. He recently sprained his ankle playing basketball and has
been taking ibuprofen as needed for pain. Physical examination shows scleral icterus. Laboratory studies
show a hemoglobin concentration of 9.2 g/dL and serum lactate dehydrogenase concentration of

354 U/L. A photomicrograph of a peripheral blood smear with Wright's stain is shown. Which of the
following is the most likely mode of inheritance for this patient's condition?

Answer Image
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Hint

This patient's hemolytic anemia following NSAID use and the presence of Heinz bodies on peripheral
blood smear are highly suggestive of an underlying G6PD deficiency.
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Correct Answer

A - Autosomal recessive

Image
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Explanation Why

Important autosomal recessive disorders to consider in the setting of hemolytic anemia are
thalassemias, sickle cell anemia, hemoglobin C disease., and pyruvate kinase disease. However, none
of these show hemolysis triggered by medication (such as the NSAIDs taken by this patient).
Furthermore, a peripheral blood smear would show poikilocytosis and codocytes (target cells) in
thalassemias and HbC disease, sickle cells in sickle cell anemia, and burr cells in pyruvate kinase
deficiency. This patient's blood smear showed Heinz bodies and bite cells, indicating G6PD
deficiency, which has another pattern of inheritance.
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B - X-linked dominant
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Explanation Why

X-linked dominant disorders affect both men and women but are often less severe in women since
they have one normal allele. Rett syndrome and hypophosphatemic rickets are classic examples of x-

linked dominant disorders. However, these conditions do not manifest with recurrent hemolytic
anemia following NSAID use. This patient has G6PD deficiency, which has another pattern of

inheritance.

/ Abortion or n¢
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C - Autosomal dominant

Image
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Explanation Why

The most important autosomal dominant disorder to consider in the setting of hemolytic anemia is
hereditary spherocytosis (autosomal dominant is the most common type). The red blood cells in a
patient with hereditary spherocytosis are extremely vulnerable to osmotic stress and hemolysis.
However, a blood smear would show spherocytes, not Heinz bodies and bite cells, as seen in this
patient. This patient has G6PD deficiency, which has another pattern of inheritance.
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D - Mitochondrial inheritance

Image

I

Male Female | Affected individual

Explanation Why

In mitochondrial inheritance, a gene is passed from mother to child by mitochondrial DNA. All
offspring of aftfected females may show signs of the disease. MELAS syndrome and Leber hereditary
optic neuropathy are classic examples of diseases with mitochondrial inheritance. These conditions
do not manifest with recurrent hemolytic anemia following NSAID use.
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Explanation Why

G6PD deficiency is an x-linked recessive disorder. G6PD regenerates reduced glutathione, which is

required for eliminating hydrogen peroxide and free radicals. In G6PD deficiency, affected males are
hemizygous for an impaired G6PD enzyme, which leaves RBCs susceptible to oxidative stress by
hydrogen peroxide and free radicals. Oxidative stress denatures hemoglobin, which precipitates as

small inclusions within the erythrocytes (Heinz bodies). Bite cells can also be seen, formed when
macrophages selectively remove damaged parts of RBC membranes. G6PD deficiency is usually
asymptomatic, but a sudden surge in oxidative stress (e.g., from infection, fava bean consumption,
antimalarials, or NSAIDs, as this patient took) may lead to a life-threatening hemolytic crisis.
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Question # 25

A 62-year-old woman with a history of subarachnoid hemorrhage is brought to the emergency
department because of shortness of breath and sharp chest pain that worsens on inspiration. She
underwent surgery for a hip fracture 3 weeks ago. Her pulse is 110/min, respirations are 20/min, and
blood pressure is 112/74 mm Hg. Pulse oximetry on room air shows an oxygen saturation of 92%. The
lungs are clear to auscultation and there is no jugular venous distention. A ventilation and perfusion scan
shows a small perfusion defect in the left lower lung. A drug with which of the following mechanisms of
action is most appropriate for this patient?

Answer Image

A || Inhibition of vitamin K epoxide reductase

B || Inhibition of cyclooxygenase

C || Inhibition of adenosine diphosphate receptors

D || Activation of plasminogen

E Activation of antithrombin 11
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Hint

This patient's presentation of chest pain and dyspnea in combination with her recent surgery (suggestive
of immobilization) and perfusion defect makes the diagnosis of pulmonary embolism very likely.
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Correct Answer

A - Inhibition of vitamin K epoxide reductase

Explanation Why

Inhibition of vitamin K epoxide reductase prevents any further y-carboxylation of vitamin
K-dependent coagulation factors and is the mechanism of action of warfarin. Because previously
y-carboxylated factors are still present, the anticoagulative effect does not occur immediately.
Therefore, warfarin is the drug given for long-term anticoagulation (e.g., post-MI, heart valve
damage, atrial fibrillation, arrhythmias). However, anticoagulation therapy of pulmonary embolism
must be started immediately.

B - Inhibition of cyclooxygenase

Explanation Why

Irreversible inhibition of COX 1 and 2 decreases synthesis of thromboxane A2, which in turn inhibits
platelet aggregation. This is the mechanism of action of acetylsalicylic acid (ASA). In higher dosage,
it has also an antipyretic and analgesic effect. Low-dose aspirin is used in the management of
cardiovascular events (e.g., acute M1, angina) and for primary/secondary prophylaxis of
cardiovascular disease. However, it is not used for initial treatment of pulmonary embolism.

C - Inhibition of adenosine diphosphate receptors

Explanation Why

Irreversible inhibition of ADP receptors (P2Y12), which prevents the expression of glycoproteins
IIb/I1Ia on the surface of the platelets and thereby inhibits platelet aggregation, is the mechanism of
some ADP receptor inhibitors such as clopidogrel, prasugrel, and ticlopidine (not ticagrelor, which is
reversible). These drugs are used in the treatment of acute coronary syndrome and peripheral arterial
disease as well as in the prevention of ischemic stroke. However, they are not used for initial
treatment of pulmonary embolism.

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

D - Activation of plasminogen

Explanation Why

The activation of plasminogen is its conversion to plasmin, which is the main enzyme responsible for
clot breakdown. This is the mechanism of action of recombinant tissue plasminogen activators (e.g.,
alteplase, reteplase, tenecteplase). They are used in patients with acute coronary syndrome,
pulmonary embolism, or ischemic stroke. Fibrinolysis might be necessary for massive, life-
threatening pulmonary embolism (causing hypotension or hemodynamic instability). However, this
patient does not present with signs of severe pulmonary embolism. In addition, her history of
subarachnoid hemorrhage is an absolute contraindication to treatment with tPA.

Explanation Why

Antithrombin III is a non-vitamin K-dependent protease that cleaves factors Ila, [Xa, Xa, thereby
inhibiting the coagulation cascade. The activity of this enzyme is potentiated by heparin, which is
indicated as initial anticoagulation therapy in patients with pulmonary embolism, thrombosis,
unstable angina pectoris, and disseminated intravascular coagulation. Two forms of heparin in
clinical use are low molecular weight heparin (LMWH) and unfractionated heparin (UFH). LMWH
is preferred as it binds selectively to antithrombin III and has lower risk of side effects.

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Question # 26

A 71-year-old woman comes to the physician because of palpitations and shortness of breath that started
3 days ago. She has hypertension and congestive heart failure. Her pulse is 124/min, and blood pressure
1s 130/85 mm Hg. Cardiac examination shows an irregularly irregular rhythm without any murmurs. An
ECG shows a narrow-complex tachycardia without P waves. The patient is prescribed a prophylactic
medication that can be reversed with idarucizumab. The expected beneficial effect of the prescribed drug
is most likely due to which of the following effects?

Answer Image

A || Induction of conformational change in antithrombin III

B || Activation of plasminogen conversion to plasmin

C || Inhibition of thrombocyte phosphodiesterase I11

D || Irreversible inhibition of GPIIb/IIla complex

E Direct inhibition of factor Xa

F || Reduced activation of clotting factors II, VII, IX, and X

G || Direct inhibition of thrombin
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Hint

This patient has symptoms and ECG findings consistent with atrial fibrillation, which is often an
indication for prophylactic anticoagulation for stroke prevention. Idarucizumab is a reversal agent that
can be used in the setting of hemorrhage in patients who take dabigatran.
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Correct Answer

A - Induction of conformational change in antithrombin III

Explanation Why

Activation of antithrombin III by induction of a conformational change is the mechanism of action of
heparin. This drug has many indications, one of which is immediate anticoagulation in patients with
atrial fibrillation who require cardioversion. The effects of heparin are not reversed by idarucizumab
but instead by protamine sulfate.

B - Activation of plasminogen conversion to plasmin

Explanation Why

Increased conversion of plasminogen to plasmin is the mechanism of action of recombinant tissue
plasminogen activator (e.g., alteplase, reteplase, tenecteplase) and streptokinase. These drugs are
used as thrombolytics to treat myocardial infarction, ischemic stroke, and pulmonary embolism, but
they are not used for stroke prophylaxis. Additionally, the effects of thrombolytics are not reversed
by idarucizumab; aminocaproic acid and tranexamic acid are used.

C - Inhibition of thrombocyte phosphodiesterase I11

Explanation Why

Inhibition of phosphodiesterase III in thrombocytes is the mechanism of action of cilostazol and
dipyridamole. These drugs are used for stroke prophylaxis, prevention of coronary stent restenosis,
and for intermittent vascular claudication. However, the effects of these drugs are not reversed by
idarucizumab.
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D - Irreversible inhibition of GPIIb/IIIa complex

Explanation Why

Irreversible inhibition of glycoprotein [Ib/I1la complex is the mechanism of action of drugs such as
abciximab, eptifibatide, and tirofiban. These drugs have a specific indication for use in high-risk
patients with unstable angina/NSTEMI planned for percutaneous coronary intervention within 24
hours to prevent thrombotic complications. These agents are not used for stroke prophylaxis as
needed in this patient's case. Additionally, the effects of these drugs are not reversed by
idarucizumab.

E - Direct inhibition of factor Xa

Explanation Why

Direct inhibition of factor Xa is the mechanism of action of drugs such as apixaban and rivaroxaban,
which are used for stroke prophylaxis and venous thromboembolism prophylaxis and treatment. The
effects of these drugs can be reversed by the antidote andexanet alfa, not idarucizumab.

F - Reduced activation of clotting factors I1, VIL, IX, and X

Explanation Why

Reduced activation of the vitamin K-dependent clotting factors II, VII, IX, and X is the mechanism
of action of warfarin, an oral anticoagulant used for stroke prophylaxis and venous
thromboembolism prophylaxis and treatment. Idarucizumab does not reverse the effects of this drug.
Instead, reversal agents for warfarin include vitamin K and fresh frozen plasma.
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Explanation Why

Direct inhibition of thrombin is the mechanism of action of dabigatran, an oral anticoagulant used for
stroke and venous thromboembolism prophylaxis. The effects of dabigatran can be reversed by
administration of idarucizumab. Fresh frozen plasma, prothrombin complex concentrate, and/or
antifibrinolytics (e.g., tranexamic acid) can be used if idarucizumab is not available. Idarucizumab
does not reverse the effects of intravenously administered direct thrombin inhibitors such as
argatroban and bivalirudin (structurally related to hirudin produced by leeches).
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Question # 27

A 68-year-old man comes to the emergency department 12 hours after the appearance of tender, purple
discolorations on his thighs and lower abdomen. He began taking a medication 4 days ago after failed
cardioversion for atrial fibrillation, but he cannot remember the name. Physical examination shows a
tender bluish-black discoloration on the anterior abdominal wall. A photograph of the right thigh is
shown. Which of the following is the most likely explanation for this patient's skin findings?

Answer

Image

A || Deficiency of vitamin K

B || Decreased synthesis of antithrombin III

C || Antibodies against platelet factor 4
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Answer

Image

Increased levels of protein S

Reduced levels of protein C
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Hint

The patient was likely started on warfarin and now has warfarin-induced skin necrosis.
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Correct Answer

A - Deficiency of vitamin K

Explanation Why

Deficiency of vitamin K would lead to a bleeding diathesis. Patients may present with purpura, but
not with necrosis. Moreover, vitamin K deficiency is a rare condition in adults because of the wide
availability of the vitamin and the fact that it is produced by the gut flora.

B - Decreased synthesis of antithrombin III

Explanation Why

A decrease in synthesis of antithrombin III results in a hypercoagulable state and can manifest with
thrombotic necrosis as seen here. Decreased antithrombin III production can occur in liver diseases,
which this patient does not have. Moreover, decreased antithrombin III production is not triggered by

anticoagulants.

C - Antibodies against platelet factor 4

Explanation Why

Antibodies against complexes of platelet factor 4 and heparin are formed in heparin-induced
thrombocytopenia type 11 (HIT). HIT II can cause both thrombocytopenia and thrombosis and can
present with purpura leading to skin necrosis. However, HIT II appears 5—10 days after initiating
heparin, whereas this patient's symptoms occurred 4 days after beginning therapy.
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D - Increased levels of protein S

Explanation Why

Protein S is a vitamin K-dependent anticoagulation protein synthesized in the liver. Warfarin is an
inhibitor of vitamin K epoxide reductase, which causes a decrease in vitamin K-dependent
coagulation factors, and would, therefore, lead to a decrease in protein S.

Explanation Why

Reduced levels of protein C can be caused by warfarin. When warfarin therapy is initiated, the levels
of anticoagulative protein C and protein S are diminished before the vitamin K-dependent factors II,
VII, IX, X. This results in a transient state of hypercoagulability, during which time patients are at
risk of thrombosis and warfarin-induced skin necrosis.
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Question # 28

A 21-year-old woman comes to the physician because of a 1-day history of right leg pain. The pain is
worse while walking and improves when resting. Eight months ago, she was diagnosed with a
pulmonary embolism and was started on warfarin. Anticoagulant therapy was discontinued two months
ago. Her mother had systemic lupus erythematosus. On examination, her right calf is diffusely
erythematous, swollen, and tender. Cardiopulmonary examination shows no abnormalities. On duplex
ultrasonography, the right popliteal vein is not compressible. Laboratory studies show an elevated serum
level of D-dimer and insensitivity to activated protein C. Further evaluation of this patient is most likely
to show which of the following?

Answer Image

A || Antiphospholipid antibodies

B || Protein S deficiency

C || Loss of plasma antithrombin in urine

Extrinsic pathway Common pathway Intrinsic pathway

D || Elevated coagulation factor VIII levels e SN

E | Elevated levels of homocysteine

F || Mutation of prothrombin

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Answer

Image

Mutation of coagulation factor V

Antithrombin III deficiency

Deficiency of protein C
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Hint

This patient's history of pulmonary embolism, warfarin use, and clinical features of calf tenderness,
swelling, erythema, elevated D-dimer, and noncompressible popliteal vein all indicate deep vein
thrombosis. Her lab values point to insensitivity to activated protein C as the underlying cause.
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Correct Answer

A - Antiphospholipid antibodies

Explanation Why

Antiphospholipid syndrome is due to acquired antibodies directed against phospholipids bound to
plasma proteins such as lupus anticoagulant, anticardiolipin, and beta2-glycoprotein 1. This
interaction leads to aggregation of clotting factors, which result in thrombus formation. Although this
patient has a family history of SLE and presents with hypercoagulability, the lack of additional
findings, such as malar rash, photosensitivity, and arthritis, make SLE less likely.

B - Protein S deficiency

Explanation Why

Protein S along with Protein C are natural anticoagulants in the body. When protein C is activated by
thrombin, it complexes with protein S to inhibit factor Va and factor VIlIIa. Deficiency of protein S
can lead to hypercoagulability, but it is a rather rare disease only accounting for ~ 1%. Thus, it is not
the best answer choice.

C - Loss of plasma antithrombin in urine

Explanation Why

Loss of plasma antithrombin in urine, along with an increase in blood viscosity due to extravasation
of fluid from albumin loss in urine, is the pathophysiology of thrombophilia in nephrotic syndrome.
However, this patient lacks the typical features of nephrotic syndrome (e.g., edema, weight gain,
frothy urine), and instead, she presents with insensitivity to activated protein C, which cannot be
explained by nephrotic syndrome.
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D - Elevated coagulation factor VIII levels

Image
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Explanation Why

Coagulation factor VIII is part of the intrinsic pathway and is bound to von Willebrand factor.
Elevated levels, in combination with factor 1Xa, activates factor X into factor Xa which results in a
hypercoagulable state (i.e., thrombophilia). Although this patient's presentation could be explained
by an elevated factor VIII, insensitivity to activated protein C makes another cause more likely.

E - Elevated levels of homocysteine

Explanation Why

Elevated levels of homocysteine can be seen in patients with mutations in enzymes that metabolize
homocysteine (autosomal recessive), vitamin B12 and/or, vitamin B6 deficiency.
Hyperhomocysteinemia is considered a risk factor for thrombosis as it alters the function of
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thrombomodulin, factor VII, and factor V. Excess homocysteine also damage the vasculature leading
to decreased endothelial antithrombotic activity. However, this patient has no evidence of anemia due
to vitamin B6 or B12 deficiency (fatigue, pallor, tachycardia) or family history of a metabolic
disease (enzyme deficiency). Moreover, insensitivity to activated protein C is suggestive of an
alternative diagnosis.

F - Mutation of prothrombin

Explanation Why

The prothrombin mutation (G20210A) is the second most common hereditary cause of
hypercoagulability. The mutation leads to increased expression of prothrombin. Prothrombin is
activated by factor V to form thrombin, which then activates fibrinogen into fibrin to stabilize blood
clots. Since laboratory results revealed insensitivity to activated protein C, another choice is more
likely to be the cause of this patient's DVT.

Explanation Why

Mutation of coagulation factor V (Factor V Leiden) does not allow activated protein C, a potent
anticoagulant, to inhibit the coagulation cascade. This causes a procoagulant state by activation of
prothrombin into thrombin (i.e., thrombophilia), which has lead to this patient's DVT.

H - Antithrombin III deficiency

Explanation Why

Antithrombin III deficiency accounts for ~ 0.1% of inherited cases of hypercoagulability and leads
to a procoagulable state because of increased levels of thrombin and factor X. Neither of these
factors is mentioned in this patient's laboratory studies.
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I - Deficiency of protein C

Explanation Why

Protein C along with Protein S are natural anticoagulants in the body. When protein C is activated by
thrombin, it complexes with protein S to inhibit factor Va and factor VIIIa. Protein C deficiency is a
rare disease with a prevalence of < 1%. Moreover, laboratory results in this patient are not consistent
with Protein C deficiency.
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Question # 29

A previously healthy 39-year-old man comes to the physician because of a 1-month history of fatigue
and red-colored urine. His vital signs are within normal limits. Physical examination shows pallor and

jaundice. His platelet count is 90,000/mm3 and creatinine concentration is 1.0 mg/dL. A direct Coombs
test is negative. Flow cytometry shows erythrocytes deficient in CD55 and CD59 surface antigens. This

patient is at greatest risk for which of the following complications?

Answer

Image

A || Seizures

B || Radiolucent gallstones

C || Acrocyanosis

D || Venous thrombosis

E || Hepatocellular carcinoma

F || Chronic lymphocytic leukemia
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Hint

Deficiency of CD55 and CD59 surface antigens indicates paroxysmal nocturnal hemoglobinuria (PNH),
which manifests with features of intravascular hemolytic anemia (e.g., jaundice, red urine due to
hemoglobinuria) and pancytopenia (due to bone marrow failure).
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Correct Answer

A - Seizures

Explanation Why

Seizures are a common feature of thrombotic thrombocytopenic purpura (TTP), which can manifest
with anemia, jaundice, and red urine due to microangiopathic (intravascular) hemolysis. A low
platelet count and negative Coombs test are also seen in TTP. However, other characteristic features
of TTP, such as fever and impaired renal function, are absent in this patient. Furthermore, patients
with TTP show decreased ADAMTSI13 activity rather than CD55/59-negative erythrocytes. Seizures
are not a typical feature of PNH, which is the most likely diagnosis in this patient.

B - Radiolucent gallstones

Explanation Why

Radiolucency is characteristic of cholesterol gallstones, which are associated with obesity, advanced
age, Crohn disease, and estrogen therapy. Brown pigment gallstones caused by biliary tract infections
also display radiolucency. Patients with hemolytic anemia such as PNH, however, are at an increased
risk of developing calcium bilirubinate gallstones, which are radioopaque, black pigment stones.

C - Acrocyanosis

Explanation Why

Acrocyanosis is a common feature of cold agglutinin disease, not PNH. Autoimmune hemolytic
anemias (AIHA) such as cold agglutinin disease can also manifest with signs of intravascular
hemolysis (e.g., anemia, jaundice, red urine), which are seen in this patient. However, in AIHA, the
Coombs test is positive, reflecting the presence of anti-RBC autoantibodies.
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Explanation Why

Venous thrombosis is the leading cause of mortality in PNH. Thrombosis associated with PNH
occurs in atypical locations, such as hepatic veins (Budd-Chiari syndrome), portal veins, and cerebral
veins (headache, stroke). The mechanism for thrombosis is still largely unknown. Patients with PNH
are also at increased risk of developing aplastic anemia and acute leukemia (especially AML).
Hemolysis in PNH is caused by an acquired genetic defect in the glycosylphosphatidylinositol (GPI)
anchor that attaches CD55 and CD59 proteins to the membrane. CD55 and CD59 protect
erythrocytes from complement-mediated hemolysis. Eculizumab, an anti-C5 antibody, is used to
treat PNH. It targets a key component of complement-mediated hemolysis, reducing intravascular

hemolysis.

E - Hepatocellular carcinoma

Explanation Why

Patients with hepatitis C infection or hereditary hemochromatosis (HH) are at an increased risk for
hepatocellular carcinoma. Liver failure caused by these conditions also manifests with fatigue and
jaundice, which are seen in this patient. While hepatitis C infection may also involve
thrombocytopenia (due to ITP) and red urine (due to mixed cryoglobulinemia or AIHA), the
hemolytic anemia associated with it would result in a positive Coombs test. HH, on the other hand,
can be ruled out in this patient based on the fact that HH does not result in red urine. Also, HH
typically manifests in patients older than 40 years of age with hepatomegaly, skin
hyperpigmentation, arthralgia and/or diabetes mellitus, which are not reported here.

F - Chronic lymphocytic leukemia

Explanation Why

Patients with PNH are at increased risk of developing acute leukemias (especially acute myeloid
leukemia), not chronic leukemias such as CLL. Risk factors for CLL include advanced age (> 50
years) and exposure to Agent Orange.
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Question # 30

An 18-year-old African American woman comes to the physician for the evaluation of worsening
fatigue that started 1 year ago. Physical examination shows mild jaundice and splenomegaly. Laboratory

studies show:

Hemoglobin 10.4 g/dL
Mean corpuscular hemoglobin concentration || 43% Hb/cell
Platelet count 220,000/mm3
Reticulocyte count 7%

A peripheral blood smear shows target cells and erythrocytes with hemoglobin crystals. Which of the
following is the most likely underlying cause of this patient's findings?

beta-globin chain

Answer Image
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Answer

Image

Reduced production of beta-globin due to
a mutation in the HbB gene

Acquired mutation of membrane-bound
glycosylphosphatidylinositol anchor

Inherited defects in spectrin and ankyrin
RBC membrane proteins
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Hint

The patient's symptoms and laboratory findings, including the hemoglobin crystals on peripheral blood
smear, suggest hemolytic anemia caused by hemoglobin C disease.
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Correct Answer

A - Replacement of glutamate by valine in beta-globin chain
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Explanation Why

Sickle cell disease is caused by the replacement of glutamate by valine in the B-globin chain of
hemoglobin, resulting in HbS. This patient's peripheral blood smear does not show sickle cells,

which makes the diagnosis of sickle cell anemia unlikely.

B - Decreased conversion of oxidized glutathione into its reduced form

Explanation Why

In glucose-6-phosphate dehydrogenase deficiency (G6PD deficiency), decreased enzymatic
conversion of oxidized glutathione to its reduced form can cause hemolytic anemia. G6PD
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deficiency is the most common RBC enzyme deficiency and symptoms are triggered by oxidant
stress (e.g., consumption of fava beans, infection, antimalarial medication). However, this patient
does not have a history of recurrent hemolytic crises in response to expected triggers, nor does her
peripheral blood smear show characteristic signs of G6PD deficiency such as Heinz bodies and bite
cells.

Explanation Why

Hemoglobin C disease is a congenital hemoglobinopathy that is characterized by mild hemolytic
anemia (| hemoglobin, reticulocyte count >2%) with red blood cell dehydration (1 MCHC) and is
caused by the replacement of glutamate by lysine in the B-globin chain of hemoglobin. Peripheral
blood smear of homozygotes will classically show hemoglobin crystals in the RBCs (due to less
soluble, precipitated hemoglobin C), as well as numerous target cells. Characteristic symptoms
include signs of hemolytic anemia such as jaundice, splenomegaly, and fatigue.

D - Reduced production of beta-globin due to a mutation in the HbB gene

Explanation Why

Reduced production of B-globin due to a mutation in the B-globin gene is seen in B-thalassemia,
which causes a microcytic, hypochromic anemia. B-thalassemia minor is usually asymptomatic, but
B-thalassemia major typically presents with severe hemolytic anemia. However, the mean
corpuscular hemoglobin concentration (MCHC) would be reduced rather than elevated. Furthermore,
peripheral blood smear would show target cells and teardrop cells (dacrocytes), but hemoglobin
crystals would not be found.

E -

Acquired mutation of membrane-bound glycosylphosphatidylinositol anchor

Explanation Why

Acquired mutation of the membrane-bound glycosylphosphatidylinositol (GPI) anchor is seen in
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paroxysmal nocturnal hemoglobinuria (PNH), in which the protective effect of the GPI anchor is
lost, leading to RBC destruction and hemolysis. However, platelet count is typically reduced in
patients with PNH, which is not seen here.

F - Inherited defects in spectrin and ankyrin RBC membrane proteins

Image
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Explanation Why

Inherited defects in RBC membrane proteins (such as spectrin or ankyrin) are seen in hereditary
spherocytosis, which can also present with signs of hemolytic anemia (e.g., | hemoglobin, 1
reticulocytes, jaundice, splenomegaly, and fatigue). In patients with hereditary spherocytosis,
however, peripheral blood smear characteristically shows spherocytes, making this diagnosis
unlikely in this patient.
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Question # 31

A 48-year-old man comes to the emergency department because of a 1-hour history of heavy nasal
bleeding. He drinks half a bottle of wine daily. His pulse is 112/min and blood pressure is 92/54 mm Hg.
Physical examination shows scattered ecchymoses across the extremities and oozing from a
venipuncture site. Laboratory studies show a prothrombin time of 28 seconds and a partial
thromboplastin time of 36 seconds. Impaired function of which of the following proteins is the most

likely cause of this patient's hemorrhage?

Answer

Image

A || Protein S

B || Tissue plasminogen activator

C || Von Willebrand factor

Adhesion

D || Gamma-glutamyl carboxylase

Uncarboxylated e
precursor factors fa
111 VAL IX, X 11, VI, X, X
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Answer

Image

Prolyl hydroxylase

Factor VIII

Uncarboxylated [ Carboxyiated |

precursor factors factors
111, VL IX, X I, VL 1 X
N Vi

I Intrinsic pathway
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Prothromisir \ = Thrombin Ila Fibrinogen
Fibrin la
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Hint

This patient, who has a history of chronic alcohol use, presents with abnormal bleeding and prolonged
prothrombin time, which suggest a dysfunction within the extrinsic pathway of the coagulation cascade.
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Correct Answer

A - Protein S

Explanation Why

Protein S forms a complex with protein C that inhibits factors VIII and V of the coagulation cascade.
Since protein S is a liver-synthesized, vitamin K-dependent protein, it is likely deficient in this
patient with chronic alcohol use. However, protein S deficiency would cause a hypercoagulable state,
whereas this patient presents with bleeding diathesis.

B - Tissue plasminogen activator

Explanation Why

Tissue plasminogen activator (tPA) catalyzes the conversion of plasminogen to plasmin and thus
promotes fibrinolysis. Consequently, an impaired function of tPA would lead to increased clotting, as
opposed to the bleeding diathesis seen in this patient. Moreover, alcohol consumption is associated
with an increase in tPA activity. Recombinant tPAs (e.g., alteplase) are used to treat patients in acute
thrombotic states, such as massive pulmonary embolism or ischemic stroke.
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C - Von Willebrand factor
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Explanation Why

Von Willebrand Factor (vWF) reinforces the glycoprotein Ib/IX/V bonds between platelets during
aggregation and is critical to platelet adhesion during wound healing. vWF deficiency is a common
bleeding disorder (von Willebrand disease) and typically manifests with only mild bleeding (esp.
mucosal hemorrhages). It is not associated with chronic alcohol use and, unlike this patient's lab
findings, would manifest with a prolonged bleeding time, normal PT, and normal or prolonged PTT.
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Image
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Explanation But

At 3-5 hours, factor VII has the shortest half-life of the procoagulant factors. In addition, the
production of epoxide reductase (VKOR) is affected by impaired hepatic synthesis. VKOR reduces
oxygenated vitamin K, which restores the cofactor activity of factor VII; decreased VKOR,
therefore, exacerbates bleeding disorders.

Explanation Why

Gamma-glutamyl carboxylase activates coagulation factors II, VII, IX, X, protein C, and protein S
(i.e., vitamin K-dependent coagulation factors) via vitamin K-dependent y-glutamyl carboxylation of
their glutamic acid residues in the liver. Chronic alcohol use, as seen in this patient, is associated
with decreased hepatic synthetic function as well as vitamin K deficiency due to poor nutrition. Lack
of vitamin K impairs the function of y-glutamyl carboxylation, resulting in a bleeding disorder that
manifests with prolonged PT, normal or prolonged PTT, and normal bleeding time.
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E - Prolyl hydroxylase

Explanation Why

Prolyl hydroxylase catalyzes the formation of hydroxyproline, which increases heat resistance and

stability of collagen. Reduced prolyl hydroxylase activity is observed in patients with vitamin ¢
deficiency (scurvy), since ascorbate is required for appropriate enzymatic function. Although this
patient is at risk for vitamin C deficiency due to alcohol-related malnutrition, profuse bleeding with
prolongation of PT would not be expected. Instead, scurvy manifests with mucosal and superficial

vascular bleeding due to endothelial compromise.

F - Factor VIII
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Explanation Why

Factor VIII is part of the intrinsic pathway of coagulation and, together with factor IX, activates
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factor X. Isolated dysfunction or deficiency of factor VIII is seen in hemophilia A, which results in a
prolonged PTT and normal PT, unlike the lab findings seen in this patient. In addition, factor VIII
does not undergo gamma-carboxylation and the primary site of production is not in hepatocytes but
in endothelial cells. Therefore, steady production and activation of factor VIII would be expected,
even in cases of advanced cirrhosis.
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Question # 32

A 46-year-old man is admitted to the hospital with a 3-day history of productive cough with purulent
sputum and fever with chills. On the second day of admission, he develops bloody vomiting, altered
mental status, and multiple red spots all over the body. He is oriented only to self. His temperature is
39.3°C (102.7°F), pulse is 110/min, respirations are 26/min, and blood pressure is 86/50 mm Hg.
Physical examination shows ecchymoses on both lower extremities. Crackles are heard at the right lung

base. Laboratory studies show a platelet count of 45,000/mm3, with a prothrombin time of 44 sec and
partial thromboplastin time of 62 sec. D-dimer concentrations are elevated. Which of the following is
the most likely cause of this patient's ecchymoses?

Answer Image

A || Disseminated intravascular coagulation

B || Immune thrombocytopenic purpura

C || Severe hepatic dysfunction

D || Thrombotic thrombocytopenic purpura

E || Hemolytic uremic syndrome
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Hint

After being admitted for possible infective pneumonia, this patient has developed hemorrhagic
manifestations (hematemesis, ecchymoses). The marked thrombocytopenia, prolonged PT and aPTT,
and elevated D-dimer all indicate a pathology that consumes platelets, activates the clotting cascade, and
exhausts all clotting factors as the underlying cause.
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Correct Answer

Explanation Why

Disseminated intravascular coagulation (DIC) can occur after sepsis, a condition that is characterized
by poor general condition, fever, tachycardia, tachypnea, and hypotension following a primary
infection. Given this patient's fever, productive cough, and lung crackles, his sepsis is likely due to
severe community-acquired pneumonia. His low blood pressure and altered mental status should
raise concern for progression to septic shock.

B - Immune thrombocytopenic purpura

Explanation Why

ITP could also cause ecchymoses and thrombocytopenia. However, patients are typically
asymptomatic. An acute form is more common in children and a chronic form is more common in
women of childbearing age. Laboratory evaluation typically only shows thrombocytopenia with no
other abnormalities.

C - Severe hepatic dysfunction

Explanation Why

Severe hepatic dysfunction is associated with altered mental status (secondary to hepatic
encephalopathy) and platelet dysfunction (due to decreased hepatic synthesis of coagulation factors).
The subsequent bleeding can cause ecchymoses, and the condition may also exhibit prolonged PT
and PTT. However, this patient has no other classic signs of hepatic dysfunction, like jaundice,
ascites, or pruritus. Additionally, hepatic failure would not cause this patient's pulmonary symptoms,
tachypnea, or tachycardia.
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D - Thrombotic thrombocytopenic purpura

Explanation Why

TTP could also cause fever, ecchymoses, altered mental status (secondary to acute renal failure), and
thrombocytopenia. However, laboratory evaluation typically shows markedly decreased Hb (< 89 g/
dL) and a normal or only mildly prolonged PT. Additionally, TTP would not cause this patient's
pulmonary symptoms, tachypnea, hypotension, or tachycardia.

E - Hemolytic uremic syndrome

Explanation Why

HUS could also cause thrombocytopenia with bleeding manifestations and elevated D-dimer, which
occurs due to intravascular coagulation. However, it typically occurs after diarrheal illness in
children (usually due to EHEC) and also causes microangiopathic hemolytic anemia. Laboratory
evaluation typically shows markedly decreased Hb (< 89 g/dL) and a normal PT.
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Question # 33

A 28-year-old woman comes to the emergency department because of a 2-day history of dark urine,
increasing abdominal pain, and a tingling sensation in her arms and legs. She has a history of epilepsy.
Her current medication is phenytoin. She is nauseated and confused. Following the administration of
hemin and glucose, her symptoms improve. The beneficial effect of this treatment is most likely due to

inhibition of which of the following enzymes?

Answer

Image

A || Aminolevulinate dehydratase

B || Aminolevulinate acid synthase

C Ferrochelatase

D || Porphobilinogen deaminase
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Answer

Uroporphyrinogen decarboxylase
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Hint

This patient presents with the “five P's” of acute intermittent porphyria: Painful abdomen,
Polyneuropathy, Psychologic disturbances, Precipitated by drugs/alcohol, and Purple pee.
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Correct Answer

Explanation Why

poisoning.

A - Aminolevulinate dehydratase

Aminolevulinate dehydratase catalyzes the conversion of §-aminolevulinic acid to porphobilinogen,
which is the second step in heme synthesis. Inhibition of this enzyme would worsen this patient's
symptoms since it leads to further accumulation of toxic porphyrin intermediates. Moreover,
aminolevulinate dehydratase cannot be inhibited by hemin or glucose but is impaired in case of lead
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Explanation Why

Aminolevulinate acid (ALA) synthase catalyzes the conversion of glycine and succinyl-CoA to d-
aminolevulinic acid (6-ALA), the first and rate-limiting step in heme synthesis. Acute intermittent
porphyria is caused by a defect in the downstream enzyme porphobilinogen deaminase, which results
in accumulation of toxic porphyrin metabolites (i.e., 3-ALA and porphobilinogen) and causes the
symptoms seen in this patient. Hence, the mainstay treatment consists of reduction of those
metabolites via inhibition of the upstream enzyme ALA synthase by glucose and/or hemin.

C - Ferrochelatase

Explanation Why

Ferrochelatase catalyzes the conversion of protoporphyrin and Fe2' to heme, which constitutes the
final step in heme synthesis. Inhibition of this enzyme would worsen this patient's symptoms since it
leads to further accumulation of toxic porphyrin intermediates. Moreover, ferrochelatase cannot be
inhibited by hemin or glucose but is impaired in case of lead poisoning.

D - Porphobilinogen deaminase

Explanation Why

Porphobilinogen deaminase (PBG-D) catalyzes the conversion of porphobilinogen to
hydroxymethylbilane. A defect in this enzyme is the underlying cause of acute intermittent porphyria
and may lead to accumulation of toxic porphyrin metabolites (i.e., 0-ALA and porphobilinogen) that
are responsible for the characteristic findings observed in this patient. Hemin and glucose cannot
inhibit this enzyme, and suppressing remaining PBG-D enzyme activity would likely worsen this
patient's symptoms anyway.
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E - Uroporphyrinogen decarboxylase

Image

Explanation Why

Uroporphyrinogen decarboxylase catalyzes the conversion of uroporphyrinogen III to
coproporphyrinogen III. A defect in this enzyme leads to accumulation of uroporphyrinogen III in
the skin with subsequent phototoxicity, the hallmark finding of porphyria cutanea tarda. This disease
typically occurs in older men with hepatic disease and presents with blistering and
hyperpigmentation. Acute intermittent porphyria, however, affects multiple organ systems as seen in
this patient, but spares the skin. The mainstay of treatment of porphyria cutanea tarda is avoidance of
sunlight and hydroxychloroquine.
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Question # 34

An investigator is conducting a study on hematological factors that affect the affinity of hemoglobin for
oxygen. An illustration of two graphs (A and B) that represent the affinity of hemoglobin for oxygen is
shown. Which of the following best explains a shift from A to B?
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Answer

Image

Decreased serum 2,3-bisphosphoglycerate
concentration

Increased serum pH

Increased hemoglobin y-chain synthesis
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Answer Image

Mean O affinity

B A
= > Decreased O: affinity
%0 O (shift to the right)
£ N oCO:
80+ T Body temperature
704 T H {pH
phosphoglyceric
60
Increased O affinity
Increased body temperature 3 Po it thelct
L H (TpH)
glyceric
10
v T T t T T — t pO:z [mm Hg]
0 10 20 30 40 50 &0 70 80 0

Decreased serum pCO2

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Hint

Right shift of the oxygen-hemoglobin dissociation curve represents a decreased affinity of hemoglobin
for oxygen.
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Correct Answer

A - Decreased serum 2,3-bisphosphoglycerate concentration

Explanation Why

2,3-bisphosphoglycerate (2.3-BPG) binds to deoxyhemoglobin, reducing its affinity for oxygen,
thereby increasing the available oxygen in tissues. Therefore, a decreased 2.3-BPG concentration
would cause a left shift in the oxygen-hemoglobin dissociation curve and decrease the amount of
oxygen available to tissues for consumption.

B - Increased serum pH

Explanation Why

Hydrogen ions bind to hemoglobin, reducing its affinity for oxygen. An increase in pH (alkalosis) is
associated with fewer hydrogen ions and increased oxygen affinity. Therefore, an increased pH
would cause a left shift in the oxygen-hemoglobin dissociation curve and decrease the amount of
oxygen available to tissues for consumption.

C - Increased hemoglobin y-chain synthesis

Explanation Why

Two hemoglobin gamma chains together with two hemoglobin alpha chains, constitute one fetal
hemoglobin (HbF) protein. HbF has a higher affinity for oxygen than adult hemoglobin. Thus, HbF
binds oxygen more tightly in the setting of lower partial pressures of oxygen. Therefore, an increased
proportion of HbF secondary to increased synthesis of hemoglobin y-chains would cause a left shift
in the oxygen-hemoglobin dissociation curve and decrease the amount of oxygen available to tissues
for consumption.

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Image
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Explanation Why

Increased body temperature, e.g., from fever or exercise, would explain the right shift in the oxygen-
hemoglobin dissociation curve. Increased temperature weakens the bond between oxygen and
hemoglobin and increases the amount of oxygen available to tissues for consumption. Other factors
that shift the oxygen-hemoglobin dissociation curve to the right include increased pCO2, decreased
pH, increased 2.3-BPG, exercise, and altitude.

E - Decreased serum pCO2

Explanation Why

Decreased pCO2 causes increased binding of oxygen to hemoglobin (while leaving PO2 unchanged).
This leads to a reduction of oxygen dissociation in tissues. Therefore, decreased pCO2 would cause a
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left shift in the oxygen-hemoglobin dissociation curve and decrease the amount of oxygen available
to tissues for consumption.

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Question # 35

A 55-year-old man comes to the physician because of worsening fatigue and recurrent bleeding from his
gums for 2 weeks. Physical examination shows marked pallor. There are scattered red, nonblanching
pinpoints spots on his trunk and extremities. Laboratory studies show a hemoglobin of 8.0 g/dL, a

leukocyte count of 80,000/mm3 , and a platelet count of 104,000/mm3 . Genetic analysis of a bone
marrow aspirate shows leukemic cells with a balanced translocation between the long arms of
chromosome 15 and 17. These cells are most likely to stain positive for which of the following?

Answer Image

A || Myeloperoxidase
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Answer Image
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Hint

A peripheral blood will likely show Auer rods in this patient's circulating myeloid cells, which are
particularly associated with acute promyelocytic leukemia, a form of acute myeloid leukemia (AML).
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Correct Answer

Image

Explanation Why

The presence of myeloperoxidase (MPO) in leukemic cells of a bone marrow aspirate confirms that
the cells are of myeloid lineage, and thus differentiates acute myeloid leukemia (AML) from
MPO-negative acute lymphoblastic leukemia (ALL). This patient's age, clinical presentation, lab
values, and t(15;17) translocation indicate AML, which is why the cells of his bone marrow aspirate
will likely stain positive for MPO. Another characteristic feature of AML is Auer rods, which are
particularly associated with acute promyelocytic leukemia. Acute promyelocytic leukemia can be
treated with vitamin A derivates such as ATRA (all-trans-retinoic acid).
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B - Tartrate resistant acid phosphatase

Image

Explanation Why

Expression of tartrate-resistant acid phosphatase (TRAP) is increased in lymphocytes of patients with
hairy cell leukemia. This type of non-Hodgkin lymphoma presents with symptomatic anemia and
thrombocytopenia as seen in this patient. However, affected individuals usually develop massive
splenomegaly as well as leukopenia. Moreover, t(15;17) translocation is not associated with hairy
cell leukemia, which is instead characterized by the eponymous hairy cells in peripheral blood smear.

C - Periodic acid-Schiff

Explanation Why

Periodic acid-Schiff (PAS) staining identifies polysaccharides, which can be helpful for diagnosing
many diseases, including glycogen storage diseases and Whipple disease. Moreover, erythroid
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precursor cells in acute lymphocytic leukemia (ALL) can stain positive for PAS. While some of this
patient's findings could be attributed to ALL, his age, t(15;17) translocation, and absence of
lymphadenopathy is more indicative of AML.

D - Cluster of differentiation 1a

Explanation Why

Cluster of differentiation la is a protein expressed by Langerhans cells that mediates the presentation
of antigens to T cells. Unregulated proliferation of Langerhans cells leads to Langerhans cell
histiocytosis, which typically manifests in childhood with lytic bone lesions (most commonly in the
skull), skin rash, fever, hepatosplenomegaly, and lymphadenopathy. It is not associated with this
patient's t(15;17) translocation.

E - Terminal deoxynucleotidyl transferase

Image

.C}
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Explanation Why

Terminal deoxynucleotidyl transferase (TdT) is a marker for immature lymphocytes because its gene
is exclusively transcribed by lymphoblasts during their early phases of maturation. The presence of
TdT in leukemic cells of a bone marrow aspirate confirms that the cells are of lymphoid lineage and
thus differentiates acute lymphoblastic leukemia (ALL) from AML. While some of this patient's
findings could also be attributed to ALL, his age, t(15;17) translocation, and absence of
lymphadenopathy is more indicative of AML.
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Question # 36

A 52-year-old man comes to the physician because of a 1-month history of fatigue and blurry vision.
Pulse oximetry on room air shows an oxygen saturation of 99%. Laboratory studies show a hemoglobin

concentration of 17.5 g/dL, mean corpuscular volume of 88 umS, red cell volume of 51.6 mL/kg, and
plasma volume of 38 mL/kg. Serum erythropoietin concentration is elevated. Which of the following is

the most likely explanation for these findings?

Answer

Image

A || Polycythemia vera

B || Chronic obstructive pulmonary disease

C Excessive diuretic use

D || Chronic myelogenous leukemia

E || Hepatocellular carcinoma
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Hint

An increased RBC mass and erythropoietin level in the presence of normal oxygen saturation suggest
inappropriate absolute polycythemia.
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Correct Answer

A - Polycythemia vera

Explanation Why

Polycythemia vera (PV) is caused by a mutation in the J4K2 gene that leads to uncontrolled,
EPO-independent proliferation of the myeloid cell lines, resulting in increased RBC mass.
Individuals with PV usually have normal arterial O2 saturation (Sa02) and a slightly increased or
normal plasma volume. The increased RBC mass suppresses secretion of EPO by the kidneys,
causing EPO levels to decrease, not increase.

B - Chronic obstructive pulmonary disease

Explanation Why

Chronic obstructive pulmonary disease (COPD) involves impaired alveolar gas exchange secondary
to destruction of the alveolar walls (emphysema), which causes hypoxia with a decreased arterial
oxygen saturation (Sa0O2). Hypoxia leads to increased erythropoietin (EPO) secretion from the
kidneys. Increased EPO levels stimulate erythropoiesis, which results in an appropriate
(physiological) increase in RBC mass (appropriate absolute polycythemia), while plasma volume
remains unchanged. This patient's normal SaO2 is not consistent with appropriate absolute

polycythemia.

C - Excessive diuretic use

Explanation Why

Excessive diuretic use can lead to severe dehydration and a decrease in plasma volume while regular
erythropoietin (EPO) levels and arterial oxygen saturation are maintained. The loss of plasma
volume can lead to a relative increase in RBC mass, i.e., relative polycythemia. This patient's normal
plasma volume and increased EPO levels are not consistent with relative polycythemia.
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D - Chronic myelogenous leukemia

Explanation Why

Chronic myelogenous leukemia (CML) results in the excessive proliferation of the myeloid blood
cell line, particularly granulocytes. Patients in the accelerated phase of CML most commonly present
with erythrocytopenia and anemia, which is due to suppression of erythropoiesis by uncontrolled
proliferation of the myeloid lineage. Increased RBC mass and EPO levels would not be expected in a
patient with CML.

Explanation Why

Increased erythropoietin (EPO) levels and RBC mass (red cell volume) with a normal plasma volume
and arterial oxygen saturation (SaO2) are consistent with secondary polycythemia due to autonomous
production of EPO or exogenous EPO intake (e.g., EPO doping). Increased EPO levels induce
erythropoiesis, causing an increase in RBC mass (inappropriate absolute polycythemia) without
affecting SaO2 or plasma volume. Hepatocellular carcinoma is a known cause of autonomous EPO
production. Other causes of inappropriate absolute polycythemia include renal cell carcinoma,
polycystic kidney disease, pheochromocytoma, and hemangioblastoma.
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Question # 37

A 63-year-old man comes to the physician because of an 8-month history of progressively worsening
fatigue and shortness of breath on exertion. During this time, he has noticed blood in his stool on
5 separate occasions. Physical examination shows pale conjunctivae. His hemoglobin concentration is

8.9 g/dL and mean corpuscular volume is 65 um3 . Further analysis of this patient's arterial blood is most
likely to show which of the following sets of findings?

% Q2 saturation || Oz partial pressure || O2 content || O2-Hb dissociation curve
A || Normal normal normal normal
B || Decreased normal decreased left-shift
C || Normal normal increased normal
D || Normal normal decreased normal
E || Decreased decreased decreased right-shift
Answer Image
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Answer

Image

HbO: [%]
100+
90

804

70+

[o

O

Mean O: affinity
Decreased O affinity
(shift to the right)
et)

T Body temperature
T H {lpH)

nosphoglyceric

ed O; affinity
ift to the left)

= pO: [mm He]

100

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Hint

This patient has chronic blood loss that has resulted in iron deficiency anemia, which can manifest with
fatigue, pale conjunctivae, and microcytic anemia (decreased hemoglobin concentration and mean
corpuscular volume).
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Correct Answer

A-A

Image
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Explanation Why

Fatigue and shortness of breath in a patient with these normal arterial blood findings could be caused
by acute cyanide poisoning, which impairs the mitochondrial enzyme cytochrome ¢ oxidase and
causes histotoxic hypoxia. Cyanide poisoning has no effect on O2 content or PaO2. Because the
affinity of hemoglobin for oxygen also remains unchanged, SaO2 and the O2-Hb dissociation curve
are unaffected. However, this patient's symptoms have been present for 8§ months and are unlikely to
be caused by cyanide poisoning. In addition, he lacks classical manifestations of this condition such
as almond-scented breath and bright red skin tone. Moreover, this set of findings is not consistent
with this patient's anemia.
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Explanation Why

These findings could be caused by acute carbon monoxide (CO) poisoning or methemoglobinemia,
both of which cause fatigue and shortness of breath. Both carboxyhemoglobin and methemoglobin
cause a left shift of the O2-Hb dissociation curve because they increase the affinity of the remaining
oxyhemoglobin for oxygen. As a result, the oxygen-carrying capacity of the blood is reduced, which
decreases both O saturation and O2 content. PaO7, which reflects the concentration of dissolved
oxygen in arterial blood, remains normal. However, this patient has no history of exposure to carbon
monoxide (e.g., domestic fire) or substances that could induce methemoglobinemia (e.g., nitrates).
Moreover, this set of findings is not consistent with this patient's anemia.

C-C

Explanation Why

These findings could be caused by polycythemia vera (PV). PV causes an overall increase in
erythrocyte count and hemoglobin concentration, which results in an increase in O2 content. PaO2,
which reflects the concentration of dissolved oxygen in arterial blood, remains normal. In addition,
because the affinity of hemoglobin for oxygen remains unchanged, O2 saturation and the O2-Hb
dissociation curve are unaffected. Although PV is associated with fatigue, this patient lacks classical
manifestations of this condition such as facial flushing and pruritus. Moreover, this set of findings is
not consistent with this patient's anemia.
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Image
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Explanation Why

Chronic blood loss (e.g., from gastrointestinal bleeding in this case) reduces serum concentrations of
hemoglobin, as seen in this patient's arterial blood findings. O2 content in the blood is affected by
hemoglobin concentration, PaO2, and SaO7 and will, therefore, be decreased in this case. PaO2 and
Sa0O7 depend on the inhaled oxygen concentration, atmospheric pressure, and gas exchange in the
lungs, none of which is affected by anemia. In addition, SaO2 depends on the affinity of hemoglobin
for oxygen, which is affected by a number of factors, including body temperature, PaCO2, serum pH,
2.3-BPG concentration,; it is not affected by hemoglobin concentration. SaO2 and the O2-Hb
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dissociation curve will therefore be normal for this patient.
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Explanation Why

These findings could be caused by exposure to a high-altitude environment. At high altitude, the
atmospheric partial pressure of oxygen decreases, which results in decreased PaO2 and O2 content.
As a physiologic response to tissue hypoxia, serum 2.3-BPG concentration increases, which
decreases the affinity of hemoglobin for oxygen and shifts the O2-Hb dissociation curve to the right.
This effect promotes the unloading of oxygen in peripheral tissues, which results in decreased SaO2.
However, this patient has no history of exposure to a high-altitude environment. Moreover, this set of
findings is not consistent with this patient's anemia.

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Question # 38

A 35-year-old woman comes to the physician because of a 1-day history of swelling and pain in the left
leg. Two days ago, she returned from a business trip on a long-distance flight. She has alcohol use
disorder. Physical examination shows a tender, swollen, and warm left calf. Serum studies show an
increased homocysteine concentration and a methylmalonic acid concentration within the reference
range. Further evaluation of this patient is most likely to show which of the following serum findings?

Answer

Image

A || Increased pyridoxine concentration

B || Increased fibrinogen concentration

C || Decreased cobalamin concentration

D || Decreased protein C concentration

E Decreased folate concentration
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Hint

This patient has a deep vein thrombosis, which typically manifests with pain, swelling, and warmth of
the leg. Risk factors for this condition include a history of prolonged immobilization (e.g., long-distance
flights) and coagulopathies (e.g., from hyperhomocysteinemia).
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Correct Answer

A - Increased pyridoxine concentration

Explanation Why

Increased pyridoxine (vitamin Bg) serum concentrations are rarely seen because this water-soluble
vitamin is readily cleared from the body. Manifestations of pyridoxine toxicity include peripheral
neuropathy, rash, and photosensitivity, none of which is seen in this patient. In fact, pyridoxine
deficiency (e.g., due to chronic alcoholism), not toxicity, is associated with deep vein thrombosis due
to impairment of conversion of homocysteine to cystathionine, which is dependent on vitamin Be.
Accumulation of homocysteine results in a hypercoagulable state, which increases the risk of
thromboembolic events.

B - Increased fibrinogen concentration

Explanation Why

Fibrinogen is a coagulation factor that is converted by thrombin into fibrin, which is then used to
stabilize platelet aggregates. Thromboembolic events (e.g., deep vein thrombosis) involve the
activation of the coagulation cascade and subsequent consumption of fibrinogen; this patient is
therefore likely to have a decreased serum fibrinogen concentration.

C - Decreased cobalamin concentration

Explanation Why

Cobalamin (vitamin B12) serves as a coenzyme for the conversion of homocysteine to methionine.
Cobalamin deficiency therefore results in the accumulation of homocysteine. Hyperhomocysteinemia
leads to hypercoagulability and is associated with thromboembolic events such as deep vein
thrombosis. This patient's alcoholism puts her at risk of cobalamin deficiency due to malnutrition,
however, since cobalamin is also required to convert methylmalonyl-CoA to succinyl-CoA,
increased methylmalonic acid serum concentrations would be expected. Moreover, this patient lacks
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the neuropsychiatric symptoms associated with cobalamin deficiency (e.g., ataxia, neuropathy,
cognitive decline).

D - Decreased protein C concentration

Explanation Why

Protein C inhibits the coagulation cascade by inactivating factor Va and factor VIIIa. Thus, decreased
serum protein C concentration (e.g., due to inherited protein C deficiency or vitamin K antagonist
therapy) increases the risk of thromboembolic events such as deep vein thrombosis and can result in
warfarin-induced skin and soft tissue necrosis. However, protein C deficiency is not associated with
an increased serum homocysteine concentration.

Explanation But

In addition to malnutrition, folate deficiency can also be caused by malabsorptive conditions (e.g.,
celiac disease, inflammatory bowel disease), increased vitamin requirements (e.g., due to pregnancy),
and certain drugs (e.g., methotrexate, phenytoin, trimethoprim).

Explanation Why

Folate serves as a coenzyme in several biochemical reactions, including the conversion of
homocysteine to methionine. Since this reaction is also vitamin Bj2-dependent, a deficiency of either
vitamin (e.g., from malnutrition due to alcoholism) results in the accumulation of homocysteine.
Hyperhomocysteinemia leads to hypercoagulability and is therefore associated with thromboembolic
events such as deep vein thrombosis. The underlying mechanisms include decreased endothelial
antithrombotic activity and activation of procoagulatory factors (e.g., factor V, factor VII). A normal
serum methylmalonic acid concentration, as seen here, indicates folate deficiency rather than vitamin

B2 deficiency.
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Question # 39

A 34-year-old man comes to the physician because of blurry vision and fatigue for 2 months. During this
period, he has also had occasional bleeding from his gums after brushing his teeth. One month ago, he
was diagnosed with deep vein thrombosis after returning from an overseas business meeting. His pulse
is 118/min, respirations are 19/min, and blood pressure is 149/91 mm Hg. Pulse oximetry on room air
shows an oxygen saturation of 97%. Examination shows bluish discoloration of the lips. The tip of the

spleen is palpable 1 cm below the left costal margin. Sensory examination of the hands shows

paresthesia. Hemoglobin concentration is 18 g/dL, hematocrit is 65%, leukocytes are 15,000/uL, and
platelets are 470,000/uL. His serum erythropoietin concentration is decreased. Activation of which of

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

Answer

Image

A || Receptor tyrosine kinase

B || Cytokine receptor

C || Transcription factor

D || Antiapoptotic molecule

E || Nonreceptor tyrosine kinase

F Serine/threonine kinase
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Hint

Pancytosis (erythrocytosis, thrombocytosis, and leukocytosis) in combination with decreased
erythropoietin (EPO) concentration raises suspicion for polycythemia vera.
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Correct Answer

A - Receptor tyrosine kinase

Explanation Why

Activation of receptor tyrosine kinases (RTKs) due to a gain-of-function mutation can lead to the
development of several types of cancers. Examples of proto-oncogenes encoding for RTKs include
HER2/neu (associated with breast and gastric carcinomas), RET (associated with MEN 2A, MEN 2B,
and papillary thyroid carcinoma), and ALK gene (associated with lung adenocarcinoma). However,
the mutated gene responsible for polycythemia vera does not encode for a receptor tyrosine kinase.

B - Cytokine receptor

Explanation Why

Activation of a cytokine receptor due to a gain-of-function mutation in the proto-oncogene c-KIT is
associated with the development of several types of cancers, including gastrointestinal stromal
tumors, acute myeloid leukemia, and melanomas. However, the mutated gene responsible for
polycythemia vera does not encode for a cytokine receptor.

C - Transcription factor

Explanation Why

Activation of transcription factors due to a gain-of-function mutation can lead to the development of
several types of cancers. Examples of proto-oncogenes encoding for transcription factors include ¢-
myc (associated with Burkitt lymphoma), MYCLI (associated with lung tumor), and N-myc
(associated with neuroblastoma). However, the mutated gene responsible for polycythemia vera does
not encode for a transcription factor.
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D - Antiapoptotic molecule

Explanation Why

Activation of an antiapoptotic molecule due to a gain-of-function mutation in the proto-oncogene
BCL-2 is associated with the development of follicular lymphoma and diffuse large B cell
lymphoma. However, the mutated gene responsible for polycythemia vera does not encode for an
antiapoptotic molecule.

Explanation But

Another oncogenic nonreceptor tyrosine kinase is BCR-ABL (associated with CML and ALL).

Explanation Why

A vast majority of patients with polycythemia vera (PV) have a gain-of-function (activating)
mutation in the JAK2 gene, which encodes for the oncogenic nonreceptor tyrosine kinase JAK2. This

JAK2"67F mutation causes an EPO-independent proliferation of the myeloid cell lines that leads to
pancytosis. Associated symptoms include hyperviscosity syndrome (mucosal bleeding, neurological
symptoms, and visual changes), thrombotic events (e.g, deep vein thrombosis), cyanotic lips,

hypertension, and splenomegaly, all of which are seen in this patient. Renal EPO production is
V6i17F
K2

suppressed in PV due to negative feedback mechanisms. The JA4 mutation can also be found
in over 50 % of patients with essential thrombocythemia or primary myelofibrosis.

F - Serine/threonine Kinase

Explanation Why

Activation of a serine/threonine kinase (STK) due to a gain-of-function mutation in the proto-
oncogene BRAF is associated with the development of several types of cancer including melanoma,
non-Hodgkin lymphoma, papillary thyroid carcinoma, and hairy cell leukemia. However, the
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mutated gene responsible for polycythemia vera does not encode for a STK.
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Question # 40

A 78-year-old man and his 17-year-old grandson are brought to the emergency department 40 minutes
after being involved in a high-speed motor vehicle collision. A focused assessment with sonography of
both patients is concerning for multiple organ lacerations and internal bleedings. Pretransfusion testing
shows O negative blood type in both patients. Five minutes after transfusion with packed red blood cells
is started, the grandson develops dyspnea, chills, fever, tachycardia, flank pain, and hemoglobinuria. The
grandfather, who received packed red blood cells from the same donor, does not have an adverse
reaction. Which of the following is most likely to explain the different reactions seen in these two

patients?

Answer

Image

A || Absence of preformed IgM antibodies in the grandfather

B || Presence of activated neutrophils in the grandson

C || Absence of circulating immune complexes in the grandfather

D || Presence of preformed IgE antibodies in the grandson

E || Presence of preformed anti-Rh IgG antibodies in the grandson

F || Absence of pre-sensitized cytotoxic T lymphocytes in the grandfather
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Hint

The grandson's acute onset of dyspnea, chills, fever, tachycardia, flank pain, and hemoglobinuria
5 minutes after starting a blood transfusion indicates an acute hemolytic transfusion reaction, which is a
type II hypersensitivity reaction.
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Correct Answer

Explanation Why

In type II hypersensitivity reactions (e.g., ABO incompatibility), preformed IgM antibodies cause
activation of the complement system (C5-C9), which results in intravascular hemolysis and an acute
hemolytic transfusion reaction, as seen in the grandson. The grandfather did not have this reaction
despite having the same blood type and receiving the same donor blood because IgM ABO antibody
synthesis declines with age. The natural decrease in preformed IgM antibodies in elderly individuals
explains why the grandson developed an acute hemolytic transfusion reaction but the grandfather did
not.

B - Presence of activated neutrophils in the grandson

Explanation Why

The presence of activated neutrophils is seen in transfusion-related acute lung injury (TRALI), which
commonly manifests with sudden-onset dyspnea and fever, as seen in the grandson. However,
TRALI would not explain the grandson's flank pain and hemoglobinuria. Moreover, while TRALI
has a sudden onset and can occur during or within six hours of transfusion, it is less likely to occur
within the first 5 minutes after transfusion is started.

C - Absence of circulating immune complexes in the grandfather

Explanation Why

Circulating immune complexes are involved in type III hypersensitivity reactions, which occur when
antigen-antibody complexes deposit in the tissue, initiating the complement cascade and resulting in
inflammation. Symptoms typically manifest one to two weeks after exposure, and affected
individuals commonly present with fevers, urticaria, and arthralgias. The grandson had an acute
hemolytic transfusion reaction, which is not caused by circulating immune complexes.
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D - Presence of preformed IgE antibodies in the grandson

Explanation Why

Preformed IgE antibodies are involved in type I hypersensitivity reactions (i.e, allergic reactions),
which manifest with sudden-onset dyspnea, as seen in the grandson. However, type I hypersensitivity
reactions also cause urticaria, hypotension, and swelling, none of which are seen here. Moreover, an
allergic reaction to blood does not explain the grandson's fevers, chills, flank pain, or
hemoglobinuria.

E - Presence of preformed anti-Rh IgG antibodies in the grandson

Explanation Why

The presence of preformed anti-Rh IgG antibodies can be seen in delayed hemolytic transfusion
reactions, which are most commonly clinically silent, but patients may develop mild fever and
jaundice (due to hyperbiliribinemia). However, delayed hemolytic reactions are not associated with
dyspnea, chills, tachycardia, or flank pain. In addition, because delayed hemolytic transfusion
reactions cause extravascular hemolysis, hemoglobinuria (a feature of intravascular hemolysis)
would not be expected. Moreover, symptom onset occurs several days or weeks after a transfusion
and is associated with jaundice, whereas the grandson's symptoms manifested within the first 5
minutes after transfusion, and he does not have jaundice.

F - Absence of pre-sensitized cytotoxic T lymphocytes in the grandfather

Explanation Why

Pre-sensitized cytotoxic T lymphocytes are involved in type IV hypersensitivity reactions. Symptoms
typically manifest at least 48 to 72 hours following exposure and reactions are commonly seen on the
skin (e.g., vesicles, maculopapular rash, bullae). However, the grandson had an acute hemolytic
transfusion reaction within 5 minutes of starting the transfusion and did not show any skin findings;
acute hemolytic transfusion reactions are not caused by cytotoxic T lymphocytes.
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Question # 1

An investigator is conducting a phase 1 trial for a novel epoxide reductase inhibitor with favorable
pharmacokinetic properties for cerebrovascular accident prophylaxis. Two days after the trial starts, a
subject begins to notice pain and erythema over the right thigh. It rapidly progresses to a purpuric rash
with the development of necrotic bullae over the next 24 hours. Laboratory studies show a partial
thromboplastin time of 29 seconds, prothrombin time of 28 seconds, and INR of 2.15. Which of the
following best describes the pathogenesis of the disease process in the patient?

Answer

Image

A || Decreased platelet count

B || Increased factor VII activity

C || Increased factor VIII activity

D || Decreased plasmin activity

E || Decreased antithrombin III activity
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Hint

The pharmacodynamic properties of this drug are most similar to warfarin.
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Correct Answer

A - Decreased platelet count

Explanation Why

The anticoagulant heparin is associated with immune-mediated platelet destruction, which can
manifest as purpura (heparin-induced thrombocytopenia). However, necrosis and bullae would not be
expected in HIT and the administration of heparin would have increased PTT in this patient. Epoxide
reductase inhibitors are not known to decrease platelet count.

B - Increased factor VII activity

Explanation Why

Factor VII has the shortest half-life of all procoagulant factors and plays an important role in the
extrinsic pathway cascade. Factor VII is one of the six known factors dependent on epoxide
reductase-mediated vitamin K activation (factors II, VII, IX, X, protein C, and protein S). Thus,
inhibition of epoxide reductase, as in this patient, would decrease, not increase, factor VII activity.
The reduction of factor VII activity is reflected in this patient's elevated INR.
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Image

Explanation Why

Epoxide reductase results in the formation of reduced vitamin K, which is essential for activation of
both procoagulant factors II, VII, IX, X as well as the anticoagulants protein C and protein S. Of
these vitamin K-dependent factors, factors Ila and Xa have long half-lives. Protein C and factor Vlla,
on the other hand, have the shortest half-lives and are thus the first components to be depleted
following epoxide reductase inhibition. Despite an early increase in PT and INR caused by decreased
Vlla (extrinsic pathway factor), the patient is intially in a hypercoagulable state because decreased
active protein C levels cause increased activity of VIlla (intrinsic pathway factor) and Va (common
pathway factor). This hypercoagulable state can result in intravascular microthrombosis, which can
cut off blood supply to the skin and cause necrosis, as seen in this patient.
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D - Decreased plasmin activity

Explanation Why

Plasmin degrades formed fibrin clots and cleaves initially procoagulant factors (fibrinolysis).
Decreased plasmin activity is seen in congenital plasmin deficiencies or from the effects of anti-
fibrinolytic medications (e.g., aminocaproic acid, tranexamic acid). Clinically, decreased plasmin
activity would result in increased thrombosis, which could explain the skin findings seen in this
patient. However, plasmin activity and synthesis do not depend on epoxide reductase-mediated
vitamin K activation.

E - Decreased antithrombin IIT activity

Explanation Why

A decrease in antithrombin III activity (e.g., hereditary antithrombin deficiency, nephrotic syndrome)
would result in a hypercoagulable state often leading to microvascular thrombosis, which could
explain the skin findings seen in this patient. However, epoxide reductase inhibitors do not decrease
antithrombin III activity. Furthermore, antithrombin III deficiency has no direct effect on INR and
prothrombin time.
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Question # 2

A 32-year-old man comes to the emergency department because of a wound in his foot. Four days ago,
he stepped on a nail while barefoot at the beach. Examination of the plantar surface of his right foot
shows a purulent puncture wound at the base of his second toe with erythema and tenderness of the
surrounding skin. The afferent lymphatic vessels from the site of the lesion drain directly into which of
the following groups of regional lymph nodes?

Answer

Image

A || Deep inguinal

B || Superficial inguinal

Cervical lymph nodes

Axillary lymph nodes

Drained areas

Associated conditions

Upper respiration tract infection

Infectiou:

f head neck and

Superficial inguinal lymph nodes

Drained areas

Associated conditions

// Popliteal lymph nodes

C External iliac

D || Popliteal

Cervical lymph

fodes

Asdllary lymph nodes

Drained areas

Associated conditions

Upperr:

Superficial ingui

inal lymph nodes

Drained areas

Associated conditions

STDs
Pelvic mal

// Popliteal lymph nodes
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Answer

Image

Internal iliac

Paratracheal, mediastinal, hilar lymph nodes

Drained areas Associa

conditions

Lung carcinoma
Esophageal carcinoma
Hodgkin bmphoma
Metastasis

pulmonary diseases

Para-aortic lymph nodes

Drained areas

sted conditions

Testicular cancer
Metastasis

eliac, superior mesenteric,
inferior mesenteric lymph nodes

Drained areas Asso

ed conditions

- Celiac disease
Ulcerative colitis
Mesenteric

Colon cancer
Focal infections

External iliac lymph nodes

Drained areas

Associated conditions

itted

Metastasis

Internal iliac lymph nodes

Drained areas

Associated conditions

Sexually transmitted
infections

Cervical cancer
8

Prostate cancer

ladder cance

Anterior tibial
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Hint

An infection on the anteromedial thigh would also drain into this group of lymph nodes.
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Correct Answer

A - Deep inguinal

Explanation Why

The deep inguinal lymph nodes receive lymph directly from the glans penis or clitoris and collect
lymph from the superficial inguinal and popliteal lymph nodes. Lymph from the plantar aspect of the
foot will eventually drain into the deep inguinal nodes but it would not drain directly into these
nodes.

Image

Crained by right / B
lymphatic duct | — —

Cervical lymph nodes b Axillary lymph nodes

Drained areas | Associated conditions Drained areas | Associated conditions

Upper respiration tract infection
Infectious monenucleosis

Superficial ingu

inal lymph nodes

Drained areas

Associated conditions

5TDs

Pelvic malignancy

Infections of lower extremity
Melanoma of lower extremity
Medial fool and leg cellulitis

Explanation Why

The superficial inguinal lymph nodes directly drain lymph from the skin below the umbilicus,

Infections of the
upper extremities

{ Kawasaki disease [tvgetasitasis ,
1 2 reast cancer
! Malignancy of head neck and i

aropharynx Masttis

Popliteal lymph nodes

Drained areas

Associated conditions

Infections of the
leg or foot

Melanoma of
lower extremity
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including the lower back, perianal region, and most of the lower extremity with the exception of the
posterior calf and the dorsolateral foot, which drain into the popliteal lymph nodes. An infection in
the medial and plantar region of the foot, as seen in this patient, can result in lymphadenopathy of the

superficial inguinal nodes. Lymph from the superficial inguinal nodes would drain into the deep

inguinal nodes, which, in turn,

drain into the external iliac nodes.

C - External iliac

Explanation Why

The external iliac lymph nodes receive lymph directly from the body of the uterus, the fundus of the
bladder, and the deep inguinal nodes. Lymph from the plantar aspect of the foot will eventually drain

into the external iliac nodes but it would not drain directly into these nodes.

D - Popliteal

Image

Cervical lymph nodes

% \. Axillary lymph nodes

Crained areas | Associated conditions

Upper respiration tract infection
Infectious monenucleosis
Kawasaki disease

Malignancy of head neck and
aropharynx

Drained areas Associated conditions

Metastasis
(bre: er)

Mastitis

Superficial inguinal lymph nodes

Drained areas | Associated conditions

STDs

Pelvic malignancy

Infections of lower extremity
Melanoma of lower extremity
Medial foot and leg cellulitis

// Popliteal lymph nodes
Drained areas Associated conditions
nfections of the
leg or foot

Metanoma of
lower extremity
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Explanation Why

The popliteal lymph nodes receive lymph from the skin over the dorsolateral side of the foot and the
posterior calf as well as from deep regions of the leg adjacent to the anterior and posterior tibial
vessels. They do not typically receive lymph from the skin over the plantar aspect of the foot.

E - Internal iliac

Image
'."-Ir a Para-aortic lymph nodes
Drained areas Associated conditions

Paratracheal, mediastinal, hilar lymph nodes ) Fndometrial cancer

| i, = Owarian cancer
YA : !
Drained areas Associated condibons Testicular cancer

Metastasis

Lung carcinoma
Esophageal c
Hedgkin lymphoma
Metas
Granuloma
pulmonary diseases

arcinoma

External iliac lymph nodes

Drained areas Associated conditions

sexually transmitted

¥ 2 : infections
Celiac, superior mesenteric, ST
inferior mesenteric lymph nodes 1 Metastasis
Drained areas Associated conditions
Sy Celiac disease Internal iliac lymph nodes
| Ulcerative coliti = [ paes =
. Mesenteric Urained areas Associated conditions
lymphadenitis
Sexually transmitted
Colon cancer infections
Focal infections Cervical cancer
Bladder cancer
Prostate cancer
Explanation Why

The internal iliac lymph nodes receive lymph directly from the lower rectum to the anal canal (above
the dentate line), bladder, upper vagina, cervix, and prostate. They do not receive lymph from the
skin over the plantar aspect of the foot.
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F - Anterior tibial

Explanation Why

The anterior tibial lymph node is an inconstant lymph node that, when present, is located along the
upper part of the anterior tibial artery. Its afferent lymphatic vessels drain lymph from the anterior
compartment of the lower leg and its efferent lymphatic vessels drain into the popliteal lymph nodes.
It does not receive lymph from the plantar aspect of the foot.

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Question # 3

A 3-year-old boy is brought to the physician for evaluation of pallor and increasing lethargy for 3 days.
Six days ago, he experienced abdominal pain, vomiting, and bloody diarrhea that have since resolved.
The family returned from a road trip to Mexico 4-weeks ago. His temperature is 38.8°C (101.8°F), pulse
is 128/min, respirations are 30/min, and blood pressure is 96/60 mm Hg. Examination shows pale
conjunctivae and scleral icterus. The abdomen is soft, nontender, and nondistended. Bowel sounds are
hyperactive. Laboratory studies show:

Hemoglobin 7.8 g/dL
Mean corpuscular volume 92 Hm3
Leukocyte count 18,500/mm3
Platelet count 45,000/mm3
Prothrombin time 12 sec
Partial thromboplastin time || 34 sec
Serum
Urea nitrogen 32 mg/dL
Creatinine 1.8 mg/dL
Bilirubin
Total 2.0 mg/dL
Direct 0.1 mg/dL
Lactate dehydrogenase 1685 U/L

A peripheral blood smear shows schistocytes. Which of the following is the most likely mechanism of

this patient's presentation?
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Answer Image

Bacteremia

IgA Immune complex-mediated vasculitis

Microthrombi formation

Deficiency of ADAMTS13

Infection with an RNA picornavirus
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Hint

This patient presents with classic signs of hemolytic uremic syndrome (HUS), including signs of
microangiopathic hemolytic anemia (Hb < 8 g/dL, 1 indirect bilirubin, schistocytes), thrombocytopenia,
and likely acute kidney injury (indicated by 1 creatinine) following a recent history of bloody diarrhea.
Over 90% of pediatric cases of this condition are due to Shiga-like toxin from enterohemorrhagic E. coli
(EHEC) strain O157:H7.
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Correct Answer

A - Bacteremia

Explanation Why

Bacteremia can lead to sepsis, which should always be considered if there is possible systemic
infection with signs of organ dysfunction. While this patient has a history of likely recent infection
(bloody diarrhea), fever, and signs of acute kidney injury, sepsis is very unlikely because his vital
signs (specifically respiratory rate and blood pressure) are within normal limits for a 3-year-old child.
Bacterial toxins, rather than the bacteria themselves, are the cause of HUS

B - IgA Immune complex-mediated vasculitis

Explanation Why

IgA immune complex-mediated vasculitis causes Henoch-Schonlein purpura (HSP), which also
presents with abdominal pain, signs of renal injury, and possibly anemia, sometimes after
gastrointestinal illness. However, other key features, such as palpable purpura and arthritis, are not
present in this patient. Additionally, HSP is not associated with thrombocytopenia.
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Explanation Why

The clinical features of hemolytic uremic syndrome (HUS) are caused by microthrombi that occlude
arterioles and capillaries. Platelet microthrombi form in response to endothelial cell damage, which
is usually caused by Shiga-like toxin released into the bloodstream from inflamed intestinal mucosa
infected with STEC. This mechanism is especially prominent in the glomerulus, where Shiga-like
toxin binds globotriaosylceramide (Gb3), a glycolipid receptor molecule predominantly located on
renal and intestinal endothelial cells. This leads to a decreased GFR, and RBCs are mechanically
destroyed as they pass through the platelet microthrombi that are occluding small blood vessels,
resulting in hemolysis and end-organ ischemia and damage, especially in the kidneys.

https://t.me/USMLEAmMboss

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

D - Deficiency of ADAMTS13

Explanation Why

A deficiency of ADAMTSI3 is the cause of thrombotic thrombocytopenic purpura (TTP), which is
characterized by the classic pentad of hemolytic anemia, thrombocytopenia, renal failure, fever, and
neurologic changes (usually altered mental status). Although this patient presentation fits this clinical
picture, TTP is a disorder typically seen in adults; it occurs very rarely in children. Additionally,
while gastrointestinal symptoms are also common in patients with TTP, diarrhea is not typically
bloody nor prodromal.

E - Infection with an RNA picornavirus

Explanation But
If this child's immunizations were up-to-date, an infection with HAV would be very unlikely.
Explanation Why

Infection the hepatitis A virus, an RNA picornavirus, should be considered in patients who present
with fever and jaundice after travel to developing countries. While this patient recently traveled to an
endemic area (Mexico) and presents with acute fever, diarrhea, and indirect hyperbilirubinemia,
hepatitis A does not cause anemia or thrombocytopenia.
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Question # 4

A 67-year-old man with hypertension comes to the emergency department because of progressively
worsening abdominal pain that started 1 week ago. The pain is localized to the right upper quadrant. He
has also noticed yellowing of his eyes and skin during this time period. Physical examination shows
jaundice, a distended abdomen, and tender hepatomegaly. There is no jugular venous distention.
Laboratory studies show a hemoglobin concentration of 19.2 g/dL, aspartate aminotransferase of 420 U/
L, alanine aminotransferase of 318 U/L, and total bilirubin of 2.2 mg/dL. Which of the following is the
most likely cause of this patient's symptoms?

Answer

Image

A || Hepatotropic viral infection

B || Hepatic vein obstruction

C || Thickened pericaridium

D || Increased iron absorption

E || Hepatic steatosis
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Hint

This patient's erythrocytosis is a risk factor for Budd-Chiari syndrome, which would present over the
course of days to weeks with jaundice, ascites, tender hepatomegaly, and elevated serum transaminases
without jugular venous distention.
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Correct Answer

A - Hepatotropic viral infection

Explanation Why

Acute viral hepatitis can present with fatigue, tender hepatomegaly, and jaundice. However, the rise
in transaminase levels in acute viral hepatitis would be more pronounced (typically > 1000 U/L) with
ALT levels being higher than AST levels. Moreover, ascites, abdominal distention, and
erythrocytosis would not be expected with acute viral hepatitis. Instead, a history of fever, nausea,
and/or vomiting is usually present.

Explanation Why

Budd-Chiari syndrome is characterized by hepatic vein obstruction, which leads to hepatic venous
congestion with subsequently increased sinusoidal pressure and cellular hypoxia. This results in liver
cell damage that can lead to the development of a nutmeg liver and possible liver failure. The
condition is typically secondary to conditions associated with conditions involving hypercoagulable
states, such as polycythemia vera (most common), pregnancy, or clotting disorders.

C - Thickened pericaridium

Explanation Why

Thickening and/or calcification of the pericardium is seen in constrictive pericarditis, which can
present with fatigue, ascites, tender hepatomegaly, jaundice, and elevated serum transaminase levels
(due to congestive hepatopathy). However, patients with constrictive pericarditis would also have
increased JVP, pedal/sacral edema, and/or a pericardial knock, none of which are seen in this patient.
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D - Increased iron absorption

Explanation Why

Pathologically increased intestinal iron absorption is seen in hereditary hemochromatosis (HH),
which can lead to liver cirrhosis. Although decompensated cirrhosis can present with fatigue,
jaundice, and ascites without an increased JVP, the presentation is much more indolent than seen in
this patient with symptoms starting 1 week ago. Additionally, erythrocytosis is not associated with
HH, and tender hepatomegaly would not be expected.

E - Hepatic steatosis

Explanation Why

Non-alcoholic steatohepatitis (NASH) can present with hepatomegaly and elevated transaminase
levels. However, the enlarged liver is usually nontender and this patient's ascites, jaundice, and
erythrocytosis would not be expected.
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Question # 5

Four days after admission to the hospital for acute pancreatitis, a 41-year-old man develops hypotension
and fever. His temperature is 39.1°C (102.3°F), pulse is 115/min, and blood pressure is 80/60 mm Hg.
Physical examination shows warm extremities, asymmetric calf size, and blood oozing around his

IV sites. There are numerous small, red, nonblanching macules and patches covering the extremities, as
well as several large ecchymoses. His hemoglobin concentration is 9.0 g/dL. A peripheral blood smear
shows schistocytes and decreased platelets. Which of the following sets of serum findings are most

likely in this patient?

Prothrombin time || Partial thromboplastin time || Fibrinogen || D-dimer
A || Increased increased decreased normal
B || Normal normal normal normal
C || Increased increased decreased increased
D || Normal increased normal normal
E || Normal normal normal increased

Answer || Image

Al A
B | B
C| C
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Answer

Image
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Hint

This patient has vital signs consistent with sepsis (e.g., fever, hypotension, tachycardia) from his acute
pancreatitis, signs of bleeding dysfunction (e.g., blood oozing around IV sites, petechiae, and
ecchymoses), and peripheral blood smear findings of schistocytes and thrombocytopenia. These findings
are consistent with a diagnosis of disseminated intravascular coagulation (DIC).
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Correct Answer

Explanation Why

These serum findings are most consistent with liver disease, such as cirrhosis. Cirrhosis is caused by
chronic damage to the liver parenchyma and manifests with impaired liver function, which can cause
decreased production of coagulation factors. As a result, patients can develop a bleeding diathesis
(e.g., blood oozing around IV sites, prolonged PT and PTT). However, cirrhosis typically also causes
other manifestations, such as jaundice, asterixis, spider angiomata, and ascites, none of which are
seen in this patient. This patient's acute presentation is most consistent with disseminated
intravascular coagulation, which results in a different set of serum findings.

Explanation Why

These serum findings are normal but could be seen in patients with thrombotic thrombocytopenic
purpura or hemolytic uremic syndrome (TTP/HUS). This spectrum of conditions is characterized by
the formation of microthrombi that occlude the microvasculature and can manifest with fevers,
petechiae, purpura, mucosal bleeding, and schistocytes and thrombocytopenia on peripheral blood
smear. However, this condition typically also causes neurologic symptoms (e.g., altered mental
status, delirium, or seizures) and impaired renal function, none of which are seen in this patient. This
patient's acute presentation is most consistent with disseminated intravascular coagulation, which
results in a different set of serum findings.

Explanation Why

These serum findings are most consistent with disseminated intravascular coagulation (DIC) as
evidenced by increased prothrombin time (PT), partial thromboplastin time (PTT), and D-dimer. DIC
is a disorder characterized by systemic activation of the clotting cascade with microthrombi
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formation, which results in the exhaustion of all clotting factors. Microthrombi precipitate
microangiopathic hemolytic anemia, which results in schistocytes on peripheral blood smear, as seen
in this patient. The depletion of clotting factors prolongs the PT and PTT. Fibrinogen is activated in
the clotting cascade to become fibrin; thus, a decrease in fibrinogen is expected in patients with DIC.

D-D

Explanation Why

These serum findings are most consistent with heparin use. Heparin is an anticoagulant used
routinely for the prevention and treatment of venous thromboembolism. Heparin indirectly inhibits
thrombin and factor Xa, which increases PTT. Complications of heparin administration include
bleeding and heparin-induced thrombocytopenia (HIT). However, this patient has additional clinical
manifestations that are not caused by complications of heparin therapy, including acute-onset fever,
hypotension, tachycardia, and schistocytes on peripheral blood smear. Moreover, HIT typically
develops 5-14 days after initiation of heparin therapy. This patient's acute presentation is most
consistent with disseminated intravascular coagulation, which results in a different set of serum
findings.

Explanation Why

These serum findings are most consistent with deep venous thrombosis (DVT), an obstruction of a
vein by a clot. DVT most commonly occur in the legs and can result in asymmetrical calf size.
Pulmonary embolism (PE), a serious complication of DVT, can manifest with fevers, tachycardia,
and hypotension. However, neither of these conditions results in bleeding or thrombocytopenia. This
patient's acute presentation is most consistent with disseminated intravascular coagulation, which
results in a different set of serum findings.
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Question # 6

A 21-year-old woman comes to the physician for an annual health maintenance examination. She has no
particular health concerns. Laboratory studies show:

Hemoglobin 11.2 g/dL
Mean corpuscular volume 74 l»lm3
Mean corpuscular hemoglobin concentration || 30% Hb/cell

Red cell distribution width

14% (N =13-15)

Genetic analysis shows a point mutation in intron 1 of a gene on the short arm of chromosome 11. A

process involving which of the following components is most likely affected in this patient?

Answer

Image

A || Transfer RNA

B MicroRNA

C || TATA-rich nucleotide sequence

D || Heat shock protein 60

E || H1 histone protein

F || Small nuclear ribonucleoprotein
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Hint

This asymptomatic patient presents with a mild microcytic, hypochromic anemia, a normal red cell
distribution width, and a point mutation in the first intron of a gene on the short arm of chromosome 11
(beta-globin locus). These findings are consistent with B-thalassemia minor.
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Correct Answer

A - Transfer RNA

Explanation Why

Transfer RNA (tRNA) are specialized RNA adaptors used during protein translation to help build the
growing peptide from the mature mRNA template. An intronic mutation will affect transcription or
post-transcriptional processing but not translation, since the introns are removed prior to translation.

B - MicroRNA

Explanation Why

MicroRNAs (miRNA) are small molecules that regulate post-transcriptional protein expression by
binding to the 3' untranslated region of a target mRNA. Point mutations in the intron of the B-globin
gene will not affect miRNA activity.

C - TATA-rich nucleotide sequence

Explanation Why

TATA-rich nucleotide sequences occur in the promoter region of genes. Beta-thalassemia can be
caused by point mutations at the promoter site, which would impair transcription of hnRNA.
However, the mutation in this patient is located within the gene on an intron, not at the promoter site;
hnRNA will most likely be transcribed in this patient, but processing of hnRNA to mRNA will be
affected.
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D - Heat shock protein 60

Explanation Why

Heat shock proteins (HSPs) are intracellular protein involved in facilitating and/or maintaining
protein folding as well as preventing protein denaturing at high temperatures. The mutation in the
intronic DNA occurring in beta-thalassemia traits would directly affect a transcriptional or
post-transcriptional process, not a post-translational modification (e.g., protein folding).

E - H1 histone protein

Explanation Why

H1 histone proteins are involved in the proper coiling of the DNA necessary for chromatin
formation. Proper coiling of DNA regulates the degree of transcription occurring at a particular
locus. However, the single point mutation in the intron of the B-globin gene is unlikely to influence
H1 histone binding or chromatin structure, which is typically mediated by modifications (e.g.,
acetylation, methylation) on the histone proteins.

Explanation Why

Small nuclear ribonucleoproteins (snRNP) are the subunits of spliceosomes, which are required for
proper processing of pre-mRNA (hnRNA). Spliceosomes remove the introns from pre-mRNA
through specific splicing sites encoded in introns (AG at the 3' end and GU at the 5' end). Mutations
in the intronic splice site of the B-globin locus result in improper splicing, which leads to expression
of abnormal B-globin.
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Question # 7

A 5-day-old male newborn is brought to the physician by his mother because of yellowish discoloration
of the skin for 1 day. The discoloration first appeared on his face and then spread to his trunk. There

have been no changes in his bowel habits or urination. He was born at 38 weeks’ gestation via

uncomplicated vaginal delivery. He is exclusively breastfed every 2—3 hours. Examination shows scleral

icterus and jaundice of the face, chest, and abdomen. Laboratory studies show:

Hemoglobin

17.6 g/dL

Reticulocytes

0.3%

Maternal blood group || A, Rh-negative

Fetal blood group 0, Rh-positive
Serum
Bilirubin, total 7 mg/dL
Direct 0.6 mg/dL
Free T4 1.1 pg/dL

Which of the following is the most likely diagnosis?

Answer

Image

A || Congenital hypothyroidism

B || Rhesus incompatibility

C || Dubin-Johnson syndrome
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Answer

Image

Physiological neonatal jaundice

Breastfeeding jaundice

Biliary atresia

ABO hemolytic disease of the newborn
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Hint

This newborn's condition is most likely due to decreased activity of UDP-glucuronosyltransferase.
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Correct Answer

A - Congenital hypothyroidism

Explanation Why

Congenital hypothyroidism is associated with decreased bilirubin clearance, which can lead to
indirect hyperbilirubinemia and neonatal jaundice, both of which are seen here. However, further
typical manifestations of congenital hypothyroidism include umbilical hernia, large fontanelles,
hypotonia, dry skin, and hypothermia, none of which are seen in this newborn. In addition, his
normal Ty levels exclude this diagnosis.

B - Rhesus incompatibility

Explanation Why

Rhesus incompatibility leading to immune-mediated hemolysis (also known as hemolytic disease of
the fetus and newborn; HDFN) is an uncommon cause of neonatal jaundice in contemporary
practice, largely because of the widespread use of anti-D immunoglobulin. This condition most often
causes jaundice and severe indirect hyperbilirubinemia that appear within the first 24 hours of life.
Although this newborn's incompatibility with his mother's Rhesus type puts him at risk for HDEN,
his normal hemoglobin and low reticulocyte count make hemolysis unlikely.

C - Dubin-Johnson syndrome

Explanation Why

Dubin-Johnson syndrome is caused by defects in the biliary transport protein MRP2. Although
patients with this condition can develop hyperbilirubinemia and jaundice, the onset of symptoms
usually occurs during adolescence. In addition, laboratory studies in patients with Dubin-Johnson
syndrome show direct hyperbilirubinemia caused by defective excretion of conjugated bilirubin, not
the indirect hyperbilirubinemia seen in this newborn.
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Explanation Why

Physiological neonatal jaundice is a common condition that manifests between the 3™ and 8™ day of
life with jaundice and mild indirect hyperbilirubinemia in an otherwise healthy newborn, as seen
here. It is caused by several components of bilirubin metabolism in newborns, including immaturity
of the pathways for hepatic conjugation and elimination (due to decreased activity of the enzyme
UDP-glucuronosyltransferase), increased enterohepatic circulation of bilirubin (due to low bacteria
in the gastrointestinal tract and certain breast milk components), and the short life span of
erythrocytes in newborns. Treatment of neonatal jaundice by phototherapy is indicated if bilirubin
levels increase above a defined threshold.

E - Breastfeeding jaundice

Explanation But

Breastfeeding jaundice is different from breast milk jaundice, which is attributed to increased
enterohepatic circulation of bilirubin due to high concentrations of B-glucuronidase in breast milk.

Explanation Why

Breastfeeding jaundice is caused by insufficient breast milk intake and manifests with indirect
hyperbilirubinemia and jaundice in the first week of life, both of which are seen in this neonate.
However, newborns with breastfeeding jaundice usually also show signs of dehydration (e.g., few
wet diapers), irritability, and weight loss, none of which are present here. Moreover, the mother
reports breastfeeding her son frequently (every 2—-3 hours) without difficulty, making insufficient
breastfeeding an unlikely cause of his jaundice.
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F - Biliary atresia

Explanation Why

Biliary atresia leads to neonatal jaundice by blocking the excretion of bile into the intestines and
causing direct bilirubin to be returned to circulation. This condition manifests with direct
hyperbilirubinemia rather than the indirect hyperbilirubinemia seen in this newborn. In addition,
biliary atresia causes acholic stools (because bilirubin does not reach the intestine to be converted to
urobilin and stercobilin) and dark urine (due to excretion of bilirubin via the urine), neither of which
are seen here.

G - ABO hemolytic disease of the newborn

Explanation Why

ABO hemolytic disease of the newborn is caused by ABO incompatibility, which leads to immune-
mediated hemolysis. This disease typically results in mild indirect hyperbilirubinemia and neonatal
jaundice, which is seen here. ABO hemolytic disease of the newborn usually becomes evident,
however, within the first 24 hours of life and almost exclusively occurs in newborns with blood type
A or B whose mother's blood type is O. Since this newborn's blood type is O, his erythrocytes do not
express AB antigens that could be bound by maternal antibodies. In addition, his normal hemoglobin
and low reticulocyte count make hemolysis unlikely.
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Question # 8

A healthy 29-year-old woman comes to the doctor because of recurrent episodes of bleeding from the
nose and gums during the past week. These episodes occur spontaneously and resolve with compression.
She also had 1 episode of blood in the urine 2 days ago. Examination shows punctate, nonblanching,

reddish macules over the neck, chest, and lower extremities. Her leukocyte count is 8,6OO/mm3,

hemoglobin concentration is 12.9 g/dL, and platelet count is 26,500/mm3. A peripheral blood smear
shows a reduced number of platelets with normal morphology. Evaluation of a bone marrow biopsy in
this patient is most likely to show which of the following findings?

Answer Image

A || Erythroid hyperplasia

B || Ringed sideroblasts

C || Absence of hematopoietic cells

D || Megakaryocyte hyperplasia

E || Plasma cell hyperplasia
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Hint

The combination of petechiae, mucosal bleeding, nosebleeds, hematuria, and isolated thrombocytopenia
with normal platelet morphology in an otherwise healthy woman of child-bearing age indicates immune
thrombocytopenia (ITP).
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Correct Answer

A - Erythroid hyperplasia

Explanation Why

Erythroid hyperplasia may be seen in patients with megaloblastic anemia, sideroblastic anemia, or
hemolytic anemias, in which the bone marrow attempts to compensate. It can also occur in
polycythemia vera, myelodysplastic syndromes (MDS), and erythropoietin (EPO) treatment. Unlike
in this patient, these conditions are typically accompanied by anemia or polycythemia and have
peripheral blood smear abnormalities.

B - Ringed sideroblasts

Explanation Why

Ringed sideroblasts would be seen in a bone marrow biopsy in patients with sideroblastic anemia and
MDS. While both conditions may cause thrombocytopenia and petechial bleeding, they typically also
manifest with anemia, B symptoms, and abnormal peripheral blood smear, all of which are absent in
this patient.

C - Absence of hematopoietic cells

Explanation Why

An absence of hematopoietic cells in bone marrow is consistent with aplastic anemia. While this
condition possibly causes thrombocytopenia and petechial bleeding, as seen here, it would also lead
to other pancytopenia symptoms due to bone marrow failure.
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Explanation Why

Megakaryocyte hyperplasia is a typical finding on a bone marrow biopsy in patients with ITP. As
platelets are destroyed in systemic circulation by antibodies against the GplIb/Illa receptor, the bone
marrow attempts to compensate by increasing the number of platelet-synthesizing megakaryocytes.
Although ITP is often asymptomatic, some patients may develop signs of a bleeding disorder,
including petechiae, nosebleeds, mucosal bleeding, easy bruising, hematuria, and melena.

E - Plasma cell hyperplasia

Explanation Why

Plasma cell hyperplasia in bone marrow is a hallmark finding of multiple myeloma, which can cause
thrombocytopenia and bleeding manifestations. However, classical features such as bone pain,
hypercalcemia, and renal abnormalities would also be present. Additionally, peripheral blood smear
would show rouleaux formation and leukopenia, unlike in this patient.
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Question # 9

A 58-year old man comes to the emergency department because of progressively worsening shortness of
breath and fatigue for 3 days. During the last month, he has also noticed dark colored urine. One month

ago, he underwent mechanical aortic valve replacement for high-grade aortic stenosis. A

photomicrograph of a peripheral blood smear from the patient is shown. Which of the following findings

is most likely to be seen in this patient?

Answer

Image

A || Low unconjugated bilirubin

B || Elevated lactate dehydrogenase

C Low ferritin
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Answer

Image

Low platelets

Elevated haptoglobin
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Hint

This man's symptoms (fatigue, dyspnea, dark urine), history of mechanical aortic valve replacement, and
schistocytes on peripheral blood indicate a diagnosis of macroangiopathic hemolytic anemia.
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Correct Answer

A - Low unconjugated bilirubin

Explanation Why

In cases of hemolysis, large amounts of hemoglobin are released upon erythrocyte destruction. This
hemoglobin then degrades to unconjugated bilirubin, an insoluble product that is metabolized in the
liver into conjugated bilirubin. Large amounts of unconjugated bilirubin can overload the liver's
metabolic capacity, which leads to elevated (not low) levels of unconjugated bilirubin.

Explanation Why

Lactate dehydrogenase (LDH) is an intracytoplasmic enzyme and a nonspecific indicator of
increased cellular breakdown. Any cause of hemolysis would result in elevated LDH levels because
LDH is abundant in RBCs. Macroangiopathic hemolysis, which occurs in patients with aortic
stenosis or heart valve replacement, is characterized by the excess breakdown of RBCs due to
mechanical forces applied to the erythrocyte membrane.

C - Low ferritin

Explanation Why

Ferritin is a protein complex responsible for iron storage. Decreased serum ferritin concentrations
indicate iron deficiency anemia, which would cause fatigue and shortness of breath but it would not
cause dark urine or schistocytes in a peripheral blood smear. Instead, a peripheral smear would show

hypochromic erythrocytes characterized by a region of central pallor that is greater than 15 the
diameter of the erythrocyte. In the case of hemolytic anemia, ferritin levels are usually normal or
increased.
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D - Low platelets

Explanation Why

Microangiopathic hemolytic anemia would result in fatigue, dark urine, and schistocytes on a
peripheral blood smear and most causes of microangiopathic hemolysis (e.g., DIC, TTP/HUS, SLE,
HELLP) are associated with thrombocytopenia. This patient, however, has macroangiopathic
hemolysis caused by aortic stenosis, which is not associated with thrombocytopenia.

E - Elevated haptoglobin

Explanation Why

Haptoglobin is an acute phase reactant and plasma glycoprotein that binds to free hemoglobin.
Intravascular hemolysis (e.g., macroangiopathic hemolysis) leads to the release of hemoglobin into
plasma and binding of hemoglobin to haptoglobin would result in low rather than elevated levels of

haptoglobin.
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Question # 10

A 7-year-old boy is brought to the physician because of a 3-week history of burning sensation in his

mouth. One year ago, a peripheral blood smear performed during workup of fatigue revealed

erythrocytes without central pallor. His father had gallstones, for which he underwent cholecystectomy
at the age of 26 years. Examination shows pallor of the mucosal membranes, mild scleral icterus, a
swollen, red tongue, and several mouth ulcers. There is darkening of the skin over the dorsal surfaces of
the fingers, toes, and creases of the palms and soles. His spleen is enlarged and palpable 3 cm below the
left costal margin. Laboratory studies show a hemoglobin concentration of 9.1 gm/dL, mean corpuscular

volume of 104 um3, and a reticulocyte count of 0.3%. Which of the following would most likely have

prevented this patient's oropharyngeal symptoms?

Answer

Image

A || Cholecystectomy

B || Pneumococcal vaccine and antibiotic prophylaxis

C Red blood cell transfusions

D || Gluten-free diet

E || Vitamin B12 injections

F || Folic acid supplementation
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Hint

This child presents with features strongly suggestive of hereditary spherocytosis: evidence of
extravascular hemolytic anemia (fatigue, splenomegaly, scleral icterus, pallor, Hb of 9.1 g/dL,
reticulocyte count of 0.3%), RBCs without central pallor on peripheral smear, and a father with
cholelithiasis at a young age. Without treatment, patients with hereditary spherocytosis are at increased
risk for megaloblastic anemia.
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Correct Answer

A - Cholecystectomy

Explanation Why

Patients with hereditary spherocytosis are more likely to develop cholelithiasis from bilirubin stones,
secondary to hyperbilirubinemia from extravascular hemolysis. Although this patient may develop
symptomatic cholelithiasis that would require cholecystectomy in the future, this surgery would not
prevent the development of megaloblastic anemia.

B - Pneumococcal vaccine and antibiotic prophylaxis

Explanation Why

Pneumococcal vaccine and antibiotic prophylaxis are appropriate for patients following a
splenectomy, the definitive treatment for hereditary spherocytosis. Although this patient may require
a splenectomy in the future, his spleen is still providing immunologic protection, such that additional
vaccinations outside of the normal schedule would not be required at this time.

C - Red blood cell transfusions

Explanation Why

RBC transfusion is indicated for Hb < 5-6 g/dL in patients with hereditary spherocytosis. Hb levels
low enough to require a transfusion usually occur in the setting of an aplastic crisis in which the
patient can no longer compensate for their hemolytic anemia due to suppression of RBC production

(e.g., via parvovirus B19 infection). This patient's hemoglobin is well above the transfusion
threshold.
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D - Gluten-free diet

Explanation Why

A gluten-free diet is recommended for patients with celiac disease. Patients with celiac disease can
develop megaloblastic anemia due to folate and B12 malabsorption. However, these patients usually
experience chronic diarrhea, steatorrhea, flatulence, and/or abdominal bloating/pain, all of which this
patient lacks. Also, celiac disease would not explain this patient's splenomegaly, extravascular
hemolysis, or spherocytes.

E - Vitamin B12 injections

Explanation Why

Vitamin B2 deficiency can also develop in patients with hereditary spherocytosis due to chronic
hemolysis and high RBC turnover, resulting in fatigue and glossitis, both of which are seen in this
patient. However, this particular deficiency is unlikely in this patient, as most cases are due to
prolonged inadequate dietary intake (e.g., vegan diet) or malabsorption (e.g., pernicious anemia, ileal
resection); the amount of B12 reserves in the body are relatively large. Furthermore, this patient does
not have the classic neurologic symptoms (e.g., sensory deficits, paresthesias, gait abnormalities) that
occur as a result of vitamin B> deficiency.

Explanation But

Folate deficiency is much more likely to develop in patients with chronic hemolysis before vitamin
B2 deficiency because folate reserves in the body are not as large.

Explanation Why

Patients with hereditary spherocytosis (HS) who do not receive adequate treatment are at risk of folic
acid deficiency. The defect in the cytoskeleton-membrane proteins (e.g., spectrin, ankyrin) of RBCs
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in patients with HS results in the formation of spherocytes, which are susceptible to phagocytosis by
splenic macrophages. The bone marrow compensates for this loss of RBCs with increased RBC
production, which can result in a deficiency of folate, a required substrate for DNA synthesis.
Patients typically present with signs of chronic hemolysis (fatigue, breathlessness, pallor, scleral
icterus) and signs of folate deficiency (glossitis, dysphagia, elevated mean red cell volume, low
reticulocyte count). Patients with hemolytic anemia, such as the child here, should receive folic acid
supplementation.
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Question # 11

A previously healthy, 16-year-old boy is brought to the emergency department with persistent bleeding
from his gums after an elective removal of an impacted tooth. Multiple gauze packs were applied with
minimal effect. He has a history of easy bruising. His family history is unremarkable except for a

maternal uncle who had a history of easy bruising and joint swelling. Laboratory studies show:

Hematocrit 36%
Platelet count 170,000/mm3
Prothrombin time 13 sec

Partial thromboplastin time || 65 sec

Bleeding time 5 min (N =2-7)

Peripheral blood smear shows normal-sized platelets. Which of the following is the most likely

diagnosis?

Answer

Image

A || Von Willebrand disease

B Glanzmann thrombasthenia

C || Hemophilia

D || Disseminated intravascular coagulation

E || Immune thrombocytopenia

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Answer

Image

Bernard-Soulier syndrome
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Hint

This disease primarily affects males.
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Correct Answer

A - Von Willebrand disease

Explanation Why

Certain types of von Willebrand disease can present with findings similar to those seen in this patient
(mucosal bleeding, normal or 1 PTT). However, von Willebrand disease also causes increased
bleeding time, and it is autosomal dominant, meaning that one of the patient's parents would likely
have a history of bleeding diathesis as well.

B - Glanzmann thrombasthenia

Explanation Why

Glanzmann thrombasthenia is an inherited disorder causing excessive bleeding, which often presents
with mucosal bleeding or excessive postprocedural bleeding. However, Glanzmann thrombasthenia
presents with normal PTT, 1 bleeding time, | platelet count, and isolated platelets without clumping
on peripheral smear, which are absent in this patient. Additionally, Glanzmann thrombasthenia is
usually diagnosed in infancy or early childhood.

Explanation But

Because of his highly suggestive family history, the next best step for this patient is to acquire
clotting factor activity levels to confirm the diagnosis. For patients with less suggestive histories, a
mixing study would be the most appropriate next step. Hemophilia A is more common than
hemophilia B; hemophilia C is the rarest type of hemophilia.

Explanation Why

Excessive bleeding in an otherwise healthy young male who easily bruises, with a probable family
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history of the disease in a maternal uncle and isolated PTT elevation is highly suspicious for
hemophilia. Because hemophilia is an X-linked recessive disorder, it affects males almost
exclusively, and % of patients have a positive family history in a maternal male relative. The history
of easy bruising and joint swelling (likely hemarthrosis) in his maternal uncle is characteristic of
hemophilia. Inherited hemophilias cause isolated factor VIII, IX, or XI deficiency (all part of the
intrinsic coagulation pathway), presenting with isolated PTT (which measures intrinsic pathway
function) elevation on lab workup.

D - Disseminated intravascular coagulation

Explanation Why

Disseminated intravascular coagulation (DIC) is caused by sepsis, trauma, or shock, and results in a
consumptive coagulopathy. While DIC causes excessive bleeding and 1 PTT, this patient's vital signs
are normal, he appears well, and he has no history of trauma; DIC is therefore unlikely based on
history alone. Additionally, DIC causes 1 PT, 1 bleeding time, 1 fibrin degradation products, |
platelets, | plasma fibrinogen, and schistocytes on blood smear, none of which are seen in this
patient.

E - Immune thrombocytopenia

Explanation Why

Immune thrombocytopenia can cause mucosal bleeding, which is seen in this patient. However, it is
also associated with a low platelet count, petechiae, and sometimes prolonged bleeding time, none of
which are present in this patient. Finally, immune thrombocytopenia more frequently affects children
and women of childbearing age, rather than teenage boys.

F - Bernard-Soulier syndrome

Explanation Why

Bernard-Soulier syndrome is an inherited disorder causing excessive bleeding that can present with
similar symptoms. However, patients with Bernard-Soulier syndrome have a normal PTT,1 bleeding
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time, and giant platelets on peripheral smear, none of which are seen in this patient.
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Question # 12

A 54-year-old woman comes to the emergency department because of sharp chest pain and shortness of
breath for 1 day. Her temperature is 37.8°C (100°F), pulse is 110/min, respirations are 30/min, and
blood pressure is 86/70 mm Hg. CT angiography of the chest shows a large embolus at the right
pulmonary artery. Pharmacotherapy with a tissue plasminogen activator is administered. Six hours later,
she develops right-sided weakness and slurred speech. Laboratory studies show elevated prothrombin
and partial thromboplastin times and normal bleeding time. A CT scan of the head shows a large,
left-sided intracranial hemorrhage. Administration of which of the following is most appropriate to
reverse this patient's acquired coagulopathy?

Answer

Image

A || Protamine sulfate

B Vitamin K

C Plasmin

D || Desmopressin
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Answer

Image

Aminocaproic acid

PAI

(plasminogen activator inhibitor)

S Urokinase —(F—s|=—F—

Fibrin degradation
products
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Hint

This patient with a confirmed diagnosis of a pulmonary embolism was treated with a tissue plasminogen
activator (e.g., alteplase) and subsequently developed bleeding as a complication of therapy. Tissue
plasminogen activators increase thrombolysis by converting plasminogen to plasmin, which directly
dissolves the thrombus by degrading fibrin.
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Correct Answer

A - Protamine sulfate

Explanation Why

Protamine is a cationic peptide that forms a stable pair with anionic heparin or low molecular weight

heparin. Protamine sulfate is administered intravenously to reverse bleeding due to heparin overdose.
Protamine sulfate does not reverse the thrombolytic effects of tissue plasminogen activators (tPA).

B - Vitamin K

Image
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Patients who develop a major active bleed from significant liver disease or with the use of a vitamin
K antagonist (e.g., warfarin) should receive intravenous vitamin K, which improves the hepatic
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synthesis of vitamin K-dependent clotting factors (factor II, VII, IX, and X). Vitamin K, however,
does not reverse the effects of a tissue plasminogen activator, which is the cause of bleeding in this
patient.

C - Plasmin

Explanation Why

A tissue plasminogen activator (tPA) facilitates thrombolysis by converting plasminogen to plasmin.
The administration of plasmin would, therefore, enhance the effects of tPA, not reverse them.

D - Desmopressin

Explanation Why

Desmopressin is used to treat hemophilia A and von Willebrand disease types 1 and 2 because it
stimulates the release of Factor VIII/vWF from Weibel-Palade bodies in endothelial cells.
Desmopressin does not reverse the effects of the tissue plasminogen activator administered to this
patient.
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Image
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Explanation Why

Antifibrinolytics such as aminocaproic acid and tranexamic acid can reverse the effects of tissue
plasminogen activators by inhibiting the activation of plasminogen. In addition to antifibrinolytics,
current guidelines also recommend administering FFP or cryoprecipitate in the case of bleeding due

to thrombolytic therapy.

Fibrin degradation
products
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Question # 13

A previously healthy 4-year-old boy is brought to the emergency department because of a 1-day history
of pain and swelling of his left knee joint. He has not had any trauma to the knee. His family history is
unremarkable except for a bleeding disorder in his maternal uncle. His temperature is 36.9°C (98.4°F).
The left knee is erythematous, swollen, and tender; range of motion is limited. No other joints are
affected. An x-ray of the knee shows an effusion but no structural abnormalities of the joint.
Arthrocentesis is conducted. The synovial fluid is bloody. Further evaluation of this patient is most
likely to show which of the following findings?

Answer Image
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Answer Image
Elevated
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Hint

Factor VIII activity levels should be evaluated in a 4-year-old patient with hemarthrosis.
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Correct Answer

A - Elevated antinuclear antibody levels

Image
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Explanation Why

Elevated antinuclear antibody levels in a child with joint pain and reduced range of motion are
suggestive of juvenile idiopathic arthritis (JIA). Further possible features include early morning
stiffness, chronic anterior uveitis, and systemic symptoms (e.g., fever, generalized
lymphadenopathy). The synovial fluid is typically yellow and cloudy. Since JIA usually affects

several joints, is present for > 6 weeks, and hemarthrosis does not occur, this diagnosis can be ruled
out.
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B - Decreased platelet count
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Explanation Why

A decreased platelet count (thrombocytopenia) can be a symptom of numerous conditions. The most
common causes include impaired platelet production (e.g., due to bone marrow failure, infections,

malignancy) and increased platelet turnover (e.g., disseminated intravascular coagulation, thrombotic
thrombocytopenic purpura). Symptoms of thrombocytopenia include easy bruising, mucosal

bleeding, and petechiae if the platelet count drops below ~ 30,000/mm3 . Although severe
thrombocytopenia can lead to hemarthrosis, it is unlikely to be the initial symptom in a previously
healthy child.
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C - Prolonged prothrombin time

Explanation Why

A prolonged prothrombin time indicates a disorder of the extrinsic pathway of the coagulation
cascade, specifically of fibrin formation. Causes include vitamin K deficiency, reduced or impaired
production of coagulation factors (e.g., liver disease), and treatment with warfarin. Since
spontaneous hemarthrosis is indicative of advanced liver disease or severe vitamin K deficiency, it is
unlikely to be the first presenting symptom in a previously healthy child.

D - Elevated erythrocyte sedimentation rate

Explanation Why

An elevated ESR in a child with joint pain is suggestive of several underlying conditions, including
juvenile idiopathic arthritis (JIA) and septic arthritis. Although the findings of the patient's physical
examination may be seen in both conditions, JIA usually affects several joints and also manifests
with extra-articular symptoms (e.g., anterior uveitis), while septic arthritis typically also presents
with fever. Moreover, neither condition is associated with hemarthrosis.
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Explanation But

A prolonged aPTT indicates a disorder of the intrinsic pathway of the coagulation cascade.
Underlying conditions include hemophilia, von Willebrand disease (vWD), and treatment with

heparin.

Explanation Why

Prolonged partial thromboplastin time (aPTT) is a diagnostic feature of hemophilia A, an X-linked
recessive disease characterized by defect factor VIII. A principal clinical feature is hemorrhage into a
single weight-bearing joint, which can occur spontaneously or following minimal trauma. Repeated
hemarthrosis can lead to joint destruction over time. Further hemorrhages may occur in the CNS, in
gastrointestinal and genitourinary tracts, and from mucous membranes. Blood tests show a prolonged
aPTT, normal prothrombin time, and normal platelet count. The diagnosis is confirmed through
mixing studies and quantitative assessment of factor VIII activity levels.

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

F - Synovial fluid leukocytosis

Explanation Why

Leukocytosis and a yellowish-green appearance of synovial fluid are diagnostic features of septic
arthritis, a bacterial infection of the joint space. The infection presents with a triad of fever, joint
pain, and restricted range of motion, with physical examination also showing swelling, redness, and
warmth of the joint. While the patient's symptoms are very similar to septic arthritis, the bloody
synovial fluid and absence of fever rule out this diagnosis.
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Question # 14

A 3-year-old boy is brought to the physician because of a 1-week history of yellowish discoloration of
his eyes and skin. He has had generalized fatigue and mild shortness of breath for the past month. Three

weeks ago, he was treated for a urinary tract infection with antibiotics. His father underwent a

splenectomy during childhood. Examination shows pale conjunctivae and jaundice. The abdomen is soft
and nontender; there is nontender splenomegaly. Laboratory studies show:

Hemoglobin 9.1 g/dL
Mean corpuscular volume {9 Mm3
Mean corpuscular hemoglobin 32 pg/cell

Mean corpuscular hemoglobin concentration

37.8% Hb/cell

Leukocyte count

7800/mm-

Platelet count

245,000/mm>

Red cell distribution width

22.8% (N=13%—15%)

Serum
Bilirubin
Total 13.8 mg/dL
Direct 1.9 mg/dL
Lactate dehydrogenase 450 U/L

Which of the following is the most likely pathophysiology of these findings?

Answer

Image

A || Increased hemoglobin S
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Answer

Image

Decreased spectrin in the RBC membrane

Deficient glucose-6 phosphate dehydrogenase

Decreased synthesis of alpha chains of hemoglobin

Decreased CD55 and CD59 in RBC

Thrombotic microangiopathy

Deficiency of pyruvate kinase
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Hint

The presence of jaundice, normocytic anemia, and splenomegaly in a child with raised MCHC and
RDW and laboratory findings of hemolytic anemia (increased LDH and indirect hyperbilirubinemia) is
suggestive of hereditary spherocytosis. Splenectomy prevents hemolysis and complications (such as
gallstone formation and cholecystitis) in this commonly autosomal dominant disease.
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Correct Answer

A - Increased hemoglobin S

Explanation But

Patients with the homozygote form of SCA can have a mild increase in MCHC (indicating
intracellular dehydration). However, this laboratory finding is more specific for another condition.

Explanation Why

Increased hemoglobin S can be found in patients with sickle cell anemia (SCA). SCA can also cause
jaundice, normocytic anemia, and, in the case of splenic sequestration crisis, splenomegaly.
However, splenic sequestration crisis is a medical emergency and patients present very acutely, with
a severe drop in hemoglobin, thrombocytopenia, a rapidly enlarging spleen often accompanied by
LUQ pain, and potentially hypovolemic shock. This patient does have a drop in hemoglobin, but his
splenomegaly is painless, his platelet count is normal, and he presents subacutely, with no symptom
progression over several days. Furthermore, because splenectomy is not part of the treatment for
SCA, this condition would not sufficiently explain the child's family history (his father underwent
splenectomy as a child).

Explanation But

Diagnosis can be confirmed by an eosin-5-maleimide binding test.
Explanation Why

Decreased spectrin in the RBC membrane is the most common cause of hereditary spherocytosis.
Defective RBC membrane proteins (including spectrin and/or ankyrin, among others) lead to
continuous loss of the outer lipid bilayer and a decrease in erythrocyte surface area, which creates
sphere-shaped erythrocytes (spherocytes) with decreased membrane stability. Spherocyte entrapment
in the splenic vasculature causes splenomegaly, and their destruction by splenic macrophages leads
to normocytic anemia and jaundice. Laboratory studies show increased MCHC (due to decreased
RBC volume from lack of water content), increased RDW (due to anisocytosis), and signs of
extravascular hemolysis (including increased LDH and indirect hyperbilirubinemia).
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C - Deficient glucose-6 phosphate dehydrogenase

Explanation Why

G6PD deficiency can also cause hemolytic anemia, particularly after exposure to oxidative stress
(including antibiotics), which is consistent with this patient's splenomegaly, jaundice,
hyperbilirubinemia, and increased LDH. However, symptoms usually appear 2—-3 days following
exposure to oxidative stress (not 2 weeks), and this diagnosis would not explain the elevated MCHC
seen in this patient.

D - Decreased synthesis of alpha chains of hemoglobin

Explanation Why

Decreased synthesis of alpha chains of hemoglobin results in alpha thalassemia. Presentation of
alpha thalassemia is variable depending on clinical severity, but may also cause hemolytic anemia
with splenomegaly. However, alpha thalassemia usually presents with a normal RDW and a slightly
decreased to low normal MCHC.

E - Decreased CD55 and CD59 in RBC

Explanation Why

Decreased CD55 and CD59 in the RBC membrane is seen in paroxysmal nocturnal hemoglobinuria
(PNH). PNH can also cause hemolytic anemia but is not associated with an elevated MCHC.
Additionally, PNH is usually associated with pancytopenia, and would not be a potential reason for
the father's splenectomy.
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F - Thrombotic microangiopathy

Explanation Why

Thrombotic microangiopathy may be caused by hemolytic uremic syndrome (HUS) or thrombotic
thrombocytopenic purpura (TTP). These disorders may cause normocytic anemia, jaundice, and
hyperbilirubinemia, but are associated with thrombocytopenia (often severe). Additionally, HUS and
TTP usually present with fever and hematuria, and could not explain the elevated MCHC seen in this
patient. Lastly, gastrointestinal infection (primarily with EHEC O157:H7) would generally precede
HUS.

G - Deficiency of pyruvate kinase

Explanation Why

Pyruvate kinase deficiency can also cause hemolytic anemia with splenomegaly, hyperbilirubinemia,
and increased LDH. However, this diagnosis would not explain the elevated MCHC seen in this
patient.
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Question # 15

A 68-year-old man comes to the physician for evaluation of a lump in his left axilla that he first noticed
1 year ago. He reports that the size of the mass has varied over time and that there have been similar
masses in his neck and groin. He has not had fever, weight loss, or night sweats. Physical examination
shows a nontender, rubbery mass in the left axilla and a similar, smaller mass in the right groin. His
spleen is palpable 3 cm below the left costal margin. Laboratory studies, including complete blood
count, are within reference ranges. Genetic analysis obtained on resection of the axillary mass shows a
t(14;18) translocation. Which of the following is the most likely diagnosis?

Answer

A || Hodgkin lymphoma

B || Follicular lymphoma
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Answer

Marginal zone lymphoma
Mantle cell lymphoma

Diffuse large B-cell

lymphoma

D || Burkitt lymphoma

C
E
F

https://t.me/USMLEAmboss

https://t.me/USMLEAmMboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Hint

Painless waxing and waning lymphadenopathy without constitutional symptoms (B symptoms) and
normal laboratory studies suggest an indolent process. The identified genetic lesion causes an IgH/BCL2
fusion gene.
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Correct Answer

A - Hodgkin lymphoma

Image

Explanation But

The presence of Reed-Sternberg cells on biopsy is pathognomonic for Hodgkin lymphoma.

Explanation Why

Hodgkin lymphoma most commonly presents with constitutional symptoms such as B symptoms and
pruritus, with painless enlargement of a single group of lymph nodes (most commonly the cervical
nodes) via contiguous spread. Even though this patient presents with painless lymphadenopathy,
involvement of more than one lymph node group is uncommon. Moreover, lab abnormalities, such as
anemia, are commonly found at presentation.
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Explanation Why

Follicular lymphoma constitutes about 40% of all diagnoses of non-Hodgkin lymphoma in the adult
population, with a peak incidence around 65 years of age. Affected individuals typically present with
slowly progressive, painless lymphadenopathy of alternating size, as observed in this patient. While
additional symptoms are typically absent at presentation, lab abnormalities, B symptoms, and bone
marrow dysfunction may eventually develop with more advanced disease. A t(14:18) translocation is
classically associated with the condition and histological studies would show nodular, small cells
with cleaved nuclei.
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C - Diffuse large B-cell lymphoma

Image
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Explanation Why

Diffuse large B-cell lymphoma (DLBCL) is the most common type of
While DLBCL also presents with lymphadenopathy and splenomegaly, the masses are often painful

non-Hodgkin lymphoma.

and rapidly progressive, and B symptoms and extranodal symptoms are relatively common.
Moreover, lab abnormalities (e.g., signs of bone marrow failure, elevated LDH) are also common.
Genetic changes in this neoplasm are diverse but most frequently include mutations in BCL-2 or

BCL-6.
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D - Burkitt lymphoma

Explanation Why

Burkitt lymphoma is an aggressive, rapidly growing non-Hodgkin lymphoma that classically occurs
in young adults or children. The sporadic form affects the GI tract or the para-aortic nodes, while the
endemic form presents with a jaw lesion; both forms cause symptoms related to localized mass
effect. The genetic lesion associated with this condition is a t(8:14) translocation of c-Myc
(chromosome 8) and heavy-chain Ig (chromosome 14). Therefore, this adult patient's indolent
presentation of slowly enlarging lymph nodes in the absence of other findings makes this an unlikely
diagnosis.
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E - Marginal zone lymphoma

Explanation Why

Marginal zone lymphoma is a non-Hodgkin lymphoma that typically presents with nonspecific,
upper gastrointestinal symptoms such as abdominal pain or reflux. This condition is commonly
associated with underlying chronic inflammatory conditions such as Sjogren syndrome or with H.
pylori infection leading to MALT lymphoma, a common form of marginal zone lymphoma. Cervical
and/or inguinal lymphadenopathy would not be expected.

F - Mantle cell lymphoma

Image

Explanation Why

Mantle cell lymphoma is a non-Hodgkin lymphoma that most commonly presents with
lymphadenopathy and splenomegaly in older individuals, predominantly men, similar to this patient.
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However, the majority of patients present with stage IV disease, and show additional findings such as
B symptoms, hepatomegaly, and cytopenias due to bone marrow involvement, in contrast to this
patient's localized, relatively indolent presentation. The associated mutation is a t(11:14)
translocation of cyclin D1 (chromosome 11) and heavy-chain Ig (chromosome 14).
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Question # 16

An investigator is studying the outcomes of a malaria outbreak in an endemic region of Africa. 500 men
and 500 women with known malaria exposure are selected to participate in the study. Participants with
G6PD deficiency are excluded from the study. The clinical records of the study subjects are reviewed
and their peripheral blood smears are evaluated for the presence of Plasmodium trophozoites. Results
show that 9% of the exposed population does not have clinical or laboratory evidence of malaria
infection. Which of the following best explains the absence of infection seen in this subset of
participants?

Answer Image

A || Translocation of c-myc gene

B || Inherited defect in erythrocyte membrane ankyrin protein

C || Defective X-linked ALA synthase gene

D || Inherited mutation affecting ribosome synthesis

E | Glutamic acid substitution in the f-globin chain
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Hint

Approximately 8—10% of the population in regions of Africa where malaria is endemic are resistant to
Plasmodium species (the causative agent of malaria) due to sickle cell trait.
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Correct Answer

A - Translocation of c-myc gene

Explanation Why

Translocation of the c-myc gene causes Burkitt lymphoma, an aggressive, high-grade B-cell
lymphoma. It usually occurs in adults with HIV infection or in children, in which it is commonly
associated with EBV infection. It is not associated with increased resistance to malaria.

B - Inherited defect in erythrocyte membrane ankyrin protein

Explanation Why

A defect in erythrocyte membrane ankyrin protein occurs in hereditary spherocytosis (HS), which is
the most common inherited hemolytic disease among individuals of Northern European descent. It is
characterized by spherical erythrocytes with decreased membrane stability, which renders them more
vulnerable to osmotic stress, entrapment within the splenic vasculature (splenomegaly), and
extravascular hemolysis. The defect is not associated with increased resistance to malaria.

C - Defective X-linked ALA synthase gene

Explanation Why

A defective ALA synthase gene on chromosome X, which results in ineffective heme synthesis, is
seen in sideroblastic anemia, a rare disorder characterized by basophilic stippling and ringed
sideroblasts on peripheral blood smear and secondary iron overload. Sideroblastic anemia is not
associated with increased resistance to malaria.
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D - Inherited mutation affecting ribosome synthesis

Explanation Why

An inherited mutation affecting ribosome synthesis is the underlying cause of Diamond-Blackfan
anemia, which manifests with congenital anemia due to impaired erythropoiesis and results in an
increased ratio of HbF. Diamond-Blackfan anemia is very rare and while it may confer some
protection against malaria (due to the increased ratio of HbF present), it would be unlikely to explain
the high percentage of non-infected adults seen in this study.

Explanation Why

In sickle cell trait, only one allele of the B-globin gene carries the point substitution of glutamic acid
to valine, while the other allele is normal, producing hemoglobin AS (HbAS). Sickle cell trait is most
often asymptomatic but provides resistance to malaria , which explains its high frequency (8—10%)
in some African populations. While the exact mechanism is not well understood , it is likely due to
impaired parasite growth within RBCs and accelerated sickling of infected RBCs.
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Question # 17

A 52-year-old woman comes to the physician because of a 6-month history of generalized fatigue,
low-grade fever, and a 10-kg (22-1b) weight loss. Physical examination shows generalized pallor and

splenomegaly. Her hemoglobin concentration is 7.5 g/dL and leukocyte count is 41,800/mm3.
Leukocyte alkaline phosphatase activity is low. Peripheral blood smear shows basophilia with
myelocytes and metamyelocytes. Bone marrow biopsy shows cellular hyperplasia with proliferation of
immature granulocytic cells. Which of the following mechanisms is most likely responsible for this
patient's condition?

Answer Image

Overexpression
A || of'the c-KIT
gene

Cytokine-
independent

B || activation of
the JAK-STAT
pathway

Loss of
C || function of the
APC gene

Altered
expression of
D || the retinoic
acid receptor
gene
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Answer

Image

Unregulated
expression of
the ABL1 gene
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Hint

This patient's constitutional symptoms (fatigue, fever, weight loss), splenomegaly, anemia, and extreme
leukocytosis with midstage progenitor cells (e.g., myelocytes, metamyelocytes) on laboratory evaluation
suggest hematologic malignancy. A bone marrow biopsy showing hyperplastic myelopoiesis indicates
chronic myeloid leukemia. This is supported by low leukocyte alkaline phosphatase activity, a distinct
feature of CML that distinguishes it from all other forms of leukemia.
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Correct Answer

A - Overexpression of the c-KIT gene

Explanation Why

The c-KIT gene is a proto-oncogene that encodes for a receptor with tyrosine kinase activity.
Mutations in ¢-KIT are commonly seen in gastrointestinal stromal tumors but also in acute myeloid
leukemia, seminoma, and melanoma. Overexpression of the c-KIT gene is not associated with CML.

B - Cytokine-independent activation of the JAK-STAT pathway

Explanation Why

The JAK2 gene encodes intracellular tyrosine kinases involved in activating the JAK-STAT pathway,
which controls the proliferation of blood cells from hematopoietic stem cells within the bone
marrow. Mutations can cause myeloproliferative neoplasms (MPNs), including essential
thrombocythemia, polycythemia vera, primary myelofibrosis, and myelodysplastic syndrome. CML,
which this patient likely has, is only rarely caused by JAK2 mutation.

C - Loss of function of the APC gene

Explanation Why

The APC gene is a tumor suppressor gene. Mutations in APC are associated with most cases of
sporadic colorectal cancer (via adenoma-carcinoma sequence) and also with familial adenomatous
polyposis. Loss of function of the APC gene is not associated with CML.
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D - Altered expression of the retinoic acid receptor gene

Explanation Why

The retinoic acid receptor (RAR) controls the transcription of genes that are important for cell
differentiation beyond the promyelocyte. A t(15;17) translocation causes acute promyelocytic
leukemia by altering expression of the retinoic acid receptor gene, which leads to promyelocyte
accumulation in the bone marrow with suppression of normal white blood cells. In contrast to this
patient, myelocytes and metamyelocytes would not be found on peripheral blood smear and
pancytopenia would typically be present. Altered expression of retinoic acid receptor gene is not

associated with CML.
Image
Normal Translocation
BCR gene i l ﬂ
ABL gene (22q11.2) BCR-ABL—{ —’
L’ ‘J fusion gene \

Chr.9 | Chr.22. \ Chr.9q+ | | Ph.chr.22q- [
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Explanation But

The most important therapeutic principle is targeted therapy with imatinib, which selectively inhibits
BCR-ABL tyrosine kinase.

Explanation Why

CML is a malignancy of hematopoietic stem cells with excessive proliferation of the myeloid lineage
(especially granulocytes). It is caused by a reciprocal translocation that leads to fusion of the ABL
gene on chromosome 9 with the BCR gene on chromosome 22, resulting in Philadelphia
chromosome t(9;22). The newly formed BCR-ABL fusion gene encodes a BCR-ABL non-receptor
tyrosine kinase with increased enzyme activity. The ABL1 gene product inhibits physiologic
apoptosis and increases mitotic rate, which promotes uncontrolled proliferation of functioning

granulocytes.
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Question # 18

A 3-year-old boy is brought to the emergency department because of worsening pain and swelling in
both of his hands for 1 week. He appears distressed. His temperature is 38.5°C (101.4°F). Examination
shows erythema, swelling, warmth, and tenderness on the dorsum of his hands. His hemoglobin
concentration is 9.1 g/dL. A peripheral blood smear is shown. The drug indicated to prevent recurrence
of this patient's symptoms is also used to treat which of the following conditions?
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Answer

Image

A || Primary syphilis
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Answer

Image

B || Chronic kidney disease
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C || Megaloblastic anemia
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D || Iron intoxication
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E || Polycythemia vera
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Answer

Image

Paroxysmal nocturnal
hemoglobinuria
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Hint

Given the presence of sickle cells on peripheral blood smear, this patient is likely suffering from a vaso-
occlusive episode of dactylitis (hand-foot syndrome) due to sickle cell disease (SCD). Hydroxyurea is a
medication that is often used in SCD patients to prevent recurrence of these episodes.
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Correct Answer

A - Primary syphilis

Image
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Explanation Why

The first-line treatment for primary syphilis is penicillin, not hydroxyurea. Penicillin is also used for
prophylaxis of infection with encapsulated infection in patients with (functional) asplenia. On blood
smear, (functional) asplenia manifests as target cells and/or Howell-Jolly bodies, not sickle cells.
While this patient with sickle cell disease is at risk of functional asplenia and should therefore be
treated with penicillin until at least the age of five, penicillin is not indicated to prevent recurrence of
vaso-occlusive crisis.
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B - Chronic kidney disease

Image
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Explanation Why

Treatment of chronic kidney disease (CKD) includes a salt- and protein-restricted diet as well as
dialysis and treatment of associated complications such as hypertension (ACE inhibitor or ARB),
hyperlipidemia (statins), diabetes mellitus (insulin), bleeding (desmopressin) or anemia
(erythropoietin). In CKD, a blood smear may show echinocytes. Treatment of CKD does not include

hydroxyurea.
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C - Megaloblastic anemia
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Explanation Why

Megaloblastic anemia is a type of macrocytic anemia that commonly occurs in patients with vitamin
Bi12 or folic acid deficiency. Due to inhibition of DNA synthesis blood cell precursors arrest in the
G2 cell phase and continue to grow, resulting in megaloblasts. However, blood smear would show
macro-ovalocytes and hypersegmented neutrophils, not sickle cells. Moreover, therapy would
include supplementation of folate or vitamin B2, not hydroxyurea.
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D - Iron intoxication
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Explanation Why

Iron intoxication is especially common in pediatric care (ingestion of red iron tablets mistaken for
candy). An iron overload can also be caused by -thalassemia (major), which can present with severe
anemia already in infancy. Insufficient erythropoiesis can lead to extramedullary hematopoiesis as
well as bone marrow hyperplasia. However, blood smear would show dacrocytes and/or target cells,
not sickle cells. Treatment of either iron intoxication or -thalassemia would involve deferoxamine,

but not hydroxyurea.

Explanation Why

Hydroxyurea is the first-line treatment for frequent, acute episodes of pain or other vaso-occlusive
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events as well as severe symptomatic anemia due to sickle cell crisis. Hydroxyurea increases fetal
hemoglobin by an unknown mechanism, thus reducing HbS proportionally and decreasing red blood
cell polymerization (HbF does not polymerize). It is also used in the treatment of polycythemia vera
and other myeloproliferative disorders. In these conditions, hydroxyurea is beneficial because of its
myelosuppressive effects, which are a result of its inhibition of ribonucleoside diphosphate
reductase.

F - Paroxysmal nocturnal hemoglobinuria

Image

w
~

Explanation Why

Paroxysmal nocturnal hemoglobinuria is a rare acquired hemolytic anemia caused by the destruction
of erythrocytes by complement. Treatment includes eculizumab, a monoclonal recombinant antibody
that inhibits the immune system by binding to and deactivating complement C5, but not
hydroxyurea. Eculizumab is also used to treat some forms of hemolytic uremic syndrome (HUS), but
this patient has no symptoms of HUS and a blood smear of a patient with HUS would show
schistocytes, not sickle cells.
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Question # 19

A 77-year-old man with type 2 diabetes mellitus is admitted to the hospital because of chest pain and
dyspnea. Serum troponin levels are elevated and an ECG shows ST-segment depressions in the lateral
leads. Percutaneous coronary angiography is performed and occlusion of the distal left anterior
descending coronary artery is identified. Pharmacotherapy with eptifibatide is initiated and a
drug-eluting stent is placed in the left anterior descending coronary artery. The mechanism by which
eptifibatide acts is similar to the underlying pathophysiology of which of the following conditions?

Answer Image

A || Von Willebrand disease

B || Vitamin K deficiency

C || Protein C deficiency

D || Thrombotic thrombocytopenic purpura

E Glanzmann thrombasthenia
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Hint

Eptifibatide is an antiplatelet medication that acts by blocking the glycoprotein IIb/Illa receptors on the
surface of platelets.
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Correct Answer

A - Von Willebrand disease

Explanation Why

Von Willebrand disease is a hereditary bleeding disorder caused by a deficient quality or quantity of
von Willebrand factor (vWF), a glycoprotein involved in hemostasis. vWF is stored in the Weibel-
Palade bodies of endothelial cells and the o granules of platelets. When released into the circulation,
vWEF binds to platelets via the Gplb receptor, increases platelet adhesion, and ultimately facilitates
hemostasis through platelet plug formation. A deficiency of vWF manifests with easy bleeding,
typically from mucosal or gingival surfaces after minor trauma. Eptifibatide blocks glycoprotein IIb/
II1a receptors on the surface of platelets but it does not act by inhibiting vWF.

B - Vitamin K deficiency

Explanation Why

Vitamin K deficiency most commonly results from malnutrition or malabsorption and leads to an
increased risk of bleeding secondary to decreased production of the procoagulant factors II, VII, IX,
and X. Vitamin K deficiency is rare and most commonly occurs secondary to chronic heavy alcohol
use, liver cirrhosis, or inflammatory bowel disease. The side effects of warfarin are identical to the
symptoms of vitamin K deficiency as the drug antagonizes vitamin K epoxide reductase and
subsequently inhibits vitamin K-dependent clotting factors. This patient received the antiplatelet
agent eptifibatide, which acts by antagonizing platelet glycoprotein IIb/Illa receptors. It has no direct
effect on the production or function of clotting factors.

C - Protein C deficiency

Explanation Why

Protein C is an anticoagulant that inhibits coagulation factors V and factor VIII. Protein C deficiency
is a genetic disorder that causes a state of hypercoagulability. Affected individuals most often present
with serial venous thrombotic events (e.g., deep venous thrombosis and pulmonary embolism).
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Administration of warfarin can also lead to a transient protein C deficiency, which classically
manifests with skin necrosis. Warfarin acts by antagonizing vitamin K epoxide reductase, unlike
eptifibatide, which acts through the antagonism of platelet glycoprotein IIb/Il1a receptors.

D - Thrombotic thrombocytopenic purpura

Explanation Why

Thrombotic thrombocytopenic purpura is a coagulation disorder caused by decreased activity of the
metalloprotease ADAMTS 13, which results in increased amounts of large von Willebrand factor
multimers. Increased amounts of these multimers lead to increased platelet adhesion, aggregation,
and thrombosis, with microthrombi forming subsequently throughout the body; the ultimate
manifestation is systemic organ damage and profound thrombocytopenia. In contrast, eptifibatide
counteracts thrombus formation by preventing platelet aggregation.

Explanation But

Upon laboratory evaluation, the only abnormality in Glanzmann thrombasthenia is a prolonged
bleeding time, with all other routine hemostasis parameters being normal.

Explanation Why

Glanzmann thrombasthenia is an autosomal recessive bleeding disorder caused by deficient platelet
glycoprotein I1b/I1la receptors, which prevent fibrinogen from binding to platelets. The inability of
fibrinogen to bind to platelets impairs platelet aggregation and thrombus formation, predisposing an
individual to bleeding. The characteristic symptoms of gingival or mucosal bleeding typically
manifest during infancy. Administration of eptifibatide impairs platelet aggregation by inhibiting
platelet glycoprotein IIb/I1Ia receptors, mimicking the pathophysiologic mechanism of Glanzmann
thrombasthenia. Other examples of glycoprotein IIb/II1a inhibitors include abciximab and tirofiban.

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Question # 20

A 3-year-old boy is brought to the physician because of a 3-day history of fatigue and yellow
discoloration of his skin. One week ago, he had an upper respiratory tract infection. Examination shows
jaundice of the skin and conjunctivae. The spleen tip is palpated 2 cm below the left costal margin. His
hemoglobin concentration is 9.4 g/dl and his mean corpuscular hemoglobin concentration is 39% Hb/
cell. A Coombs test is negative. A peripheral blood smear is shown. This patient is at greatest risk for
which of the following complications?
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Answer Image

Recurrent infections with
Neisseria gonorrhoeae
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Answer

Skeletal deformities

Malaria

Acute myelogenous leukemia

Cholecystitis
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Answer

Renal papillary necrosis

Splenic sequestration crisis

Osteomyelitis

F

G || Esophageal webs

H
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Hint

The blood smear shows spherocytes without central pallor.
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Correct Answer

A - Recurrent infections with Neisseria gonorrhoeae

Explanation Why

Recurrent infections with Neisseria meningitidis (an encapsulated organism), rather than Neisseria
gonorrhoeae (an unencapsulated organism), can occur as a complication of splenectomy or
functional asplenia (due to sickle cell anemia), as patients are at greater risk of infection with
encapsulated organisms.

B - Skeletal deformities
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Explanation Why

Skeletal deformities (high forehead, prominent zygomatic bones, and maxilla) are associated with
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thalassemia, particularly beta thalassemia major. While beta thalassemia causes anemia, jaundice,
and splenomegaly, it would cause decreased, not increased, MCHC. Additionally, the peripheral
smear would show hypochromic erythrocytes(i.e., target cells and teardrop cells) and not

spherocytes.

C - Malaria

Image

Explanation Why

Some hemoglobinopathies (particularly sickle cell anemia) actually protect against malaria, likely
because the plasmodia responsible for malaria are unable to multiply sufficiently within the defective

erythrocytes.
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D - Acute myelogenous leukemia

Explanation But

PNH is also associated with aplastic anemia and myelodysplastic syndromes.

Explanation Why

Acute myelogenous leukemia is associated with paroxysmal nocturnal hemoglobinuria (PNH). PNH
can cause anemia and jaundice but cannot explain this patient's elevated mean corpuscular
hemoglobin concentration (MCHC) or spherocytes on peripheral smear.
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Explanation But

Eosin-5-maleimide binding test is the diagnostic test of choice for this patient's red cell membrane
defect.

Explanation Why

Splenomegaly, jaundice, anemia, elevated mean corpuscular hemoglobin concentration (MCHC),
and characteristic spherocytes on the peripheral smear are indicative of hereditary spherocytosis.
Recurrent extravascular hemolysis of fragile red blood cells within the spleen (typically worsened by
viral infections, as seen in this boy) leads to increased bilirubin and formation of calcium bilirubinate
gallstones, predisposing to cholecystitis. Additional findings may include increased red cell
distribution width and increased reticulocyte count. Splenectomy can prevent the destruction and
removal of spherocytes, thereby preventing development of gallstones.

F - Renal papillary necrosis

Image
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Explanation Why

Renal papillary necrosis is associated with sickle cell anemia, and results from vaso-occlusion of
blood vessels in the vasa recta. Sickle cell anemia may present with low Hb and can cause an
elevated MCHC. However, sickle cell anemia would show sickle cells or target cells on the
peripheral smear and would not be associated with spherocytes.

G - Esophageal webs

Image
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Explanation Why

Esophageal webs are associated with Plummer-Vinson syndrome (PVS). While PVS may present
with anemia (from iron deficiency anemia) and splenomegaly, it is not associated with jaundice or
elevated MCHC. In addition, peripheral smear would show erythrocytes with increased zone of
central pallor instead of a lack of central pallor.
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H - Splenic sequestration crisis

Explanation Why

Splenic sequestration crisis is associated with sickle cell anemia, which may present with low Hb and
an elevated MCHC. However, sickle cell anemia would show sickle cells or target cells on the
peripheral smear rather than spherocytes.

I - Osteomyelitis

Explanation Why

Osteomyelitis is associated with sickle cell anemia, arising from infection of ischemic or infarcted
areas of bone. Sickle cell anemia may present with low hemoglobin and can result in elevated
MCHC. However, sickle cell anemia would show sickle cells or target cells on the peripheral smear
rather than spherocytes.
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Question # 21

A 33-year-old woman is brought to the emergency department 30 minutes after being rescued from a
fire in her apartment. She reports nausea, headache, and dizziness. Physical examination shows black
discoloration of her oral mucosa. Pulse oximetry shows an oxygen saturation of 99% on room air. The
substance most likely causing symptoms in this patient primarily produces toxicity by which of the

following mechanisms?

Answer

Image

A || Competitive binding to heme

B || Rise in serum pH

C Oxidation of F eZJr

D || Degradation of 2,3-bisphosphoglycerate

E || Inhibition of mitochondrial complex V
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Hint

Poisoning with this substance can cause a cherry-red skin color.
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Correct Answer

Explanation Why

This patient's presentation is consistent with carbon monoxide poisoning. Nausea, headache,
worsening dizziness, and history of exposure to a domestic fire strongly suggest CO exposure. CO is
a colorless, odorless, and tasteless gas with much greater affinity for hemoglobin than oxygen. The
resulting carboxyhemoglobin that forms has a decreased oxygen-carrying capacity, which shifts the
oxygen dissociation curve to the left, decreasing the release of oxygen to tissues. Common findings
in CO poisoning include a “cherry-red” skin tone and metabolic acidosis. Pulse oximetry oxygen
saturation, as seen in this patient, is characteristically normal. Patients should receive 100% or
possibly hyperbaric O3 to offset CO bound to heme.

B - Rise in serum pH

Explanation Why

A rise in serum pH might be seen in respiratory alkalosis due to an increase in respiratory rate and/or
tidal volume. This alveolar hyperventilation leads to CO2 washout, causing a shift to the left in the
oxygen dissociation curve. This shift could induce tissue hypoxia, manifesting with nausea,
headache, and dizziness, which are seen in this patient. However, a rise in serum pH would not be
caused by smoke inhalation injury.

C - Oxidation of Fe2+

Explanation Why

Oxidation of ferrous iron (Fe2+) to ferric iron (Fe3+) results in the formation of methemoglobin.
Methemoglobinemia can be caused by poisoning with nitrates (most common), oxidant drugs,

chemicals, or toxins. Fe>™ has a reduced affinity for binding oxygen, making methemoglobin a poor
oxygen transporter. This results in tissue hypoxia, which can manifest with nausea, headache, and
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dizziness, symptoms found in this patient. However, oxidation of Fe?" is not caused by smoke
inhalation injury.

D - Degradation of 2,3-bisphosphoglycerate

Explanation Why

Degradation of 2.,3-bisphosphoglycerate (2,3-BPG) by 2.3-BPG phosphatase to form
3-phosphoglycerate is a way around one step of glycolysis at the expense of one ATP. 2,.3-BPG
tightly binds to deoxyhemoglobin to promote oxygen release to peripheral tissues. It loosely binds to
oxygenated hemoglobin to keep oxygen bound to hemoglobin in the lungs. Reduced 2.3-BPG shifts
the oxygen dissociation curve to the left, causing tissue hypoxia. This can manifest with nausea,
headache, and dizziness, which are seen in this patient. However, degradation of
2.3-bisphosphoglycerate is not caused by smoke inhalation injury.

E - Inhibition of mitochondrial complex V

Explanation Why

Inhibition of mitochondrial complex V is consistent with oligomycin use. Oligomycin inhibits ATP
synthase, which decreases the ATP synthesis needed for energy and intracellular reactions. This lack
of oxidative phosphorylation leads to increased anaerobic glycolysis, causing lactic acidosis, which
can manifest with nausea and headache. However, inhibition of mitochondrial complex V is not
caused by smoke inhalation injury. The substance most likely causing symptoms in this patient
inhibits mitochondrial complex IV (cytochrome C oxidase), not complex V.
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Question # 22

A 33-year-old woman is brought to the emergency department after she was involved in a high-speed
motor vehicle collision. She reports severe pelvic pain. Her pulse is 124/min and blood pressure is

80/56 mm Hg. Physical examination shows instability of the pelvic ring. As part of the initial emergency
treatment, she receives packed red blood cell transfusions. Suddenly, the patient starts bleeding from
peripheral venous catheter insertion sites. Laboratory studies show decreased platelets, prolonged
prothrombin time and partial thromboplastin time, and elevated D-dimer. A peripheral blood smear of

this patient is most likely to show which of the following findings?

Answer

Image

Erythrocytes with irregular,
thorny projections

Elongated, tear-drop shaped
erythrocytes

Oc
(]

- 6(? iq)()c
®050°

00 @
,Jc_"’o

)

O 00
o (]
° ,0&)‘38"

0

o %‘E) ole o © °°.° )

o 2200 ‘ 0.©

()‘5() Eb O() Qe {
a9 o ¥

© 0 O %00 ° °%e 4
) on ff Lab

(-

.0 ce* ° ‘
069 0.%% 0. %< o

OoOQQOh o 06;9)00'
e 6 %egqg 2e? 0 O 0 of
i D()0 COO ° o®0p¢
o PY0 0 40 % 0.®0

C-OO © 0404 OOO Q
000°%S 900 ;2098 o 8

= { - (7 o ¥ A

-€§3 ‘{CAN() Ck} o o [

ooc® “ © o, O

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Answer

Image

Crescent-shaped, fragmented
erythrocytes

Grouped erythrocytes with a
stacked-coin appearance

Erythrocytes with a bullseye
appearance
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Answer

Image

Erythrocytes with cytoplasmic
hemoglobin inclusions
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Hint

This patient's decreased platelets, prolonged PT and PTT, and elevated D-dimer indicate disseminated
intravascular coagulation (DIC), most likely caused by an acute hemolytic transfusion reaction (AHTR)
secondary to ABO incompatibility.
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Correct Answer

A - Erythrocytes with irregular, thorny projections

Image

Explanation Why

Erythrocytes with irregular, thorny projections describe acanthocytes, typically seen in liver disease
(e.g., alcoholic cirrhosis) or abetalipoproteinemia, a condition with decreased triglyceride and
cholesterol serum concentrations. Although thrombocytopenia and prolonged PT and PTT can be
associated with hepatic pathology, this patient does not present with signs of chronic liver disease.
Abetalipoproteinemia typically appears in infancy and include diarrhea, steatorrhea, and neurological

symptoms, none of which are seen in this patient. Acanthocytes are not associated with acute trauma,
AHTR, or DIC.
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B - Elongated, tear-drop shaped erythrocytes
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Explanation Why

Elongated, tear-drop shaped erythrocytes describe dacrocytes, typically seen in diseases with bone
marrow involvement (e.g., bone marrow metastasis, myelofibrosis) or thalassemia. None of these
conditions would explain the sudden spontaneous bleeding and laboratory changes in this patient.
Dacrocytes are not associated with acute trauma, AHTR, or DIC.
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Explanation Why

Crescent-shaped, fragmented erythrocytes describe schistocytes, which would be expected in this
patient presenting with DIC.
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D - Grouped erythrocytes with a stacked-coin appearance

Image

Explanation Why

Grouped erythrocytes with a stacked-coin appearance describe rouleaux formation, a nonspecific

diagnostic marker for multiple myeloma. While platelet count could be reduced by bone marrow
infiltration in multiple myeloma, this patient's acute onset of bleeding with prolonged PT and PTT
point are inconsistent with this condition. Rouleaux formation is not associated with acute trauma,

AHTR, or DIC.
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E - Erythrocytes with a bullseye appearance
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Explanation Why

Erythrocytes with a bullseye appearance describe target cells, which are typically seen in
hemoglobinopathies (e.g., thalassemia, hemoglobin C disease), liver disease, or asplenia. Although
thrombocytopenia and prolonged PT and PTT can be associated with liver disease, this would not
explain the acute nature of this patient's bleeding or elevated D-dimer. Target cells are not associated
with acute trauma, AHTR, or DIC.
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F - Erythrocytes with cytoplasmic hemoglobin inclusions

Image

Explanation Why

Erythrocytes with cytoplasmic hemoglobin inclusions describe Heinz bodies, typically seen in
glucose-6-phosphate dehydrogenase deficiency (G6PD deficiency) and alpha thalassemia. Platelet

counts, PT/PTT, and D-dimer levels would be expected to be normal in these conditions. Heinz

bodies are not associated with acute trauma, AHTR, or DIC.
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Question # 23

A 27-year-old woman, gravida 2, para 1, at 26 weeks' gestation comes to the emergency department
because of vaginal bleeding and epistaxis for the past 2 days. She missed her last prenatal visit 2 weeks
ago. Physical examination shows blood in the posterior pharynx and a uterus consistent in size with
23 weeks' gestation. Her hemoglobin concentration is 7.2 g/dL. Ultrasonography shows an intrauterine
pregnancy with a small retroplacental hematoma and absent fetal cardiac activity. Further evaluation is
most likely to show which of the following findings?

Answer

Image

A || Increased platelet count

B Increased antithrombin concentration

C || Decreased prothrombin time

D || Increased factor V concentration

E || Decreased partial thromboplastin time

F || Decreased fibrinogen concentration
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Hint

Both prolonged intrauterine fetal demise and placental abruption (as evidenced here by the finding of
retroplacental hematoma) are associated with increased risk of developing disseminated intravascular
coagulation, which can manifest with bleeding diathesis (as seen here).
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Correct Answer

A - Increased platelet count

Explanation Why

Increased platelets can be seen with post-splenectomy, anemia, inflammatory disorders, infection,
and hematologic malignancies (e.g., essential thrombocythemia, polycythemia vera, MDS). DIC,

however, causes platelet consumption and would be expected to manifest with thrombocytopenia

rather than thrombocytosis.

B - Increased antithrombin concentration

Explanation Why

Disseminated intravascular coagulation (DIC) is characterized by systemic consumption of both
procoagulant and anticoagulant factors. Further evaluation should, therefore, show decreased rather
than increased serum levels of antithrombin concentrations. Normal pregnancy is considered a
prothrombotic state and is characterized by a decrease in antithrombin, even in the absence of DIC.

C - Decreased prothrombin time

Explanation Why

DIC characterized by systemic activation of the clotting cascade with microthrombus formation and
subsequent exhaustion of all clotting factors, which would manifest with an elevated, not decreased
prothrombin time (PT).
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D - Increased factor V concentration

Explanation Why

DIC is characterized by systemic activation of the clotting cascade with microthrombus formation
and consumption of all clotting factors. Thus, DIC would manifest with a decreased, not an increased
factor V concentration.

E - Decreased partial thromboplastin time

Explanation Why

DIC is characterized by systemic activation of the clotting cascade with microthrombus formation
and consumption of all clotting factors. DIC would manifest with an elevated, not a decreased partial
thromboplastin time (PTT).

Explanation Why

DIC is characterized by systemic consumption of both procoagulant and anticoagulant clotting
factors, usually resulting in abnormal bleeding. Placental abruption and retained fetal products are
both risk factors for the development of DIC in pregnant women, due to systemic release of
thromboplastin and resultant dysregulation in the coagulation cascade. Other obstetric complications
that increase the risk for DIC include amniotic fluid embolism and pre-eclampsia. Additional
laboratory findings that may be seen in DIC include thrombocytopenia, increased PT and PTT,
increased bleeding time, increased D-dimer, and decreased factor V concentrations.
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Question # 24

An investigator is studying the role of different factors in inflammation and hemostasis. Alpha-granules
from activated platelets are isolated and applied to a medium containing inactive platelets. When
ristocetin is applied, the granules bind to Gplb receptors, inducing a conformational change in the
platelets. Binding of the active component of these granules to Gplb receptors is most likely responsible
for which of the following steps of hemostasis?

©

Platelet

Answer
A Platelgt
adhesion
B Platelet
aggregation
Local
C ..
vasoconstriction
Clotting factor
D .
activation
Platelet
E L
activation
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Hint

The factor that is stored in alpha-granules of platelets is von Willebrand factor (vWF).
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Correct Answer
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Explanation Why

also stored in the Weibel-Palade bodies of endothelial cells.
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After an endothelial injury, circulating vWF binds to exposed collagen and anchors platelets to
collagen with the Gplb receptor. This process, which is called platelet adhesion, is the first step in
thrombus formation. vWF also prevents the breakdown of factor VIII and plays a role in platelet
aggregation and the regulation of angiogenesis. In addition to the alpha-granules of platelets, vWF is
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B - Platelet aggregation

Explanation Why

Platelet aggregation occurs when the activated platelet GplIb/Illa receptor binds either fibrinogen or
vWE. Binding of vWF to Gplb mediates a different step in hemostasis.

C - Local vasoconstriction

Explanation Why

Local vasoconstriction after injury is not mediated by vWF, but by endothelin, a peptide that is
released from the damaged cells that plays a major role in primary hemostasis. Endothelin is not
involved in binding Gplb receptors or inducing conformational changes in platelets.

D - Clotting factor activation

Explanation Why

Clotting factors involved in the extrinsic coagulation pathway are activated by the tissue factor and
clotting factors involved in the intrinsic coagulation pathway are activated by collagen, certain
basement membrane proteins, activated platelets, and thrombin. vWF acts as a transporter of clotting
factor VIII but it does not play a role in clotting factor activation.

E - Platelet activation

Explanation Why

Platelet activation is not induced by vWF, but by adenosine diphosphate (ADP), thromboxane A2,
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calcium, or the platelet activating factor. These mediators also assist in platelet aggregation and
degranulation as well as vasoconstriction. However, they are not involved in binding to Gplb
receptors.
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Question # 25

A 16-year-old girl is brought to the emergency department because of lethargy and headache for the past
6 hours. Three days ago, she was started on dapsone and rifampin for the treatment of tuberculoid

leprosy. Her pulse is 115/min and respirations are 12/min. Physical examination shows bluish

discoloration of the lips and nail beds. A venous blood sample appears chocolate-colored and does not
change color when exposed to oxygen. Compared to a healthy child, arterial blood gas analysis in this
patient is most likely to show which of the following findings?

% Q02 saturation || Oz partial pressure || O2 content | Hb concentration
A || Normal normal increased increased
B || Normal normal decreased decreased
C || Decreased normal decreased normal
D || Decreased decreased decreased normal
E || Decreased normal decreased increased
Answer || Image
Al A
B |l B
C | C
D|| D
E || E
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Hint

In a patient undergoing treatment with dapsone, tachycardia, respiratory depression, cyanosis, and
chocolate-colored blood on venous sampling should raise suspicion for acute methemoglobinemia.
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Correct Answer

Explanation Why

These arterial blood gas findings are consistent with polycythemia vera (PV), a condition
characterized by an increase in erythrocyte count and thus hemoglobin (Hb) concentration. While
this results in an increased arterial O content, O partial pressure and O saturation remain normal
because these parameters mainly depend on the inhaled oxygen concentration, atmospheric pressure,
and gas exchange in the lungs, none of which is affected by increased Hb concentration. Classical
manifestations of PV include facial flushing and pruritus, neither of which is seen in this patient.
Moreover, respiratory depression, which is seen here, would not be expected.

Explanation Why

These arterial blood gas findings are consistent with anemia, which is characterized by low serum
concentrations of hemoglobin (Hb) and, as a consequence, reduced arterial O2 content. O2 partial
pressure and O7 saturation remain normal because these parameters mainly depend on the inhaled
oxygen concentration, atmospheric pressure, and gas exchange in the lungs, none of which is
affected by low Hb concentration. Anemia can cause tachycardia, which is seen in this patient, but
pallor rather than cyanosis would be expected. Moreover, chocolate-colored blood that does not
change color when exposed to oxygen is not seen in anemia.

Explanation But

Although prolonged or chronic methemoglobinemia may lead to erythrocytosis or polycythemia, this
patient has only been taking her medication for three days.

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Explanation Why

Methemoglobinemia is caused by an abundance of methemoglobin, an altered form of hemoglobin in

which ferrous iron (Fe2+) is oxidized to the ferric form (F e3+). Since Fe>" cannot bind oxygen,
arterial O2 saturation and total O2 content decrease. This leads to functional anemia, despite normal
hemoglobin concentrations. Patients with methemoglobinemia show clinical signs of cyanosis due to
poor tissue oxygenation. O2 partial pressure (PaO2), which reflects the concentration of dissolved
oxygen in plasma, is not affected. In patients prone to developing methemoglobinemia (e.g., patients
with G6PD deficiency), oxidant drugs such as dapsone and topical anesthetic drugs should be
avoided. Treatment consists of converting methemoglobin to hemoglobin by using reducing agents
such as methylene blue and vitamin C.

D-D

Explanation Why

These arterial blood gas findings are consistent with hypoxemia (e.g., due to impaired gas exchange
in the lungs). Impaired oxygenation of the blood decreases both the amount of oxygen dissolved in
the plasma (| PaO2) and the amount of oxygen bound to hemoglobin (| SaO32). As a result, the total
amount of oxygen transported by arterial blood (i.e., O2 content) will also be reduced. In states of
hypoxemia, the hemoglobin concentration is initially unaffected, but may eventually increase due to
stimulation of erythropoietin secretion. Hypoxemia can cause signs of cyanosis, which are seen here.
However, unlike this patient's blood sample, deoxygenated blood changes color to bright red upon
exposure to oxygen.

Explanation Why

These arterial blood gas findings are consistent with chronic carbon monoxide poisoning (e.g., from
cigarette smoke). Since carbon monoxide binds to hemoglobin (Hb) with much higher affinity than
oxygen (producing carboxyhemoglobin), it cannot easily be displaced. This results in a left shift of
the oxygen-hemoglobin dissociation curve, which impairs oxygen delivery to the tissues. The
amount of oxygen bound to Hb (SaO2) as well as the total arterial Oz content are reduced, while the
amount of dissolved oxygen in the plasma (PaO2) remains unaffected. Elevated erythropoietin
production secondary to chronic hypoxia induces an increase in Hb. Clinical findings of chronic
carbon monoxide include dizziness and seizures, neither of which is seen here. Moreover, based on
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this patient's history, there is no reason to expect prolonged exposure to CO.
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Question # 26

A 48-year-old man is brought to the emergency department 20 minutes after being rescued from a house
fire. He reports headache, metallic taste, abdominal pain, and nausea. He appears confused and agitated.
His pulse is 125/min, respirations are 33/min, and blood pressure is 100/65 mm Hg. Pulse oximetry on
room air shows an oxygen saturation of 98%. Physical examination shows a bright red color of the skin.
His breath smells of bitter almonds. Hyperbaric oxygen therapy and appropriate pharmacotherapy are
initiated. The expected beneficial effect of this drug is most likely due to which of the following

mechanisms?

Answer

Image

A || Reduction of ferric iron

B || Synthesis of 2,3-bisphosphoglycerate

C || Formation of methemoglobin

D || Dissociation of carboxyhemoglobin

E || Inhibition of cytochrome c oxidase
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Hint

This patient's headache, abdominal pain, altered mental status, tachycardia, shortness of breath, bright
red skin tone, and breath smelling of bitter almonds with a normal pulse oximetry is most likely caused
by cyanide exposure from the house fire. One approach in the treatment of cyanide toxicity includes
giving nitrites (e.g., sodium nitrite).
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Correct Answer

A - Reduction of ferric iron

Explanation Why

Reducing a ferric iron (Fe3 +) to a ferrous iron (Fez+) is the goal of treatment in methemoglobinemia.
The ferrous ion is the site of oxygen binding in hemoglobin, so it is necessary to restore the correct
oxidation state of iron for effective delivery of oxygen to peripheral tissues. Methylene blue is
indicated to treat methemoglobinemia by this mechanism, but it has no role in treating cyanide

toxicity.

B - Synthesis of 2,3-bisphosphoglycerate

Explanation Why

Synthesis of 2,3-BPG, an intermediate molecule in the glycolysis pathway, would cause the
oxyhemoglobin dissociation curve to shift to the right. Although this would increase oxygen delivery
to tissues by stabilizing the deoxygenated form of hemoglobin, this molecule is not available as a
pharmaceutical, and it is not used in the treatment of cyanide toxicity.

Explanation Why

Cyanide impairs the mitochondrial enzyme cytochrome c oxidase, leading to histotoxic hypoxia.
Clinically, this manifests as headache, altered mental status, tachycardia, flushed skin, and almond-
scented breath. Nitrites oxidize hemoglobin into methemoglobin, which binds cyanide, thereby
allowing oxidative phosphorylation to resume and symptoms to improve. Other important treatments
include hydroxocobalamin (which binds cyanide to form the harmless compound cyanocobalamin)
and sodium thiosulfate (converts cyanide to thiocyanide, which is then safely excreted).
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D - Dissociation of carboxyhemoglobin

Explanation Why

The dissociation of carboxyhemoglobin from physiologic hemoglobin is desirable in patients
suffering from carbon monoxide poisoning and is achieved by administering 100% oxygen or
hyperbaric oxygen. CO poisoning, like cyanide poisoning, also causes altered mental status, red/
flushed skin, tachypnea, and a normal pulse oximetry. However, it cannot account for this patient's
almond-scented breath. Although this patient should be empirically treated for this poison as well, a
different mechanism underlies cyanide toxicity treatment.

E - Inhibition of cytochrome ¢ oxidase

Explanation Why

Inhibition of cytochrome c oxidase, a mitochondrial enzyme, impairs oxidative phosphorylation and
leads to histotoxic hypoxia. This is the mechanism of cyanide toxicity, so the goal of treatment
would be to reverse this process. Other agents, such as azide, also poison cells via this process.

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Question # 27

A 27-year-old man comes to the physician for a follow-up evaluation. Two days ago, he was involved in
a physical altercation and sustained a bruise on his left arm and an injury to his left shoulder. Initially,

there was a reddish-purple discoloration on his left upper arm. A photograph of the left upper arm today
is shown. Which of the following enzymes is most likely responsible for the observed changes in color?

Answer

Aminolevulinate
dehydratase

Bilirubin UDP-
glucuronosyltransferase

Porphobilinogen
deaminase
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Answer

3 H,
o
3 3NADP*
+ +
3 NADPH + H" +Fe?’

Heme oxygenase

Heme Biliverdin
(red) (green)

Uroporphyrinogen
decarboxylase
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Hint

The change from reddish-purple to a greenish color reflects a step in the breakdown of hemoglobin.
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Correct Answer

A - Aminolevulinate dehydratase

Explanation Why

Aminolevulinate dehydratase is the second enzyme of the pathway of heme biosynthesis and
converts aminolevulinic acid (ALA) to porphobilinogen. It is not involved in hemoglobin breakdown
and therefore not responsible for the color changes of hematomas.

B - Bilirubin UDP-glucuronosyltransferase

Explanation Why

Bilirubin UDP-glucuronosyltransferase catalyzes the conjugation of bilirubin to glucuronic acid. The
water-soluble, conjugated bilirubin can then be excreted via bile into the intestine or in urine.
Deficiency of this enzyme (Gilbert syndrome) can lead to an increase in unconjugated bilirubin,
causing jaundice. However, the enzyme is not involved in the breakdown of hemoglobin.

C - Porphobilinogen deaminase

Explanation Why

Porphobilinogen deaminase is a cytosolic enzyme that catalyzes the third step in heme biosynthesis,
in which four molecules of porphobilinogen are condensed to form hydroxymethylbilane. A
deficiency causes acute intermittent porphyria. While accumulation of porphyrins in the skin might
cause it to turn red, porphobilinogen deaminase is not involved in hemoglobin breakdown and
therefore is not responsible for the color changes of hematomas.
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Explanation Why

Immediately after trauma, blood collects outside of the blood vessel (released hemoglobin), which
results in a red hematoma. After 24-96 hours, the hematoma darkens and can appear purple or blue/
black. This is due to blood coagulation and the degradation of hemoglobin into bile pigment. After
4-7 days, the hematoma becomes dark green as the heme part of hemoglobin is broken down into
biliverdin by the enzyme heme oxygenase. After 7 days, biliverdin is broken down into bilirubin by
the enzyme biliverdin reductase and the hematoma appears yellow or brownish.

E - Uroporphyrinogen decarboxylase

Explanation Why

Uroporphyrinogen decarboxylase is the fifth enzyme in the pathway of heme biosynthesis and
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converts uroporphyrinogen III to coproporphyrinogen III. It is not involved in heme breakdown. A
deficiency leads to accumulation of uroporphyrinogen and resulting porphyria cutanea tarda. While
accumulation of porphyrins in the skin might cause it to turn red, uroporphyrinogen decarboxylase is
not responsible for the color changes of hematomas.
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Question # 28

Three hours after undergoing a total right hip replacement, a 71-year-old woman has tingling around the
lips and numbness in her fingertips. Her surgery was complicated by unintentional laceration of the right
femoral artery that resulted in profuse bleeding. She appears uncomfortable. Examination shows an
adducted thumb, extended fingers, and flexed metacarpophalangeal joints and wrists. Tapping on the
cheeks leads to contraction of the facial muscles. Which of the following is the most likely cause of this
patient's symptoms?

Answer Image

A || Acute kidney injury

B Calcium chelation

C || Hypoalbuminemia

D || Intravascular hemolysis

E || Parathyroid ischemia

F Metabolic acidosis
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Hint

This patient's numbness of her fingers and perioral region, carpopedal spasm, and positive Chvostek
sign are indicative of hypocalcemia.
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Correct Answer

A - Acute kidney injury

Explanation Why

Acute kidney injury (AKI) is unlikely to cause the acute hypocalcemia seen in this patient even
though profuse bleeding and subsequent systemic hypotension puts her at risk for AKI (or a clinical
prerenal azotemia). However, secondary hyperparathyroidism resulting in normal to decreased serum
calcium levels is often seen in patients with chronic kidney disease.

Explanation Why

The chelation of calcium by citrate is the cause of hypocalcemia following massive blood
transfusion. Citrate is an anticoagulant that is central to the storage of blood products. During
transfusion, citrate prevents activation of the clotting cascade by chelating free extracellular calcium
(a necessary cofactor for many steps in the coagulation cascade), resulting in transient hypocalcemia
post-transfusion. In patients with symptomatic hypocalcemia, as seen here, calcium replacement
therapy must be administered.

C - Hypoalbuminemia

Explanation Why

Because about half of the total serum calcium is bound to proteins, hypoalbuminemia will decrease
the total calcium levels. However, ionized (or free) calcium concentrations are regulated hormonally
and thus will not be affected. Since only ionized calcium is biologically active, hypocalcemia due to
hypoalbuminemia usually is asymptomatic (pseudohypocalcemia) and would not explain this
patient's symptoms.
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D - Intravascular hemolysis

Explanation But

An acute hemolytic transfusion reaction requires immediate cessation of transfusion and supportive
care.

Explanation Why

Intravascular hemolysis following massive blood transfusion is concerning for an acute hemolytic
transfusion reaction due to ABO incompatibility. Affected patients will present within 1 hour of
transfusion with hyperkalemia and hyperphosphatemia, caused by destruction of donor RBCs by
recipient antibodies. Symptoms include fever, flushing, pruritus, flank pain, dyspnea and a burning
pain at the IV site; none of which are present in this patient. Hemoglobinuria and subsequent renal
tubular necrosis may follow. Hypocalcemia, however, does not typically occur as part of an acute
hemolytic transfusion reaction.

E - Parathyroid ischemia

Explanation Why

Parathyroid ischemia leads to hypocalcemia due to decreased release of parathyroid hormone. The
most common cause is damage to the parathyroid glands during anterior midline surgeries or
thyroidectomies. Although this patient's profuse bleeding and subsequent systemic hypotension may
have caused tissue ischemia, a selective affection of the parathyroid glands is unlikely, as watershed
areas in the GI tract and brain are far more susceptible to ischemia.

F - Metabolic acidosis

Explanation Why

Metabolic acidosis reduces the affinity of albumin to bind calcium in the serum, resulting in
increased serum levels of ionized (or free) calcium levels, i.e. hypercalcemia. Unlike this patient's
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presentation, hypercalcemia manifests with symptoms such as bone pain, myalgia, abdominal pain,
constipation, polyuria, and neuropsychiatric abnormalities. Symptomatic hypocalcemia could,
however, be caused by metabolic alkalosis leading to an increased albumin-calcium binding.
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Question # 29

A previously healthy 61-year-old man comes to the physician because of a 3-month history of
intermittent fever, easy fatiguability, and a 4.4-kg (9.7-1b) weight loss. Physical examination shows
conjunctival pallor. The spleen is palpated 5 cm below the left costal margin. Laboratory studies show a

leukocyte count of 75,300/mm3 with increased basophils, a platelet count of 455,000/mm3 ,and a
decreased leukocyte alkaline phosphatase score. A peripheral blood smear shows increased numbers of
promyelocytes, myelocytes, and metamyelocytes. Which of the following is the most likely diagnosis?

Answer Image

Leukemoid
reaction
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Chronic
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Answer

Image

Essential
thrombocythemia

Chronic myeloid
leukemia

Acute
promyelocytic
leukemia
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Hint

Cytogenetic studies would likely show the presence of the BCR-ABL (Philadelphia chromosome) fusion
gene in this patient.
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Correct Answer

A - Leukemoid reaction

Explanation Why

Leukemoid reaction describes the acute response of the human immune system to stress or an
infection. It manifests as severe leukocytosis with a left shift and subsequent increase in precursor
cells of leukocytes, such as band cells. Although this patient does present with a high WBC count
and intermittent fever, the leukocyte alkaline phosphatase score would be high in contrast to this
patient's diminished level. Moreover, a leukemoid reaction is not associated with the BCR-ABL
fusion protein.

B - Acute lymphoblastic leukemia

Image

A

P N T
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Explanation Why

Acute lymphoblastic leukemia (ALL) is the most common malignancy in children and may rarely
occur in adults. Up to 30% of adults diagnosed with ALL are associated with the BCR-ABL fusion
gene. Although ALL features symptoms similar to this patient's findings (B symptoms,
splenomegaly, and anemia), it commonly presents with painless lymphadenopathy or mediastinal
invasion. Moreover, ALL is not associated with thrombocytosis or myeloid progenitor cells on a
blood smear. Instead, small cells with a slightly indented nucleus (lymphoblasts) would be expected.

C - Chronic lymphocytic leukemia

Image

Explanation Why

Chronic lymphocytic leukemia is the most common form of leukemia in adults and is associated with
B symptoms, splenomegaly, and signs of anemia as seen in this patient. However, painless
lymphadenopathy, a hallmark of CLL, is absent in this patient. Blood analysis would be expected to
show persistent lymphocytosis with smudge cells and thrombocytopenia in contrast to this patient's
lab findings. Moreover, CLL is not associated with the BCR-ABL fusion protein.
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D - Polycythemia vera

Explanation Why

Polycythemia vera may present with constitutional symptoms and splenomegaly as seen in this
patient. However, signs of anemia would not be expected, since this condition is characterized by
elevated levels of all cell lines. Consequently, symptoms such as plethora, hyperviscosity syndrome,
and pruritus are common. As a myeloproliferative disorder, polycythemia vera is almost always
caused by JAK2 mutations but is not associated with the BCR-ABL fusion protein. Moreover, LAP
would be high, and a blood smear would not show intermediate forms of leukocytes.

E - Essential thrombocythemia

Explanation Why

Essential thrombocythemia presents with thrombocytosis and splenomegaly as seen in this patient.
However, extreme leukocytosis with a presence of progenitor cells on peripheral smear would not be
expected. Moreover, this condition typically causes recurrent thromboembolic events, vasomotor
symptoms, acute gouty arthritis, and petechial bleeding. As a myeloproliferative disorder, essential
thrombocythemia is commonly caused by JAK2 mutations but is not associated with the BCR-ABL
fusion protein.

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Explanation Why

Chronic myeloid leukemia, which is caused by a Philadelphia translocation resulting in the formation
of a BCR-ABL fusion gene, presents variably depending on its clinical phase. The chronic phase,
which this patient is likely in, may go unnoticed for years but eventually manifests with B symptoms
and remarkable splenomegaly in the absence of lymphadenopathy. Blood analysis typically reveals
thrombocytosis, basophilia, and eosinophilia, as well as extreme leukocytosis with an increased
number of progenitor cells, namely promyelocytes, myelocytes, and metamyelocytes. In contrast to
other forms of leukemia, leukocyte alkaline phosphatase is characteristically low.
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G - Acute promyelocytic leukemia

Image

Explanation Why

Acute promyelocytic leukemia (APL), the M3 subtype of acute myeloid leukemia (AML), may
manifest similarly to this patient's presentation with splenomegaly and signs of anemia such as
fatigue and conjunctival pallor. However, thrombocytosis and extreme leukocytosis with the
presence of progenitor cells would not be expected on lab analysis. In contrast, APL is characterized
by a leukemic hiatus and Auer rods on blood smear. Moreover, it is not associated with the BCR-
ABL fusion protein.
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Question # 30

A 3-year-old boy is brought to the physician by his mother because of a 2-week history of generalized

fatigue, intermittent fever, and occasional bleeding from his nose. His temperature is 38.3°C (100.9°F).
He appears pale. Physical examination shows cervical lymphadenopathy and multiple petechiae on his
trunk. The spleen is palpated 3 cm below the left costal margin. His hemoglobin concentration is

9.3 g/dL, leukocyte count is 63,000/mm3, and platelet count is 30,000/mm3. A bone marrow aspirate

predominantly shows immature leukocytes that stain positive for CD10, CD19, and terminal

deoxynucleotidyl transferase (TdT), and negative for myeloperoxidase. Which of the following is the

most likely diagnosis?

Answer

A || Hodgkin lymphoma

B || Hairy cell leukemia

Acute myelomonocytic
leukemia
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Answer Image
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Acute megakaryoblastic
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T-cell chronic lymphocytic
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Hint

This is the most common childhood malignancy.
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Correct Answer

A - Hodgkin lymphoma

Explanation Why

Hodgkin lymphoma (HL) is a malignant lymphoma that is typically of B-cell origin and manifests
with painless lymphadenopathy, thrombocytopenia, and fever. Histological analysis of affected
lymph nodes would characteristically reveal pathognomonic Reed-Sternberg cells, which are CD15
and CD30 positive. However, the CD10 (also known as CALLA) and CD19 seen in this patient's
sample would not be found.
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B - Hairy cell leukemia

Image

Explanation Why

Hairy cell leukemia is a disorder of mature B cells that manifests with generalized fatigue,
intermittent fever, petechiae, and occasional bleeding, which are seen in this patient. However, it
would test positive for CD25, CD103, CDl1lc, tartrate-resistant acid phosphatase (TRAP), and in
some cases CD10. Because hairy cell leukemia is a disorder of B cells, affected patients may also test
positive for other B-cell markers such as CD19, CD20, and CD22, but not for the TdT seen in this
patient. Additionally, hairy cell leukemia is more common in adults, and a bone marrow aspirate
would show hairy cells.
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C - Acute myelomonocytic leukemia

Explanation Why

Acute myelomonocytic leukemia (AMML) is a form of acute myeloid leukemia (AML)
characterized by the proliferation of both neutrophil and monocyte precursors. AMML would
manifest with generalized fatigue, intermittent fever, petechiae, and occasional bleeding, which are
seen in this patient. However, AML is more common in adults, and bone marrow aspirates would be
positive for myeloperoxidase. Other important markers seen in AML include CD13, CD33, CD34,
and CD117, as well as positive HLA-DR expression, none of which were found in this patient.

Image

Explanation Why

Acute lymphoblastic leukemia (ALL) is the most common childhood malignancy, originating from B
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cells in 80-85% of cases and from T cells in 15-20% of cases. Pre-B-cell ALL is characterized by
CD10 (also known as CALLA), CD19, and terminal deoxynucleotidyl transferase (TdT) markers, as
seen in this patient. Other important markers in B-cell ALL are CD20, CD22, and CD79a.

E - Acute megakaryoblastic leukemia

Explanation Why

Acute megakaryoblastic leukemia (AMKL) is a form of acute myeloid leukemia (AML)
characterized by a majority of blasts being megakaryoblastic. AMKL would manifest with
generalized fatigue, intermittent fever, petechiae and occasional bleeding, as seen in this patient.
However, it is typically found in adults, and bone marrow aspirate would be positive for
myeloperoxidase. Other important markers seen in AML include CD13, CD33, CD34, and CD117,
as well as positive HLA-DR expression, none of which were found in this patient.

F - T-cell chronic lymphocytic leukemia

Explanation Why

T-cell chronic lymphocytic leukemia manifests with generalized fatigue, intermittent fever,
petechiae, and occasional bleeding, as seen in this patient. However, it is more common in adults,
and affected patients are usually positive for CD2—CD5 as well as CD7 and CDS. Furthermore, the
CD10 (also known as CALLA) and CD19 seen in this patient would not be present in T-cell chronic
lymphocytic leukemia.
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Question # 31

A 59-year-old woman with a history of chronic kidney disease comes to the physician for a 3-month
history of easy fatiguability. Physical examination shows subconjunctival pallor. Her hemoglobin

concentration is 8.9 g/dL, mean corpuscular volume is 86 um3, and serum ferritin is 110 ng/mL.
Treatment with erythropoietin is begun. A peripheral blood smear is obtained one week after treatment.
A photomicrograph of the smear after specialized staining is shown. The prominent color of the
intracellular structure in some of the cells is most likely the result of staining which of the following?

Answer

Image

A || Ribosomal RNA

B || Denatured globin chains

C || Golgi apparatus
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Answer

Image

Remnants of the nucleus

Lysosomes

Mitochondria

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Hint

This patient presenting with normocytic anemia was administered erythropoietin (EPO) to stimulate
erythropoiesis. This resulted in an increased number of serum reticulocytes seen on this patient's blood
smear, which still contain certain basic, intracellular entities that stain brightly with methylene blue.
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Correct Answer

Explanation Why

Reticulocytes are precursor RBCs released 1-2 days prior to maturation and contain ribosomal RNA
still remaining from development that would not ordinarily be present in RBCs. This large, basic
molecule is easily visualized with methylene blue staining or Wright stains (contain methylene blue),
along with other nuclear components.

B - Denatured globin chains

Explanation Why

Accumulation of denatured globin chains or Heinz bodies in mature erythrocytes can be visualized in
samples from individuals with G6PD deficiency. This patient is presenting with chronic anemia from
kidney disease, not the episodic hemolytic anemia characteristic of patients with G6PD deficiency
after exposure to oxidizing drugs (e.g., sulfamethoxazole).

C - Golgi apparatus

Explanation Why

The Golgi apparatus and other organelles are present in immature erythroblasts but are lost during
the development of reticulocytes.
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D - Remnants of the nucleus

Explanation Why

Nuclear remnants are present in the immature erythroblasts and stain positive for methylene blue.
However, nuclear ejection occurs during the development of reticulocytes, meaning remnants of the
nucleus would no longer be expected in these cells. In a small minority of RBCs, basophilic nuclear
remnant may be present as Howell-Jolly bodies, but these are quickly removed by macrophages in
the spleen. Thus, HJBs serve as a marker for patients with asplenia, but this patient has no such
history.

E - Lysosomes

Explanation Why

Lysosomes are present in immature erythroblasts but are lost during the development of
reticulocytes.

F - Mitochondria

Explanation Why

Accumulation of iron in the mitochondria of abnormal erythroblasts allows for mitochondrial
visualization on staining. This is seen in microcytic sideroblastic anemia as the result of excess iron
deposition in bone marrow but is not seen in reticulocytes. Prussian blue staining would expose
excess 1ron.
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Question # 32

A 55-year-old man comes to the physician because of progressive daytime sleepiness and exertional
dyspnea for the past 6 months. Physical examination shows conjunctival pallor and several subcutaneous

purple spots on his legs. His hemoglobin concentration is 8.5 g/dL, leukocyte count is 3,000/mm3 , and

platelet count is 16,000/mm3. Which of the following laboratory values is most likely to be increased in

this patient?

Answer

Image

A || Haptoglobin concentration

B Transferrin concentration

C || Homocysteine concentration

D || Reticulocyte count

E || Erythropoietin concentration

F || Lactate dehydrogenase concentration
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Hint

A bone marrow biopsy of this patient would most likely show hypocellular, fat-filled bone marrow,
consistent with aplastic anemia.
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Correct Answer

A - Haptoglobin concentration

Explanation Why

Haptoglobin can act as an acute phase reactant and can therefore be elevated in various nonspecific
inflammatory states, but it is clinically especially useful in the diagnosis of intravascular hemolytic
anemia. When intravascular hemolysis causes free hemoglobin to be released into circulation,
haptoglobin forms a complex with the Hb; it is then phagocytosed by the reticuloendothelial system
and its content recycled. Thus, low haptoglobin levels indicate intravascular hemolytic anemia.
Increased haptoglobin concentration is not a feature of aplastic anemia.

B - Transferrin concentration

Explanation Why

Transferrin concentration varies inversely with iron stores and is therefore increased in iron
deficiency anemia. This patient's leukopenia and thrombocytopenia cannot be explained by iron
deficiency anemia alone. Instead, his presentation is concerning for aplastic anemia, in which iron
stores, and thus transferrin concentrations, are typically normal. In some cases, iron stores may even
be increased (due to lack of use) and transferrin levels decreased accordingly.

C - Homocysteine concentration

Explanation Why

Elevated homocysteine concentrations can be seen in vitamin B12 deficiency or folate deficiency.
Although deficiency of these vitamins can cause anemia (megaloblastic anemia), typically mild cases
of leukopenia and/or thrombocytopenia are only seen in severe cases. This patient's severe
pancytopenia is more likely due to aplastic anemia.
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D - Reticulocyte count

Explanation Why

The reticulocyte count can serve as a marker of effective erythropoiesis. An elevated reticulocyte
count can be seen in cases of increased RBC breakdown or loss. This patient's presentation is
concerning for aplastic anemia, in which bone marrow activity is drastically reduced. Therefore, his
reticulocyte count would be decreased rather than increased.

Explanation Why

This patient's presentation is concerning for aplastic anemia, as evidenced by laboratory results
demonstrating pancytopenia. A physiological response to anemia is an increase in erythropoietin
(EPO) production (hypoxia-induced EPO expression). Aplastic anemia is caused by bone marrow
failure resulting from a variety of etiologies, although most cases are idiopathic.

F - Lactate dehydrogenase concentration

Explanation Why

Lactate dehydrogenase (LDH) is a marker of cell breakdown. Its serum concentration is increased in
hemolytic anemia secondary to excessive RBC breakdown. This patient's leukopenia and
thrombocytopenia cannot be explained by hemolytic anemia. Instead, his presentation is concerning
for aplastic anemia, in which LDH levels are normal, as this condition results from bone marrow
failure rather than cell breakdown.
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Question # 33

A 72-year-old woman comes to the physician because of a 1-month history of progressive fatigue and
shortness of breath. Physical examination shows generalized pallor. Laboratory studies show:

Hemoglobin 5.8 g/dLL

Hematocrit 17%

Mean corpuscular volume || 86 Mm3

Leukocyte count 6,200/mm3 with a normal differential

Platelet count 240,000/mm3

A bone marrow aspirate shows an absence of erythroid precursor cells. This patient’s condition is most
likely associated with which of the following?

Answer Image
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Answer

Image

HDbF persistence

Thymic tumor

Lead poisoning
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Hint

Anemia with an absence of RBC precursors but normal production of platelets and WBCs indicates pure
red cell aplasia.
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Correct Answer

A - Cold agglutinins

Image
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“*Hemolytic anemias may also manifest as microcytic anemia with normal iron studies.
Explanation Why

Cold agglutinins can cause autoimmune hemolytic anemia, which manifests with normocytic
anemia, as seen in this patient. However, unlike this patient, erythroid precursor cells would be

present.

B - Polyomavirus infection

Explanation Why

JC virus and BK virus are both polyomaviruses, which can cause progressive multifocal
leukoencephalopathy in immunodeficient patients and nephropathy in kidney transplant recipients,
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respectively. However, none of them is associated with pure red cell aplasia. In contrast, parvovirus
B19 can cause pure red cell aplasia.

C - FANCA mutation

Explanation Why

FANCA mutation is associated with Fanconi anemia, which typically manifests in childhood with
pancytopenia (rather than pure red cell aplasia), developmental delay, skeletal, and organ
abnormalities (e.g., short stature, thumb and forearm malformations, café-au-lait spots, and
microcephaly). Furthermore, almost 50% of patients develop acute myeloid leukemia or
myelodysplastic syndrome in early adulthood.

D - HbF persistence

Explanation Why

HbF persistence with pure red cell aplasia is typically found in Diamond-Blackfan anemia. Unlike
this patient, Diamond-Blackfan anemia typically manifests in childhood with macrocytic,
non-megaloblastic anemia and congenital malformations (e.g., short stature, webbed neck, low set
ears, small jaw, and triphalangeal thumbs).
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Image

Explanation But

Treatment of pure red cell aplasia in this patient would include a thymectomy, RBC transfusions, and
additional medications such as corticosteroids, cyclosporine, or cyclophosphamide if surgery alone
does not lead to remission of the aplasia.

Explanation Why

Pure red cell aplasia (PRCA) in adults is most often idiopathic but can be associated with other
conditions. Thymoma, a thymic tumor, may cause a paraneoplastic syndrome that manifests with
PRCA. Although the pathophysiology of PRCA is not well-understood, it is thought to be related to
abnormal T-cell function and IgG antibodies that target erythroblasts and erythropoietin. PRCA may
also be associated with myelodysplastic syndrome, drugs (e.g., phenytoin, chloramphenicol), and
parvovirus B19 infection.
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F - Lead poisoning

Image

Explanation Why

Lead poisoning typically manifests with microcytic, hypochromic anemia as well as abdominal pain
(lead colic), Burton line, and/or paralysis of the radial or peroneal nerve (wrist drop/foot drop). This
patient has a normal MCV and lacks the other typical features of lead poisoning.
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Question # 34

A 46-year-old man comes to the physician because of a 1-week history of headache, muscle pain, and
recurrent fever spikes that occur without a noticeable rhythm. Two weeks ago, he returned from a
5-week-long world trip, during which he climbed several mountains in India, Africa, and Appalachia.
Chemoprophylaxis with chloroquine was initiated one week prior to the trip. Physical examination
shows jaundice. The spleen is palpated 2 cm below the left costal margin. His hemoglobin concentration
is 10 g/dL. A photomicrograph of a peripheral blood smear is shown. Which of the following agents is
the most likely cause of this patient's findings?

Answer

A || Trypanosoma cruzi
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Answer
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Answer

Image

F Plasmodium malariae

G || Chikungunya virus

H || Trypanosoma brucei

| Leishmania donovani
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Hint

This patient presents with flu-like symptoms, irregular fever spikes, splenomegaly, jaundice, anemia,
and a peripheral smear demonstrating inclusion bodies following an incubation period presumably of at
least 1 week. The most likely cause of this patient's presentation is an infection with an agent that is
transmitted by the Anopheles mosquito and is resistant to chloroquine.
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Correct Answer

A - Trypanosoma cruzi
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Explanation Why

Trypanosoma cruzi is a parasite endemic to Central and South America. Infection by this parasite
causes Chagas disease, which manifests with noncyclical fever, flu-like symptoms,
hepatosplenomegaly, and pancytopenia. A peripheral blood smear will show the circulating parasite.
Although this patient presents with similar symptoms, his fever pattern, travel regions, and peripheral
smear findings are inconsistent with Chagas disease.
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B - Plasmodium ovale
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Explanation Why

Plasmodium ovale is endemic to Sub-Saharan Africa and causes tertian malaria, which manifests
following an incubation period of at least 1 week with the symptoms described in this patient. While
a peripheral blood smear will show RBC inclusion bodies, the fever pattern in patients with P_ovale
is periodic, with spikes every 48 hours. It is also chloroquine-sensitive. This patient, on the other

hand, has an irregular fever pattern and an infection that is chloroquine-resistant, making P._ovale an
unlikely causal agent.
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Explanation Why

Plasmodium falciparum, the causal agent of falciparum malaria, is transmitted by the Anopheles
mosquito and is found on all continents except Europe. After an incubation period of at least 1 week,
it manifests with the symptoms described in this patient, including irregular fever spikes. Peripheral
blood smear demonstrates RBC inclusion bodies, as seen here. P._falciparum is also
chloroquine-resistant; a different prophylactic medication (e.g., atovagquone-proguanil) would,
therefore, have been needed to prevent infection.
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D - Babesia microti

Explanation Why

Babesia microti is a parasite spread by the Ixodes tick (deer tick), which is endemic to the Northeast
and upper Midwest regions of the United States. Babesiosis manifests with a noncyclical fever, flu-
like symptoms, hepatosplenomegaly, and anemia. A peripheral blood smear may show RBC
inclusion bodies but would more specifically show intra-erythrocyte rings with a maltese cross.
Although this patient presents with similar symptoms, his fever pattern and peripheral smear findings
are inconsistent with babesiosis.

E - Dengue virus

Explanation Why

Dengue virus is endemic to many tropical and subtropic areas, including India and parts of Africa,
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and manifests with a noncyclical, high-grade fever, flu-like symptoms, arthralgias, and headache
2—-10 days after infection, which is similar to this patient's presentation. However, recurring fever
spikes would be unusual, and this patient's peripheral smear findings are inconsistent with dengue
fever, which would exhibit show elevated lymphocytes and plasmacytoid cells.

F - Plasmodium malariae

Image

Explanation Why

Plasmodium malariae is endemic to Sub-Saharan Africa, Southeast Asia, Indonesia, and parts of
South America. It causes quartan malaria, which manifests after an incubation period with symptoms
similar to those described in this patient. A peripheral blood smear will also show RBC inclusion
bodies. The fever pattern in patients with P. malariae is periodic, with spikes every 72 hours. It is
also chloroquine-sensitive. This patient, on the other hand, has an irregular fever pattern and an
infection that is chloroquine-resistant, making P. malariae an unlikely causal agent.
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G - Chikungunya virus

Explanation Why

Chikungunya virus is endemic to Sub-Saharan Africa, Southeast Asia, and India. Infection manifests
with a noncyclical, high-grade fever, flu-like symptoms, and arthralgias. A peripheral blood smear
typically shows no abnormal findings. Although this patient presents with similar symptoms after
travel to an endemic region, his fever pattern and peripheral smear findings are inconsistent with
chikungunya fever.

H - Trypanosoma brucei

Image

Explanation Why

Trypanosoma brucei is a parasite endemic to Africa that causes Aftrican sleeping sickness, which
manifests with noncyclical fever, flu-like symptoms, lymphadenopathy, somnolence, and even coma.

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

A peripheral blood smear will show trypomastigote (the parasite). Although this patient presents with
similar symptoms after travel to an endemic region, his fever pattern, lack of lymphadenopathy and
somnolence, and peripheral smear findings are not consistent with African sleeping sickness.

I - Leishmania donovani

Explanation Why

Leishmania donovani is endemic to tropical and temperate regions. Leishmaniasis manifests with
noncyclical fever, flu-like symptoms, hepatosplenomegaly, and pancytopenia. A peripheral blood
smear will show macrophages containing amastigotes. Although this patient presents with similar
symptoms after travel, his fever pattern and peripheral smear findings are not consistent with
leishmaniasis.
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Question # 35

A 7-year-old girl is brought to the physician by her mother because of a 2-week history of generalized
fatigue, intermittent fever, and progressively worsening shortness of breath. Physical examination shows
pallor, jugular venous distention, and nontender cervical and axillary lymphadenopathy. Inspiratory
stridor is heard on auscultation of the chest. The liver is palpated 3 cm below the right costal margin.

Her hemoglobin concentration is 9.5 g/dL, leukocyte count is 66,000 mm3, and platelet count is

102,000 mm’. An x-ray of the chest shows a mediastinal mass. A bone marrow aspirate predominantly
shows leukocytes and presence of 35% lymphoblasts. Which of the following additional findings is most
likely in this patient?

Answer Image
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Answer
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Hint

This patient presents with features of acute lymphoblastic leukemia (painless lymphadenopathy,
hepatomegaly, anemia, thrombocytopenia, and leukocytosis with the presence of > 25% lymphoblasts).
The additional finding of a mediastinal mass, which is the most likely cause of this patient's stridor and
jugular distention, suggests thymic infiltration in the setting of T-cell ALL.

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Correct Answer

A - t(8;14) translocation

Explanation Why

A t(8; 14) translocation indicates Burkitt lymphoma (BL), an aggressive (high-grade) B-cell
lymphoma that most commonly occurs in children. It may manifest with painless lymphadenopathy,
hepatomegaly, fever, fatigue, anemia, thrombocytopenia, increased susceptibility to infections, and
leukocytosis. However, it is derived from B cells (CD20 positive), not T cells, which are present in
this patient's neoplasm. Additionally, in sporadic BL (nonendemic and non-HIV-related), a mass
would typically be located in the abdomen, potentially causing bowel obstruction instead of stridor.
Endemic BL most commonly occurs in equatorial Africa and South America, and HIV-associated
BL is more common in adults than children.

B - Smudge cells

Explanation Why

Smudge cells indicate chronic lymphocytic leukemia (CLL), a low-grade non-Hodgkin B-cell
lymphoma that is typically asymptomatic in the beginning but can manifest later with lymphocytosis,
fever, fatigue, painless lymphadenopathy, hepatomegaly, repeated infections, anemia, and
thrombocytopenia. Transformation of CLL into a fast-growing, diffuse, large B-cell lymphoma
(causing a mediastinal mass) can occur (Richter syndrome). However, while being the most common
leukemia in adults, especially in the elderly, CLL is not common in children. Furthermore, mature
lymphocytes would be increased, but not lymphoblasts.

C - Positive myeloperoxidase staining

Explanation Why

Positive myeloperoxidase staining indicates acute myelogenous leukemia (AML), which is
characterized by the proliferation of immature, nonfunctional cells in the bone marrow that are
released into the bloodstream and impair all other cell lines. AML manifests with hepatomegaly,
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anemia, clotting disorders, and increased susceptibility to infection. However, painless
lymphadenopathy and a mediastinal mass would not be seen. A bone marrow aspirate would show >
20% myeloblasts but no increase in lymphoblasts. Furthermore, AML is more common in adults than
children.

D - t(9;22) translocation

Image

Normal Translocation

' BCRgene Lo A i
ABL gene “ mumm (22911.2) 11 ' J BCR-ABL | _’

fusion gene

=

Chr.9 | Chr.22 Chr. 9g+ Ph. chr. 22g-

Explanation Why

A t(9; 22) translocation (the Philadelphia chromosome) in a child most likely indicates chronic
myeloid leukemia (CML). This translocation forms a BCR-ABL fusion gene. The increased activity
of this gene's product, a tyrosine kinase, promotes the unregulated proliferation of myeloid
progenitor cells seen in CML. This neoplasm can occur at any age (including childhood) and might
manifest with fever, fatigue, anemia, thrombocytopenia, leukocytosis, and/or increased susceptibility
to infection. However, CML does not typically cause lymphadenopathy, which is seen in this patient.
Also common in CML are basophilia and eosinophilia, which are not seen here. Additionally, CML
bone marrow aspirate findings would show granulocytosis, not an increase in lymphoblasts. A t(9;
22) translocation can also be associated with acute lymphoblastic leukemia (ALL) in children;
however, Philadelphia chromosome-positive ALL is uncommon and accounts for less than 5% of
pediatric ALL cases.
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E - Reed-Sternberg cells

Explanation Why

Reed-Sternberg cells indicate Hodgkin lymphoma, a malignant lymphoma that typically arises from
B cells. Hodgkin lymphoma can manifest with painless cervical lymphadenopathy, hepatomegaly,
fever, a mediastinal mass (lymph node mass), thrombocytopenia, leukocytosis, and/or anemia, all of
which resemble this patient's presentation. In Hodgkin lymphoma, however, an increase in
lymphoblasts would not be seen whereas eosinophilia is common. Furthermore, Hodgkin lymphoma
is prevalent in adults rather than young children.
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Explanation Why

Acute lymphocytic leukemia (ALL) is the most common malignant disease in children, with a peak
incidence at age 2—5 years. ALL arises from lymphoid cell lines and is characterized by the
proliferation of immature, nonfunctional cells in the bone marrow that are subsequently released into
the bloodstream. The excessive proliferation of immature blasts in the bone marrow impairs all other
cell lines, resulting in anemia, clotting disorders, and increased susceptibility to infections. ALL is
classified by its origin of the leukemic cells in either T-cell (15-20% of cases) or B-cell ALL. T-cell
ALL usually stains positive for CD2 through CDS5 as well as CD7 and CDS.
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Question # 36

A 32-year-old man is brought to the emergency department with fever, dyspnea, and impaired
consciousness. His wife reports that he has also had an episode of dark urine today. Two weeks ago, he
returned from a trip to the Republic of Congo. His temperature is 39.4°C (103°F), pulse is 114/min, and
blood pressure is 82/51 mm Hg. Physical examination shows scleral icterus. Decreased breath sounds
and expiratory crackles are heard on auscultation of the lungs bilaterally. His hemoglobin concentration
is 6.3 g/dL. A blood smear shows red blood cells with normal morphology and ring-shaped inclusions.
Further laboratory testing shows normal rates of NADPH production. Which of the following is the most
appropriate pharmacotherapy for this patient?

Answer Image

A || Proguanil

B || Primaquine

C Mebendazole

D || Chloroquine

E | Atovaquone

F || Dapsone

G || Artesunate
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Hint

This patient presents with features of severe malaria (shock, jaundice, pulmonary edema, impaired
consciousness, and significant anemia), which is most commonly caused by Plasmodium falciparum
(falciparum malaria).
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Correct Answer

A - Proguanil

Explanation Why

Proguanil is used for the treatment of chloroquine-resistant, uncomplicated P._falciparum infection
and for general malaria prophylaxis. It inhibits dihydrofolate reductase, the enzyme involved in
parasite reproduction. However, it is only given in combination with atovaquone (Malarone) and is
not used for the treatment of severe malaria.

B - Primaquine

Explanation Why

Primaquine is an antimalarial thought to generate reactive oxygen species that kill the intrahepatic
forms of Plasmodium vivax and Plasmodium ovale. However, it is only effective against the pre-
erythrocytic and gametocyte phases of Plasmodium falciparum and therefore is not used in the
treatment of severe falciparum malaria.

C - Mebendazole

Explanation Why

Mebendazole is an orally-administered, broad-spectrum antihelminthic drug that inhibits microtubule
synthesis and is used to treat nematode infections, including roundworm, hookworm, whipworm,
threadworm, pinworm, and the intestinal form of trichinosis. It is not used in the treatment of
malaria.
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D - Chloroquine

Explanation Why

Chloroquine is an antimalarial quinolone derivative that acts by inhibiting heme polymerase activity,
which results in accumulation of free heme. Heme buildup is toxic to parasites and to the cell by
disrupting membrane function and causing cell lysis. Chloroquine is used in the treatment of certain
malaria due to Plasmodium vivax and Plasmodium ovale, and in uncomplicated falciparum malaria
with susceptible Plasmodium falciparum. However, resistance among P._falciparum is high and it is
not recommended for the treatment of severe falciparum malaria.

E - Atovaquone

Explanation Why

Atovaquone is used for the treatment of chloroquine-resistant P._falciparum infection and for malaria
prophylaxis. It is used in combination with proguanil (Malarone), which inhibits dihydrofolate
reductase, the enzyme involved in parasite reproduction. However, atovaquone is not used for the
treatment of severe malaria.

F - Dapsone

Explanation Why

Dapsone is an antifolate antibiotic used in the treatment of chloroquine-resistant malaria but is not
used for the treatment of severe malaria. It inhibits folic acid synthesis and causes red blood cell
breakdown.
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Explanation Why

Artesunate is an antimalarial drug used for the treatment of severe falciparum malaria. Its
mechanisms of action are not fully understood but it most likely generates reactive oxygen species,
which cause oxidative stress and thereby damage malarial proteins. It also inhibits EXP1, a
membrane glutathione S-transferase, which in turn decreases the amount of glutathione in plasmodia.
Every patient should be screened for G6PD deficiency prior to initiation of therapy because
artesunate's mechanism of action increases the risk of hemolytic anemia in G6PD deficiency.
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Question # 37

A 45-year-old woman comes to the physician because of a 1-week history of fatigue and bruises on her
elbows. Examination shows a soft, nontender abdomen with no organomegaly. Laboratory studies show

a hemoglobin concentration of 7 g/dL, a leukocyte count of 2,000/mm3, a platelet count of 40,000/mm3,
and a reticulocyte count of 0.2%. Serum electrolyte concentrations are within normal limits. A bone
marrow biopsy is most likely to show which of the following findings?

Answer Image

Infiltration
of collagen
and fibrous
tissue

Sheets of
abnormal
plasma
cells
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Answer Image

Wrinkled
cells with a
fibrillary
cytoplasm

Hyperplasia
D || of
adipocytes

Increased
E | myeloblast
count

Dysplastic
bone with
ringed
sideroblasts
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Hint

This patient's symptoms and laboratory findings (i.e., fatigue due to anemia, bruising due to
thrombocytopenia, and leukocytopenia) indicate pancytopenia with a decreased reticulocyte count. In
the absence of splenomegaly, these findings indicate aplastic anemia.
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Correct Answer

A - Infiltration of collagen and fibrous tissue

Image

Explanation Why

Infiltration of the marrow with collagen and fibrous tissue is seen in conditions such as primary
myelofibrosis and hairy cell leukemia. A dry tap is therefore often found on bone marrow aspiration.
While both conditions can also present with pancytopenia, patients typically present with
hepatosplenomegaly due to extramedullary hematopoiesis.
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B - Sheets of abnormal plasma cells

Explanation Why

Sheets of abnormal plasma cells on bone marrow biopsy are indicative of multiple myeloma.
Although multiple myeloma can also present with pancytopenia and the resulting symptoms, it is
typically associated with additional features such as bone pain and hypercalcemia.
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C - Wrinkled cells with a fibrillary cytoplasm

Explanation Why

Wrinkled macrophages with a fibrillary cytoplasm are characteristic of Gaucher disease, which can
present with pancytopenia. However, patients with Gaucher disease usually present during
childhood, and other features such as hepatosplenomegaly, osteoporosis, and painful bone crises
would be present.

Explanation Why

Fat-filled marrow with a decreased number of precursors of all cell lines is characteristic of aplastic
anemia; a dry tap is therefore commonly found on bone marrow aspiration. Aplastic anemia is most
commonly idiopathic but can also be caused by medications (e.g., carbamazepine, NSAIDs),
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radiation, or viruses (e.g., parvovirus B19), may be inherited (e.g., Fanconi anemia), or occur as a
preleukemic condition. Bone marrow biopsy is used to confirm the diagnosis and to rule out other
important differential diagnoses such as leukemia. Treatment of aplastic anemia involves treatment
of the underlying cause (e.g., infection), if identifiable, as well as blood transfusions,
immunosuppressive therapy, and hematopoietic cell transplantation.

E - Increased myeloblast count

Explanation Why

An increased number of myeloblasts in the bone marrow is characteristic of acute myeloid leukemia
(AML), which would occur among adults and can cause anemia and thrombocytopenia. However, a
CBC in patients with AML would usually show an increased total leukocyte count due to the
presence of myeloblasts in peripheral blood.
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F - Dysplastic bone with ringed sideroblasts

Image

Explanation Why

Hypercellular, dysplastic bone marrow with ringed sideroblasts on bone marrow biopsy is found in
myelodysplastic syndrome (MDS). Although MDS can also present with pancytopenia, it usually
affects elderly patients or occurs secondary to an underlying condition (e.g., cytostatic therapy) and
is often associated with hepatosplenomegaly. Additionally, in contrast to this patient's condition,
MDS usually progresses slowly.
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Question # 38

A 57-year-old woman comes to the physician because of a 3-month history of easy fatigability and
dyspnea on exertion. Menopause occurred 5 years ago. Her pulse is 105/min and blood pressure is
100/70 mm Hg. Physical examination shows pallor of the nail beds and conjunctivae. A peripheral blood

smear shows small, pale red blood cells. Further evaluation is most likely to show which of the

following findings?

D || Positive stool guaiac test

Answer Image
A Increased concentration of
HbA2
B || Dry bone marrow tap
C Decreased serum haptoglobin
concentration
@

Decreased serum vitamin B9
concentration
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Answer

Image

Increased serum
methylmalonic acid
concentration
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Hint

Easy fatigability, exertional dyspnea, and pallor are nonspecific findings of anemia. Microcytic (small)
and hypochromic (pale) erythrocytes should raise suspicion for iron deficiency anemia. This patient's
cardiac symptoms indicate chronic or severe iron deficiency.

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Correct Answer

A - Increased concentration of HbA>

Explanation Why

An increased concentration of HbA? is seen in beta thalassemia, which causes microcytic,
hypochromic anemia due to a mutation in the B-globin gene. However, peripheral blood smear would
also show target cells and teardrop cells (dacrocytes). Moreover, since thalassemia is a genetic
disease, symptoms would likely have already appeared in early childhood. Furthermore, features of
hemolysis (jaundice, hepatosplenomegaly) and skeletal deformities (high forehead, prominent
zygomatic bones and maxilla) would be expected.

B - Dry bone marrow tap

Explanation Why

A dry bone marrow tap would be expected in primary myelofibrosis, a myeloproliferative neoplasm
that results bone marrow insufficiency, which may manifest with anemia. However, findings would
include splenomegaly and pancytopenia, and peripheral blood smear would show dacrocytes, not
microcytic and hypochromic erythrocytes.

C - Decreased serum haptoglobin concentration

Explanation Why

A decreased concentration of serum haptoglobin is seen in intravascular hemolysis, a form of
hemolysis in which RBCs are lysed within blood vessels, usually due to mechanical damage or
complement fixation. This would lead to anemia, which is seen in this patient. However, findings
would include signs of hemolysis (jaundice, hepatomegaly) and schistocytes on peripheral blood
smear.
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Explanation But

Other causes of iron deficiency anemia include inadequate intake (malnutrition), decreased
absorption (e.g., atrophic gastritis, IBD), and increased demand (e.g., during pregnancy).

Explanation Why

The most common cause of iron deficiency anemia in adult males and postmenopausal women is
chronic iron loss due to gastrointestinal bleeding. The stool guaiac test (fecal occult blood test)
allows blood in feces to be detected that is not visibly apparent and can therefore be used as a

screening tool for gastrointestinal bleeding (e.g., from a peptic ulcer).
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E - Decreased serum vitamin B9 concentration

Explanation Why

Decreased serum levels of vitamin B9 are seen in folate deficiency, which would manifest with
macrocytic, hyperchromic erythrocytes and hypersegmented neutrophils on blood smear
(megaloblastic anemia), not with microcytic, hypochromic erythrocytes.

F - Increased serum methylmalonic acid concentration

Explanation Why

An increased serum concentration of methylmalonic acid is seen in vitamin B12 deficiency, as
vitamin B12 is a cofactor of methylmalonyl CoA mutase, the enzyme that converts methylmalonyl
CoA to succinyl CoA. Vitamin B12 deficiency manifests with macrocytic, hyperchromic
erythrocytes and hypersegmented neutrophils on blood smear (megaloblastic anemia), not with
microcytic, hypochromic erythrocytes. Furthermore, neurological disturbances (e.g., paresthesia,
spasticity, ataxia, neuropsychiatric disorders) would be expected.
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Question # 39

A 16-year-old boy is brought to the physician because of a lesion that has been growing on his jaw over
the past several months. He recently immigrated to the USA from Kenya with his family. Physical

examination shows a 3-cm solid mass located above the left mandible. There is cervical

lymphadenopathy. Biopsy of the mass shows sheets of lymphocytes and interspersed reactive histiocytes
with abundant, clear cytoplasm and phagocytosed debris. Which of the following mechanisms is most
likely directly responsible for the malignant transformation of this patient's cells?

Answer

Image

A || Activation of transcription

B || Defect in DNA repair

C || Impairment of receptor function

D || Inhibition of apoptosis

E || Inhibition of cell cycle arrest

F || Integration of viral DNA
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Hint

In an adolescent from Africa, a growing jaw mass, cervical lymphadenopathy, and biopsy showing
lymphocytes and interspersed reactive histiocytes (“starry-sky appearance”) are all signs of Burkitt
lymphoma.
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Correct Answer

Image

Explanation Why

Burkitt lymphoma is an aggressive (high-grade) B-cell lymphoma that is characterized by the
translocation t(8;14). This translocation results in overexpression of the CMYC gene, which is a
proto-oncogene that codes for a transcription factor of the MYC family. The CMYC gene also plays
an important role in the regulation of cell proliferation, growth, apoptosis, and differentiation. The
subsequent activation of transcription may lead to malignant transformation and tumor growth. The
endemic form of Burkitt lymphoma, which typically involves the jaw, is most common in equatorial
Africa and South America and is virtually always associated with EBV.
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B - Defect in DNA repair

Explanation Why

DNA replication includes control mechanisms to keep the genetic information as stable as possible.
In certain breast cancers, for example, a loss-of-function mutation in the tumor suppressor genes
BRCAI or 2 will lead to DNA errors not being repaired, and, therefore, the occurrence of mutations
that may subsequently result in malignant transformation. A defect in DNA repair, however, is not
the mechanism that is directly responsible for the malignant transformation in Burkitt lymphoma.

C - Impairment of receptor function

Explanation Why

The impairment of receptor function can lead to nonreceptor function or altered receptor function
(loss-of-function mutation). For example, a single nucleotide polymorphism (SNP) caused by errors
during DNA replication can produce a point mutation in the receptor which controls the secretion of
growth hormone (GH). This leads to an uncontrolled GH secretion, which may play a role in the
development of tumors, e.g., lung cancer. However, impairment of receptor function is not directly
responsible for the malignant transformation in Burkitt lymphoma.

D - Inhibition of apoptosis

Explanation Why

In the cell cycle, there are defined checkpoints and transition points where the cell can be arrested.
The p53 tumor suppressor gene, for example, normally initiates apoptosis if DNA damage is present
after the G1 phase. Loss of pj3 function results in both the inhibition of apoptosis and unregulated
cell division, which play a role in the development of many cancer types. Inhibition of apoptosis,
however, is not the mechanism that is directly responsible for the malignant transformation in Burkitt
lymphoma.
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E - Inhibition of cell cycle arrest

Explanation Why

In the cell cycle, there are defined checkpoints and transition points at which the cell can be arrested.
For example, when DNA is damaged, retinoblastoma protein (pRb), which is a tumor suppressor, is
responsible for stopping the progression of G1 phase to S phase. Loss of function of pRb results in
both the inhibition of cell cycle arrest and unregulated cell division, which may lead to the
development of retinoblastoma. Inhibition of cell cycle arrest, however, is not the mechanism that is
directly responsible for the malignant transformation in Burkitt lymphoma.

F - Integration of viral DNA

Explanation Why

The integration of viral DNA into the host's genome causes genetic damage and chromosomal
instability, which contribute to oncogenesis. This plays an important role in the development of
hepatocellular carcinoma after infection with the hepatitis B virus. Burkitt lymphoma is associated
with the DNA virus EBV; however, EBV does not integrate its DNA into the host's genome and,
therefore, integration of viral DNA is not the mechanism that is responsible for the malignant
transformation of this patient's cells.
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Question # 40

A 7-year-old girl is brought to the physician by her mother because of a 5-day history of fever, fatigue,
and red spots on her body. Her temperature is 38.3°C (101.1°F), pulse is 115/min, and blood pressure is

100/60 mm Hg. Physical examination shows pallor and petechiae over the trunk and lower extremities.

Laboratory studies show a hemoglobin concentration of 7 g/dL, a leukocyte count of 2,000/mm3 ,a

platelet count of 40,000/mm3 , and a reticulocyte count of 0.2%. Peripheral blood smear shows
normochromic, normocytic cells. A bone marrow aspirate shows hypocellularity. Which of the
following is the most likely cause of this patient's findings?

Answer Image

A || Aplastic anemia

B || Multiple myeloma

C || Primary myelofibrosis

D || Idiopathic thrombocytopenic purpura

E || Acute lymphoblastic leukemia
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Hint

This patient's history of acute fever, fatigue, and rash is suggestive of a viral infection. Her lab values
demonstrating pancytopenia in conjunction with a decreased reticulocyte count, normal peripheral
smear, and bone marrow hypocellularity all likely stem from this infection.
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Correct Answer

Explanation Why

Aplastic anemia is the cause of this patient's pancytopenia, normocytic anemia, and dry tap. Viral
infections, either idiopathic (i.e., nontypeable or unknown virus, as in this case), EBV, or CMV are
known to cause aplastic anemia in otherwise healthy children. Noninfectious causes include drugs
(e.g., chloramphenicol, carbamazepine, or benzene), prior radiation, congenital conditions (e.g.,
Fanconi anemia or Shwachman-Diamond syndrome), and complications of leukemia. Parvovirus
B19 may also cause pure red cell aplasia or aplastic crisis, but these primarily occur in patients with
immunodeficiency or chronic hemolytic anemias, respectively.

B - Multiple myeloma

Explanation Why

Multiple myeloma classically presents with signs of hypercalcemia (e.g., abdominal pain), renal
impairment, anemia (e.g., shortness of breath, fatigue, or pallor), and bony lesions (CRAB criteria).
Peripheral smear characteristically shows rouleaux formations, and marrow aspiration demonstrates

abnormal populations of plasma cells. This condition is virtually unheard of in children, with a peak
6th

incidence in the decade.

C - Primary myelofibrosis

Explanation Why

Primary myelofibrosis is a condition that is very rare in childhood, with a peak incidence between

the 67" decades. Labs can demonstrate pancytopenia and bone marrow hypocellularity, but the
condition is chronic in nature and is often accompanied by splenomegaly. A peripheral smear would
demonstrate nucleated erythrocyte precursors and immature myeloid cells. This young patient has
both a different clinical course and a peripheral smear.
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D - Idiopathic thrombocytopenic purpura

Explanation Why

Idiopathic thrombocytopenic purpura (ITP) is an autoimmune disease targeting platelets, which
results in thrombocytopenia and causes bleeding manifestations. In ITP, there are normal RBC and
leukocyte counts, normochromic and normocytic cells on peripheral smear, and normal bone marrow
findings. This patient's pancytopenia and hypocellular marrow would be inconsistent with this
diagnosis.

E - Acute lymphoblastic leukemia

Explanation Why

Acute lymphoblastic leukemia (ALL), occurring most commonly in children aged 2—5 years,
presents with hepatosplenomegaly and B symptoms. Anemia, thrombocytopenia, and
hyperleukocytosis are common laboratory abnormalities and peripheral smear typically shows
granulocyte precursors and nucleated erythrocytes. Bone marrow aspirate would show
hypercellularity owing to neoplastic invasion, not hypocellularity as seen in this patient.
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Question # 1

A 47-year-old woman with metastatic breast cancer who is undergoing chemotherapy comes to the
physician for a follow-up exam. She reports extreme fatigue since beginning her chemotherapy regimen.
Her pulse is 98/min, respirations are 16/min, and blood pressure 1s 132/84 mm Hg. Her hemoglobin is

10.4 g/dL, leukocyte count is 800/mm”> with 5% monocytes, and platelet count is 50,000/mm3 . The
patient is started on a new medication. One week later, serum studies show a hemoglobin of 10.6 g/dL, a

leukocyte count of 2,000/mrn3 with 2% monocytes, and a platelet count of 56,000/mm3. Which of the
following drugs is the most likely cause of these findings?

Answer

Image

A || Aldesleukin

B Interferon beta

C || Filgrastim

Mast cells Jasoph Eosinophil  Neutrophil

]
CFU-Mega

D || Romiplostim

E || Sargramostim

F || Epoetin alfa
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Hint

After receiving this medication, the patient's total leukocyte count has increased substantially, but the
absolute monocyte count has remained unchanged at nearly 40 cells/mm”.
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Correct Answer

A - Aldesleukin

Explanation Why

Aldesleukin, which is a recombinant form of interleukin-2, stimulates helper T cells and can be used
as a treatment for certain malignancies (e.g., metastatic melanoma, renal cell carcinoma) or for
treatment of congenital T-cell immunodeficiencies. It is not indicated to increase leukocytes in
patients with leukopenia associated with chemotherapy.

B - Interferon beta

Explanation Why

Interferon beta is the mainstay of treatment for patients with multiple sclerosis because of its
immunomodulatory properties. This drug is not used to treat bone marrow failure due to

chemotherapy.
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Explanation Why

Filgrastim is a recombinant granulocyte-colony stimulating factor that is commonly used to reduce
the duration of chemotherapy-induced neutropenia. G-CSF stimulates common myeloid progenitor
to become myeloblasts, and then further induces myeloblast to become either neutrophils or
basophils. Unlike GM-CSF, which induces the differentiation of all myeloid leukocytes, G-CSF does
not promote myeloblasts to differentiate into either monocytes or eosinophils.

D - Romiplostim

Explanation Why

Romiplostim is a thrombopoietin receptor agonist used to stimulate thrombocyte production in
patients with sustained thrombocytopenia. However, it would have led to an isolated increase in
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thrombocytes instead of the increased WBC count seen in this patient.

E - Sargramostim

Explanation Why

Sargramostim, which is a recombinant granulocyte-monocyte colony-stimulating factor, is used to
treat chemotherapy-induced neutropenia and would increase the leukocyte count. However, it would
also increase the absolute monocyte count. This patient's isolated increase in granulocytes with a
static absolute monocyte count is inconsistent with sargramostim use.

F - Epoetin alfa

Explanation Why

Epoetin alfa, which is recombinant erythropoietin, can be used for patients with
chemotherapy-induced anemia. This woman's improved WBC count is inconsistent with epoetin
alpha use.
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Question # 2

A 15-year-old girl comes to the physician for a follow-up evaluation. She has multiple erythematous
pustules and nodules over her face, for which she has received erythromycin and topical benzoyl
peroxide. She is concerned that the therapy is ineffective. The physician recommends a drug on the
condition that the patient agrees to use oral contraceptives. The molecular structure of the drug most
likely recommended by the physician closely resembles a drug used to treat which of the following

conditions?

Answer

Image

A || EGFR-positive non-small cell lung cancer

B || Acute promyelocytic leukemia

C || BRAF-positive metastatic melanoma

D || HER2-positive gastric cancer

E Choriocarcinoma
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Hint

Patients with severe nodulocystic acne that is unresponsive to antibiotic therapy are most often
prescribed isotretinoin, a member of the retinoid class of drugs.
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Correct Answer

A - EGFR-positive non-small cell lung cancer

Explanation Why

EGFR-positive non-small cell lung cancer can be treated with EGFR tyrosine kinase inhibitors such
as erlotinib. This class of drug exerts an antineoplastic effect by inhibiting downstream signaling of
the growth factor, which has been implicated in the uncontrolled cellular growth and proliferation of
EGFR-positive tumors. EGFR tyrosine kinase inhibitors are not structurally similar to the drug that
was most likely recommended for this patient.

Explanation But

Isotretinoin is highly teratogenic. Therefore, reliable contraception and a negative pregnancy test are
required before the initiation of as well as throughout treatment.

Explanation Why

All-trans retinoic acid (ATRA) and isotretinoin are both retinoids. ATRA can be used in the treatment
of acute promyelocytic leukemia, the M3 variant of acute myelogenous leukemia (AML). A t(15;17)
translocation, which occurs in acute promyelocytic leukemia, changes the retinoic acid receptor so
that granulocyte differentiation cannot occur under physiologic levels of retinoic acid. High doses of
ATRA can induce remission by causing malignant cells to mature.

C - BRAF-positive metastatic melanoma

Explanation Why

BRAF-positive metastatic melanoma can be treated with BRAF kinase inhibitors such as
vemurafenib. These drugs target malignant cells that express the V60OE mutation in the BRAF
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protein, inhibiting the normal proliferative cell signaling pathway and causing programmed cell
death. BRAF kinase inhibitors are not structurally similar to the drug that was most likely
recommended for this patient.

D - HER2-positive gastric cancer

Explanation Why

HER2-positive gastric cancer can be treated with trastuzumab, a monoclonal antibody that inhibits
oncogenic tyrosine kinase. Binding of the antibody to the extracellular portion of the HER2/neu
receptor disables signaling through this pathway, arresting the neoplastic growth of the cell and
leading to its death. Monoclonal antibodies are not structurally similar to the drug that was most
likely recommended for this patient.

E - Choriocarcinoma

Explanation Why

Choriocarcinoma treatment primarily involves monotherapy with either methotrexate or actinomycin
D. Methotrexate is a vitamin B9 antimetabolite (not a vitamin A derivative like isotretinoin), whereas
actinomycin D is an antibiotic with antineoplastic properties. Neither compound has structural
similarities to the drug that was most likely recommended for this patient.
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Question # 3

A 64-year-old woman with knee osteoarthritis comes to the physician for a follow-up examination. She
reports significantly improved pain control since starting celecoxib 1 month ago. A history involving
which of the following conditions is most likely to explain the administration of this drug instead of
another nonsteroidal anti-inflammatory drug?

Answer

Image

A || Myocardial infarction

B || Reye syndrome

C || Sulfa drug allergy

D || Glanzmann thrombasthenia

E Gout
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Hint

Celecoxib reversibly inhibits cyclooxygenase (COX) isoform 2.
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Correct Answer

A - Myocardial infarction

Explanation Why

A history of myocardial infarction would be a contraindication to treatment with selective COX-2
inhibitors such as celecoxib. These drugs have been shown to increase the risk of cardiovascular
events such as coronary thrombosis and subsequent myocardial infarction. Aspirin, not celecoxib,
would be indicated for the prevention of repeat cardiovascular events and could also act as an anti-
inflammatory and analgesic.

B - Reye syndrome

Explanation Why

Reye syndrome is a complication of aspirin use in young children but is not a concern in adult
patients. Furthermore, acetaminophen, not celecoxib, would be administered to children to avoid the
risk of Reye syndrome.

C - Sulfa drug allergy

Explanation Why

A sulfa drug allergy would be a contraindication to treatment with celecoxib because it is a sulfa
drug.
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Explanation Why

If a patient with Glanzmann thrombasthenia (GT) requires treatment with an NSAID, a selective
COX-2 inhibitor, such as celecoxib, would be the best choice. In GT, deficient glycoprotein 1Ib/I11a
on the surface of platelets impairs proper fibrinogen binding and predisposes patients to bleeding.
Thromboxane, whose formation is catalyzed by COX-1, is especially important in GT as a factor that
enhances platelet aggregation. Nonselective COX inhibitors (e.g., aspirin, ibuprofen) would inhibit
COX-1 and thromboxane formation, thereby increasing the risk of bleeding, whereas celecoxib has
no effect on platelets and would thus be the preferred agent for patients with GT.

E - Gout

Explanation Why

Gout is caused by impaired metabolism and excretion of uric acid. Some NSAIDs, such as aspirin,
can iatrogenically decrease the clearance of uric acid when taken at typical analgesic or anti-
inflammatory doses. Celecoxib may be a preferred anti-inflammatory agent in patients with gout, but
the anti-uricosuric effect of other NSAIDs is not clinically apparent enough to make non-selective
NSAIDs contraindicated.
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Question # 4

A 9-year-old boy is brought to the emergency department by his mother because of painful swelling in
his right knee that started after he collided with another player during a soccer game. He has no history
of serious illness except for an episode of prolonged bleeding following a tooth extraction a few months
ago. Physical examination shows marked tenderness and swelling of the right knee joint. There are
multiple bruises on the lower extremities in various stages of healing. Laboratory studies show a platelet

count of 235,000/mm3, partial thromboplastin time of 78 seconds, prothrombin time of 14 seconds, and
bleeding time of 4 minutes (N = 2—7). Which of the following steps in coagulation is most likely directly

affected by this patient's condition?

Answer

Image

A || Formation of thrombin

B || Degradation of fibrin

C || Conversion of factor X

e |
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Answer

Image
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Hint

Combined with a history of abnormal bleeding and prolonged PTT, acute hemarthrosis following trauma
likely indicates underlying hemophilia.
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Correct Answer

A - Formation of thrombin

Explanation Why

Formation of thrombin occurs as a part of the combined pathway as factor Xa and factor Va form a
complex that cleaves prothrombin to thrombin. Hemophilia impairs a different part of the
coagulation cascade, and once the combined pathway is activated the cascade functions normally.
Therefore, the formation of thrombin is not directly affected in this patient.

B - Degradation of fibrin
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Explanation Why

The degradation of fibrin (i.e., fibrinolysis) is primarily carried out by plasmin. Plasma
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concentrations of plasmin can be influenced by the administration of thrombolytics (e.g., alteplase,
tenecteplase) or antifibrinolytics (e.g., aminocaproic acid, tranexamic acid). A prolonged PTT, as
seen in this patient, indicates a defect in coagulation rather than fibrinolysis. Hemophilia does not
directly affect the degradation of fibrin.
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Explanation But

Hemophilia C is due to a deficiency of factor XI but is exceedingly rare.
Explanation Why

The conversion of factor X to factor Xa can occur via two mechanisms: a complex formed of factor
Vlla and tissue factor (extrinsic pathway), or a complex formed of factor VIIla and IXa (intrinsic
pathway). The extrinsic pathway is unaffected in this patient, as evidenced by the normal PT.
However, hemophilia is characterized by a deficiency of factor VIII (hemophilia A) or a deficiency
of factor IX (hemophilia B), both of which affect the intrinsic pathway, causing the prolonged PTT
seen in this patient. While the conversion of factor X can still occur via the extrinsic pathway, the
conversion of factor X by the intrinsic pathway will be impaired. A prolonged PTT with normal PT,
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bleeding time, and platelet count is typical of hemophilia.

D - Production of von Willebrand factor

Image
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Explanation Why

Von Willebrand factor (vWF) binds to free collagen, factor VIII, and the GP1b surface receptor of
platelets to mediate adhesion between platelets and the exposed collagen fibrils of damaged blood
vessels during primary hemostasis following injury. Patients with von Willebrand disease have a
deficiency of vWF and classically have abnormal bleeding, a prolonged PTT (due to a decreased
half-life of unbound factor VIII), and a normal PT and platelet count, as seen in this patient.
However, bleeding time would typically also be prolonged, which is not seen here. Furthermore,
hemarthrosis is not typical of von Willebrand disease, which usually manifests with epistaxis,

 Damagzed vascular

| endothelium

I~ Exposed collagen

gingival bleeding, and/or menorrhagia.
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E - Activation of factor VII
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Explanation Why

Factor VII is activated by tissue factor via the extrinsic coagulation pathway. Isolated impairment of
the extrinsic pathway would manifest with a normal platelet count and bleeding time and could
account for hemarthrosis following trauma. However, an increased PT and a normal PTT would also

be expected.

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Question # 5

A 7-year-old boy is brought to the physician for a follow-up examination after the removal of a tooth.
During the procedure, he had prolonged bleeding that did not resolve with pressure and gauze packing
and eventually required suture placement. His older brother had a similar episode a year ago, but his
parents and two sisters have never had problems with prolonged bleeding. Physical examination shows
no abnormalities. Genetic analysis confirms an X-linked recessive disorder. Which of the following is
most likely deficient in this patient?

Answer Image

A || Factor VIII

B || Von Willebrand factor

C Factor XI
D || Protein C
E Vitamin K

F Factor IX
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Hint

This patient most likely has hemophilia A.
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Correct Answer

Explanation But

Treatment of hemophilia A includes desmopressin, or in severe cases, substitution of factor VIII.
Repeated hemarthrosis can eventually lead to joint destruction, a serious long-term complication of

hemophilia.

Explanation Why

Hemophilias are hereditary disorders of secondary hemostasis that can manifest with prolonged
bleeding after surgery (e.g., tooth extraction), hemarthrosis, and hematomas. Depending on the
severity of clotting factor deficiency, bleeding may occur spontaneously or in response to trauma.
Hemophilia A, which is caused by deficiency of factor VIII, and hemophilia B, which is caused by
deficiency of factor IX, both follow an X-linked recessive pattern of inheritance. Since hemophilia A
(~ 80% of cases) is much more common than hemophilia B (~ 20% of cases), this patient most
likely has hemophilia A.

B - Von Willebrand factor

Explanation Why

Von Willebrand factor deficiency is the underlying cause of von Willebrand disease, which can also
manifest with an episode of heavy bleeding following tooth extraction. Von Willebrand disease
follows an autosomal dominant pattern of inheritance. This patient, however, has an X-linked
recessive disorder.
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C - Factor XI

Explanation Why

Factor X1 deficiency is consistent with hemophilia C, which can also manifest with an episode of
heavy bleeding following tooth extraction. Hemophilia C follows an autosomal recessive inheritance
pattern. This patient, however, has an X-linked recessive disorder.

D - Protein C

Explanation Why

Protein C deficiency is a rare disorder of the coagulation system that results in overactivity of factor
V and factor VIII. This condition would result in a state of hypercoagulability, which would increase
the risk of thrombotic events, but not bleeding. Moreover, protein C deficiency follows an autosomal
dominant pattern of inheritance. This patient, however, has an X-linked recessive disorder.

E - Vitamin K

Explanation Why

Vitamin K deficiency, which leads to a deficiency of the coagulation factors II, VII, IX, and X, can
also manifest with an episode of heavy bleeding following tooth extraction. However, vitamin K
deficiency is usually due to intake of a vitamin K antagonist (e.g., warfarin), malabsorption
syndrome, depletion of gut flora (e.g., following antibiotic administration), or impaired hepatic
production (e.g., liver cirrhosis), none of which is described here. Hereditary combined vitamin K-
dependent clotting factor deficiency (VKCFD) is a rare bleeding disorder that follows an autosomal
recessive pattern of inheritance. This patient, however, has an X-linked recessive disorder.
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F - Factor IX

Explanation Why

Factor IX deficiency is consistent with hemophilia B, which can also manifest with an episode of
heavy bleeding following tooth extraction. Hemophilia B also follows an X-linked recessive pattern
of inheritance. However, hemophilia B (~ 20% of cases) is much rarer than hemophilia A (~ 80%),
making hemophilia A a more likely diagnosis in this patient.
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Question # 6

A 53-year-old woman with rheumatoid arthritis comes to the physician for a follow-up examination one

week after being discharged from the hospital. While she was in the hospital, she received

acetaminophen and erythropoietin. This patient most likely has which of the following additional

conditions?

Answer

Image

A || Factor VIII deficiency

B || Vitamin K deficiency

C || Agranulocytosis

D || Anemia of chronic disease

E || Immune thrombocytopenic purpura
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Hint

Erythropoietin (EPO) stimulates erythroid cell division and proliferation and inhibits erythroid
progenitor apoptosis.
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Correct Answer

A - Factor VIII deficiency

Explanation Why

Factor VIII deficiency is seen in hemophilia A, a blood clotting disorder that leads to serious
bleeding (e.g., hemarthrosis, muscular or soft tissue hematomas). Usually only males are affected, as
it is primarily an X-linked recessive disease. Treatment includes desmopressin, or in severe cases,
substitution of factor VIII. Substitution of EPO would not be effective.

B - Vitamin K deficiency

Explanation Why

Vitamin K deficiency can impair the coagulation cascade, leading to pathological bleeding.
Symptoms include ecchymosis, hematomas, and hemarthroses. Anemia might be seen, but it would
not be due to reduced RBC production, so substitution of EPO would not be effective.

C - Agranulocytosis

Explanation Why

Agranulocytosis is a condition characterized by severe leukopenia. Treatment may involve
granulocyte-colony stimulating factor (G-CSF) but not EPO.
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Explanation Why

Anemia of chronic disease (ACD) occurs in patients with a chronic disease process such as
inflammation (e.g., this patient's rheumatoid arthritis), malignancy, infection, or renal failure. ACD is
characterized by reduced erythropoietic response to both endogenous and exogenous EPO. However,
high doses of EPO can overcome this hyporesponsiveness and are recommended in these patients.

E - Immune thrombocytopenic purpura

Explanation Why

Immune thrombocytopenic purpura is an acquired form of a low platelet count secondary to antibody
formation against Gpllb/Illa on platelets. ITP does not perturb the structure or function of WBCs,

RBCs, or coagulation factors (i.e., isolated thrombocytopenia). It can be treated with thrombopoietin
or thrombopoietin receptor agonists, but EPO would not be effective in treating thrombocytopenia.
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Question # 7

A 28-year-old woman, gravida 1, para 0, at 32 weeks' gestation is evaluated for vaginal bleeding. Five
days ago, she was admitted to the hospital and started on treatment for a deep vein thrombosis in the
right leg. Her pulse is 125/min and blood pressure is 95/67 mm Hg. Physical examination shows large
hematomas on the upper limbs and swelling in the right calf. There is a large amount of bright red blood
in the vaginal vault. Laboratory studies show a hemoglobin of 8.9 mg/dL, platelet count of 185,000/

3

mm°, and activated partial thromboplastin time of 160 seconds. Which of the following is the most

appropriate pharmacotherapy to rapidly reverse this patient's coagulopathy?

Answer

Image

A || Protamine sulfate

B || Prothrombin complex concentrate

C || Vitamin K

(ina

! ~(Oy— Oxidized vitamin K Recluced vitamir
S ctive) (active)

D || Alteplase

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Answer

Image

Fresh frozen plasma

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Hint

Heparin is most commonly used in pregnant women who require anticoagulation since it does not cross
the placenta.
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Correct Answer

Explanation Why

Five days after starting treatment for DVT, this pregnant woman developed hemodynamic instability
and anemia secondary to bleeding, which was likely caused by heparin overdose, as suggested by the
prolonged aPTT. Protamine sulfate is the antidote for heparin overdose. Protamine is a cationic
peptide that binds to heparin, forming a stable compound that has no anticoagulant activity.
Protamine sulfate is more effective in reversing the effects of unfractionated heparin than low
molecular weight heparin (LMWH) because protamine does not fully counter the anti-factor X effect
of LMWH.

B - Prothrombin complex concentrate

Explanation Why

Prothrombin complex concentrate, which consists of the vitamin K-dependent clotting factors II, VII,
IX, and X, would rapidly reverse the effect of warfarin. Although warfarin therapy is usually
initiated in patients with DVT, it would not be given to pregnant women because it crosses the
placenta and is teratogenic. PCC is not used to reverse heparin toxicity because PCC products
contain a small amount of heparin to prevent the in-vivo activation of coagulation.
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C - Vitamin K
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Explanation Why

Vitamin K is an important cofactor for gamma-carboxylation of glutamic acid residues in the

coagulation factors II, VII, IX, and X. Vitamin K is, therefore, able to reverse the effect of vitamin K
antagonists like warfarin by increasing the synthesis of these factors. Although warfarin therapy is
usually initiated in patients with DVT, it would not be given to pregnant women because it crosses

the placenta and is teratogenic. Vitamin K does not reverse the effects of heparin.
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D - Alteplase
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Explanation Why

Alteplase catalyzes the conversion of plasminogen to plasmin, an active enzyme that breaks down
clots. It is used for thrombolysis in patients with acute ischemic stroke and STEMI. The use of
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alteplase in this patient would exacerbate her bleeding!

E - Fresh frozen plasma

Explanation Why

Fresh frozen plasma (FFP), which contains all coagulation factors, can be used in the management of
major bleeding associated with warfarin use. Although warfarin therapy is usually initiated in
patients with DVT, it would not be given to pregnant women because it crosses the placenta and is
teratogenic. FFP is not used to reverse heparin toxicity because FFP also contains antithrombin,
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which would be activated in the presence of heparin and inhibit the activity of other coagulation
factors. In fact, FFP can be used to treat heparin resistance for the same reason.
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Question # 8

An investigator is studying the function of different enzymes in various human cell types. A subset of
normal human cells with an elevated intracellular concentration of bisphosphoglycerate mutase is

harvested and isolated. Which of the following is most likely to be absent in these cells?

Answer

Image

A || a-ketoglutarate dehydrogenase

B || Pyruvate kinase

C || Glucose-6-phosphate dehydrogenase

D || Glutathione reductase

E || Lactic acid dehydrogenase

F || Carbonic anhydrase
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Hint

Bisphosphoglycerate mutase is an enzyme of the glycolytic pathway that is present only in RBCs and a
specific type of placental cell.
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Correct Answer

Explanation But

2,3-BPG mutase is also present in the syncytiotrophoblasts of the placental villi at the feto-maternal
interface, where fetal and maternal blood are in closest proximity, to allow for the release of large
amounts of oxygen from maternal hemoglobin to bind to fetal hemoglobin.

Explanation Why

The enzyme o-ketoglutarate dehydrogenase would not be found in RBCs because they lack
mitochondria, which is where the TCA cycle takes place. The main biochemical pathways available
in RBCs are the pentose-phosphate pathway, glycolysis, and glutathione reduction.
2.3-bisphosphoglycerate mutase is vital to RBCs for the conversion of 1,3-BPG, an intermediate in
glycolysis, to 2,3-BPG, which binds to hemoglobin and causes a conformational change that results
in oxygen release into local tissues.

B - Pyruvate kinase

Explanation Why

Pyruvate kinase catalyzes the transfer of a phosphate group from phosphoenolpyruvate to adenosine
diphosphate, generating ATP during the final step of glycolysis. Glycolysis is present in RBCs, so
this enzyme would not be absent in the cells isolated.

C - Glucose-6-phosphate dehydrogenase

Explanation Why

Glucose-6-phosphate dehydrogenase catalyzes the first step of the hexose monophosphate shunt, a
pathway that is present in RBCs. Lack of this enzyme is seen in the X-linked recessive disorder
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glucose-6-phosphate dehydrogenase deficiency, which leads to an impaired ability to regenerate
reduced glutathione inside RBCs, resulting in episodic hemolytic anemia.

D - Glutathione reductase

Explanation Why

Glutathione reductase catalyzes the conversion of oxidized glutathione to its reduced form and is an
important step of the pentose phosphate pathway. The glutathione reduction pathway is present in all
RBCs, making the absence of this enzyme in the isolated cells unlikely.

E - Lactic acid dehydrogenase

Explanation Why

Lactic acid dehydrogenase (LDH) converts lactate to pyruvate as the final reaction of anaerobic
glycolysis. There are 5 isoenzymes of LDH, among which LDH 1 and 2 are both found in RBCs.

F - Carbonic anhydrase

Explanation Why

Carbonic anhydrase is part of the bicarbonate buffer system, in which it reversibly converts

bicarbonate (HCO3 ) and a free hydrogen ion (H+) into carbon dioxide and water. It is vital to the
Haldane effect (in the lungs) and the Bohr effect (in the periphery), allowing RBCs to effectively
deliver oxygen throughout the body. RBCs have a high concentration of carbonic anhydrase.
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Question # 9

A 51-year-old man comes to the physician for the evaluation of a 3-week history of fatigue and
shortness of breath. One year ago, a screening colonoscopy showed colonic polyps. His brother has a
bicuspid aortic valve. On examination, a late systolic crescendo-decrescendo murmur is heard at the

right upper sternal border. Laboratory studies show:

Hemoglobin 9.1 g/dL

LDH 220 U/L

Haptoglobin 25 mg/dL (N =41-165 mg/dL)

Urea nitrogen 17 mg/dL

Creatinine 1.1 mg/dL

Total bilirubin || 1.8 mg/dL

A peripheral blood smear shows schistocytes. Which of the following is the most likely cause of this

patient's anemia?

Answer

Image

A || Gastrointestinal bleeding

Autoimmune destruction of
erythrocytes

C || Erythrocyte membrane fragility
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Answer

Image

Fragmentation of erythrocytes

Erythrocyte enzyme defect
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Hint

This patient has anemia with low haptoglobin and elevated bilirubin, which is consistent with hemolytic
anemia. His peripheral blood smear provides a good indication of the underlying cause.
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Correct Answer

A - Gastrointestinal bleeding

Explanation Why

Chronic gastrointestinal bleeding from colonic polyps or from intestinal angiodysplasia (Heyde
syndrome) in the setting of aortic stenosis (AS), can result in anemia, which is present seen here.
Although this patient has both polyps and a murmur suggestive of AS, chronic gastrointestinal
bleeding would result in features of iron deficiency anemia (normocytic or microcytic anemia). The
anemia in this patient results from hemolysis, which is not consistent with gastrointestinal bleeding.

B - Autoimmune destruction of erythrocytes

Explanation Why

Autoimmune destruction of erythrocytes is characteristic of autoimmune hemolytic anemia (AIHA),
which is typically mediated by IgM antibodies (cold agglutinins) or IgG antibodies (warm
agglutinins) and more commonly seen in elderly women. While AIHA would also manifest with
anemia and evidence of hemolysis (e.g., low haptoglobin, elevated bilirubin), schistocytes are not
typical of AIHA and suggest a different cause of this patient's anemia.

C - Erythrocyte membrane fragility

Explanation Why

Hereditary spherocytosis is caused by a genetic defect in genes that encode RBC cytoskeleton
proteins (especially ankyrin or spectrin). Defects in these proteins result in erythrocyte membrane
fragility, which can be detected via an osmotic fragility test. While hereditary spherocytosis also
manifests with the symptoms and laboratory markers of hemolytic anemia, which this patient has, a
peripheral smear would show spherocytes rather than the schistocytes.
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Explanation But

The presence of schistocytes should always raise concern for TTP, DIC, and HELLP syndrome, all
of which require prompt diagnosis and treatment to prevent further complications. However, since
this patient does not exhibit any of the typical features of these conditions (such as evidence of
thrombosis, purpura, hematuria, liver dysfunction), these are unlikely to be the cause of his anemia.

Explanation Why

The schistocytes on this patient's peripheral blood smear confirm the diagnosis of hemolytic anemia.
Schistocytes together with his murmur and family history of bicuspid aortic valve make mechanical
hemolysis (i.e., fragmentation of erythrocytes) secondary to aortic stenosis the most likely cause of
this patient's condition. In most cases, bicuspid aortic valve is a hereditary disease, and it is
associated with premature aortic stenosis. Fragmentation hemolysis secondary to aortic valve
stenosis is thought to result from high-velocity turbulence occurring near the valve. Bicuspid aortic
valve is typically an indication for valve replacement.
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E - Erythrocyte enzyme defect

Explanation Why

Hemolytic anemia, which this patient has, can be caused by erythrocyte enzyme defects, the most
common types being glucose-6-phosphate dehydrogenase deficiency and pyruvate kinase deficiency.
However, in G6PD deficiency, Heinz bodies and bite cells are seen on peripheral blood smear, while
pyruvate kinase deficiency typically features echinocytes; schistocytes are not a typical feature of

erythrocyte enzyme defects.
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Question # 10

A 68-year-old woman is brought to the emergency department because of a 3-day history of progressive
fatigue, confusion, and easy bruising. She has type 2 diabetes mellitus, hypertension, and chronic kidney
disease that requires hemodialysis. She missed her last dialysis appointment. On examination, she
appears lethargic and is oriented only to person. She has a 3+ pitting edema of both ankles and several
ecchymoses across both lower extremities. Further evaluation of this patient is most likely to show
which of the following sets of laboratory values?

Bleeding Partial thromboplastin time Prothrombin Platelet
time (activated) time count
A || Increased normal normal normal
B || Increased increased normal normal
C || Normal increased increased normal
D || Increased increased increased decreased
E || Normal increased normal normal
F || Normal normal increased normal
Answer || Image
Al A
B | B
Cc| C
D | D
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Answer

Image
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Hint

In a patient with chronic kidney disease who has missed dialysis, confusion, fatigue, and an increased
risk of bleeding indicate uremia.
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Correct Answer

Explanation Why

The increased risk of bleeding in uremia is due to platelet aggregation dysfunction. While the
pathomechanism is not fully understood, it is believed that uremia causes intrinsic dysfunction of
glycoprotein I1b/I1la as well as an increase in NO levels, which leads to an increase in cyclic GMP
and reductions in thromboxane A and ADP levels leading to impaired platelet adhesion and
aggregation. Platelet dysfunction results in prolonged bleeding time with normal platelet count. An
altered PTT and PT would be seen with coagulation factor defects, which are not caused by chronic

kidney disease.

Explanation Why

Increased PTT and bleeding time with normal PT and platelet count is consistent with von
Willebrand disease, an autosomal dominant disease characterized by a deficiency of von Willebrand
factor. vWD is usually asymptomatic, but ecchymoses can be seen in severe vWD. Uremia does not
cause a deficiency in vWF.

Explanation Why

Increased PTT and PT with normal bleeding time and platelet count are consistent with a general
coagulation defect (e.g., severe vitamin K deficiency, hepatic failure, warfarin overdose). Uremia
would cause a different set of findings.
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D-D

Explanation Why

Increased PT, PTT, and bleeding time with a decreased platelet count is consistent with disseminated
intravascular coagulation (DIC), a condition characterized by systemic activation of the clotting
cascade, platelet consumption, and subsequent exhaustion of clotting factors that leads to widespread
thrombosis and hemorrhage. However, DIC is associated with trauma, shock, and sepsis, none of
which are seen here. Uremia does not cause DIC.

Explanation Why

Increased PTT with normal PT, platelet count, and bleeding time is consistent with a defect in the
intrinsic coagulation pathway (e.g., hemophilia, antiphospholipid antibody syndrome). Uremia does
not cause a defect in the intrinsic coagulation pathway.

Explanation Why

Increased PT with normal PTT, platelet count, and bleeding time is consistent with a defect in the
extrinsic coagulation pathway, (e.g., vitamin K deficiency, warfarin therapy, factor VII deficiency).
Uremia does not cause a defect in the extrinsic coagulation pathway.
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Question # 11

A 55-year-old man comes to the physician because of fatigue and worsening abdominal pain for

4 weeks. He also reports excessive night sweats and a 5.4-kg (12-1b) weight loss during this time. He has
a neck swelling for 4 days. Physical examination shows a nontender, enlarged, and fixed supraclavicular
lymph node. There is splenomegaly. A CT scan of the thorax and abdomen shows massively enlarged
axillary, mediastinal, and cervical lymph nodes. Analysis of an excised cervical lymph node shows
lymphocytes with a high proliferative index that stain positive for CD20. Which of the following is the
most likely diagnosis?

Answer Image

A || Adult T-cell lymphoma

B || Mantle cell lymphoma
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C || Burkitt lymphoma
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Hint

The combination of B symptoms and painless lymphadenopathy raise suspicion for lymphoma. The
detection of the pan B-cell marker CD20 on malignant lymphocytes indicates a B-cell origin. Evidence
of extensive lymph node involvement within 4 weeks of the onset of symptoms and the high
proliferation index suggest a highly aggressive B-cell lymphoma.
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Correct Answer

A - Adult T-cell lymphoma

Explanation Why

Adult T-cell lymphoma is an aggressive, high-grade type of T-cell non-Hodgkin lymphoma that may
present with B symptoms, painless lymphadenopathy, and splenomegaly, which are also seen in this
patient. However, this condition is very rare and, as a T-cell lymphoma, it would not stain
CD20-positive but rather CD3-positive.

B - Mantle cell ymphoma

Image

Explanation Why

Mantle cell lymphoma is an aggressive, high-grade type of B-cell non-Hodgkin lymphoma (NHL)
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that may manifest with B symptoms, painless lymphadenopathy, and splenomegaly. As a subtype of
B-cell lymphoma, cells from a mantle cell lymphoma would stain CD20-positive, as do those from
this patient's sample. However, mantle cell lymphoma usually occurs in elderly men and only
accounts for approx. 7% of adult NHL, making another diagnosis more likely.

C - Burkitt lymphoma

Image

Explanation Why

Burkitt lymphoma is an aggressive type of non-Hodgkin lymphoma that may manifest, as this
patient's condition, with B symptoms, painless lymphadenopathy, and splenomegaly. As a subtype of
B-cell lymphoma, cells from a Burkitt lymphoma would stain CD20-positive, as do those from this
patient's sample. However, Burkitt lymphoma is most common in children, typically occurring in
association with EBV infection. In adults, Burkitt lymphoma typically occurs in association with
HIV infection, which may present with lymphadenopathy, splenomegaly, and fatigue. This patient
shows no other signs of HIV infection or AIDS, nor does he have risk factors that would predispose
him to contracting HIV, making this diagnosis less likely.
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D - Hairy cell leukemia

Image

Explanation Why

Hairy cell leukemia is an indolent, low-grade type of B-cell non-Hodgkin lymphoma that may
manifest with fatigue and splenomegaly. As a B-cell lymphoma, a sample would stain
CD20-positive, as does that of this patient's sample. However, as an indolent type of lymphoma, hair
cell leukemia would not typically manifest with such extensive lymph node involvement after a short
period of symptoms. Also, night sweats and fever are not usually seen in hairy cell leukemia.
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E - Follicular lymphoma

Explanation Why

Follicular lymphoma is the most common type of indolent, low-grade B-cell non-Hodgkin
lymphoma in adults and may manifest with B symptoms, painless lymphadenopathy, and
splenomegaly, which are also seen in this patient. Like the sample from this patient, follicular
lymphoma cells also stains CD20-positive. However, as an indolent type of lymphoma, follicular
lymphoma would not explain the extensive lymph node involvement in this patient after a short
period of symptoms and the detection of lymphocytes with a high index of proliferation.
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Image

Explanation But

Patients with high-grade B-cell NHL are first treated with curative intent, typically with
polychemotherapy with R-CHOP (combination of CHOP and CD20 antibody rituximab).

Explanation Why

This patient most likely has a diffuse large B-cell lymphoma (DLBCL), which is the most common
type of non-Hodgkin lymphoma (NHL) in adults, accounting for approx. 25% of cases. DLBCL is an
aggressive (high-grade) type of lymphoma occurring spontaneously or secondary to various types of
low-grade B-cell lymphomas (e.g., CLL, MALT lymphoma).
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G - Hodgkin lymphoma

Explanation Why

Hodgkin lymphoma may manifest with B symptoms, painless lymphadenopathy, and splenomegaly,
which are also seen in this patient. However, lymph node biopsy in patients with Hodgkin lymphoma
would typically show CD15/30-positive Reed-Sternberg cells. Hodgkin lymphomas usually lack
pan-B cell markers (CD19, CD20).
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Question # 12

An investigator is studying the affinity of hemoglobin for oxygen in different clinical settings. An
illustration of an oxygen-hemoglobin dissociation curve is shown. Curve A shows the test results of one
of the research participants and curve B shows a normal oxygen-hemoglobin dissociation curve. Which

of the following is most likely present in this research participant?
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Answer

Image

Temperature of 39.1°C (102.4°F)

Increased serum 2,3-bisphosphoglycerate
concentration

Sickled red blood cells
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Answer Image
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Hint

Curve A shows a left shift in the oxygen-hemoglobin dissociation curve, which indicates a higher
affinity of Hb for O2 compared to a normal oxygen-hemoglobin dissociation curve.
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Correct Answer

A - Temperature of 39.1°C (102.4°F)

Explanation Why

Increases in temperature shift the O2-Hb dissociation curve to the right, not the left. Under these
conditions, Hb has a lower affinity for O2, which results in more unloading of O3 in the peripheral
tissues.

B - Increased serum 2,3-bisphosphoglycerate concentration

Explanation Why

Increases in 2,3-bisphosphoglycerate (2,3-BPG) shift the O2-Hb dissociation curve to the right, not
the left. 2,3-BPG binds Hb and stabilizes it in its low O2 affinity state, which results in more
unloading of O2 in the peripheral tissues.

C - Sickled red blood cells

Explanation Why

Sickle cell disease is associated with increased levels of fetal hemoglobin (HbF), which has a higher
affinity for O2 compared to normal adult hemoglobin (HbA). Increased HbF levels cause a left-shift
in the O2-Hb dissociation curve, which is seen here. However, hemoglobin S (HbS) is the
predominant hemoglobin variant (> 90%) in patients with sickle cell disease. Since HbS has a lower
affinity for Oz compared to normal HbA, it binds O2 more loosely if the partial pressure of O is low.
The O2-Hb dissociation curve for HbS is therefore shifted to the right, not the left.
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D - Neutrophilia

Explanation Why

Neutrophilia is not directly associated with changes in the O2-Hb dissociation curve. In the context
of neutrophilia, the term “left shift” refers to an increase in the number of immature neutrophils (e.g.,
in response to acute infection or inflammation).

E - Serum pH of 7.1

Explanation Why

A reduction in serum pH (or an increase in serum H' concentration) shifts the O2-Hb dissociation
curve to the right, not the left. Under these conditions, Hb has a lower affinity for O2 (Bohr effect),
which results in more unloading of O2 in the peripheral tissues.
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Image

Explanation Why

The left shift in the O2-Hb dissociation curve indicates that this patient's Hb has a high affinity for
O2, which results in less unloading of O in the peripheral tissues. Chronic tissue hypoxia stimulates
the release of erythropoietin, which stimulates the bone marrow to produce more erythrocytes and
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Question # 13

A 4-year-old boy is brought to the physician because of a 1-month history of generalized fatigue. During
the past week, he has also had fever and severe leg pain that keeps him awake at night. Examination
shows cervical and axillary lymphadenopathy. His liver is palpated 4 cm below the right costal margin
and the spleen is palpated 3 cm below the left costal margin. His hemoglobin concentration is 10.2 g/dL,

leukocyte count is 64,500/mm3, and platelet count is 29,000/mm3. A bone marrow aspirate

predominantly shows immature cells that stain positive for CD10, CD19, and TdT. Which of the

following is the most likely diagnosis?

Answer

Image

A || Aplastic anemia

B || Leukemoid reaction

C || Hairy cell leukemia

D || Idiopathic thrombocytopenic purpura

E || Acute myeloid leukemia

F || Acute lymphoblastic leukemia

G || Hodgkin lymphoma
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Hint

Individuals with Down syndrome are at increased risk of developing this condition.
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Correct Answer

A - Aplastic anemia

Explanation Why

Aplastic anemia typically manifests with pancytopenia rather than leukocytosis, and a bone marrow
biopsy would reveal hypocellular bone marrow with normal cell morphology. Moreover, aplastic
anemia does not manifest with fever, lymphadenopathy, hepatomegaly, or bone pain.

B - Leukemoid reaction

Explanation Why

Leukemoid reactions are characterized by profound leukocytosis. However, an examination of the
bone marrow aspirate would typically reveal a proportionate increase in all elements of the myeloid
lineage (CD13+, CD33+ cells) as opposed to the predominance of immature B cells (CD19+,
CD10+) seen in this patient's bone marrow. Leukemoid reaction rarely causes thrombocytopenia
(platelet count < 150,000), which can occur as a result of complications such as sepsis and DIC due
to infection.

C - Hairy cell leukemia

Explanation Why

Hairy cell leukemia (HCL) can cause generalized fatigue, splenomegaly, anemia, and
thrombocytopenia. Lymphadenopathy, hepatomegaly, and/or leukocytosis are present in up to 20%
of cases. However, HCL typically has an indolent course, is more common in middle-aged adults,
typically presents with leukopenia rather than leukocytosis, and usually results in a dry bone marrow
tap. Although CD19+ blast cells would be seen if a bone marrow aspirate was obtained (because the
blast cells in HCL are of the B cell lineage), other markers of more mature B cells (i.e., CD20 and
CD25) and special markers (i.e., CD11¢c, CD103, and CD153) would also be present, while CD10
markers would be absent.
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D - Idiopathic thrombocytopenic purpura

Explanation Why

Idiopathic thrombocytopenic purpura (ITP) would result in thrombocytopenia. While some patients

with ITP present with anemia due to bleeding and mild splenomegaly (in ~ 10% of patients), fever,
bone pain, lymphadenopathy, and leukocytosis would not be expected.

E - Acute myeloid leukemia

Explanation Why

Acute myeloid leukemia (AML) would also manifest with bone pain, fatigue, hepatosplenomegaly,
anemia, thrombocytopenia, and/or leukocytosis, as seen in this patient, but does not typically cause
lymphadenopathy or fever. Moreover, AML typically occurs in adults, and a bone marrow biopsy
would show CD13+ and CD33+ blast cells rather than CD10 and CD19.

Explanation Why

Acute lymphoblastic leukemia (ALL) is the most frequent malignant disease in children and has a
peak incidence between the ages of 2 and 5 years. ALL may manifest with bone pain, fatigue, fever,
hepatosplenomegaly, anemia, thrombocytopenia (with bleeding diathesis), and leukocytosis. Most
forms of ALL arise from B cell precursors and therefore show CD19+ and CD10+
immunophenotype as well as cells that are positive for TdT on a bone marrow examination.
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G - Hodgkin lymphoma

Explanation But

Leukopenia can occur in high-grade Hodgkin lymphoma as a result of bone marrow infiltration. If
bone marrow infiltration occurs, Reed-Sternberg cells (CD15+, CD30+) would usually be apparent
on a bone marrow aspirate.

Explanation Why

Hodgkin lymphoma (HL) can manifest with fatigue, lymphadenopathy, hepatosplenomegaly, and
fever. Thrombocytopenia (due to splenomegaly) and anemia of chronic disease are also seen in HL.
However, leukopenia and bone pain would not be expected, since bone marrow infiltration is rare in
this type of lymphoma. Moreover, HL has a bimodal distribution, with peak incidences in young
adults (25-30 years) and older adults (5070 years); it is extremely rare before the age of 5.
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Question # 14

A 67-year-old man comes to the physician because of a 2-month history of generalized fatigue. On
examination, he appears pale. He also has multiple pinpoint, red, nonblanching spots on his extremities.
His spleen is significantly enlarged. Laboratory studies show a hemoglobin concentration of 8.3 g/dL, a

leukocyte count of 81,000/mm3 , and a platelet count of 35 ,600/mm3 . A peripheral blood smear shows
immature cells with large, prominent nucleoli and pink, elongated, needle-shaped cytoplasmic
inclusions. Which of the following is the most likely diagnosis?

Answer Image
A || Myelodysplastic syndrome
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Answer

Image

D || Acute myelogenous leukemia

Chronic myelogenous
leukemia

F || Hairy cell leukemia
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Hint

This patient's cytoplasmic inclusions are also known as Auer rods, which are very typical of this disease.
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Correct Answer

A - Myelodysplastic syndrome

Explanation Why

Myelodysplastic syndrome can cause thrombocytopenia and anemia. However, a peripheral blood
smear may show nucleated erythrocytes, ringed sideroblasts, Howell-Jolly bodies, or basophilic
stippling, but not Auer rods.

B - Chronic lymphocytic leukemia

Image

Explanation Why

Chronic lymphocytic leukemia manifests in elderly patients with fatigue due to anemia and, in later
stages, petechiae due to thrombocytopenia and splenomegaly. Although this condition can cause
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lymphocytosis, a peripheral blood smear would show smudge cells, not Auer rods.

C - Acute lymphoblastic leukemia

Image

.C}

Explanation Why

Acute lymphoblastic leukemia (ALL) can manifest with splenomegaly, petechiae, and fatigue, but it
typically affects children (peak incidence of 2—5 years of age). However, it usually also manifests
with painless lymphadenopathy, fever, night sweats, and unexplained weight loss. Histopathologic
examination would show a marked increase of immature lymphoblasts, not Auer rods.
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Explanation But

The white blood cell count may be elevated, normal, or low in patients with AML and is not a
reliable diagnostic marker.

Explanation Why

Acute myelogenous leukemia (AML) often manifests with fatigue, petechiae, and splenomegaly, and
some subtypes (especially AML-M3) show Auer rods. A bone marrow aspirate or biopsy showing >
20% myeloblasts in the bone marrow is the confirmatory diagnostic test.
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E - Chronic myelogenous leukemia

Explanation Why

Although symptoms of chronic myelogenous leukemia can include fatigue and splenomegaly, it
typically manifests with the most severe leukocytosis (> SOO,OOO/mm3 ) of all forms of leukemia.
This patient's Auer rods and leukocyte count of 81,000/mm3 indicate a different diagnosis.
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F - Hairy cell leukemia

Explanation Why

Hairy cell leukemia can manifest with generalized fatigue, splenomegaly, anemia, bleeding diathesis,
and thrombocytopenia. However, hairy cell leukemia typically manifests with leukopenia rather than
leukocytosis (although leukocytosis can be present in up to 20% of patients), and peripheral blood
smear typically shows hairy cells without Auer rods.
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Question # 15

An investigator is studying the recycling of heme proteins in various cell types. Heat denaturation and
high-performance liquid chromatography are used to carry out and observe the selective destruction of
hemoglobin molecules in red blood cells. It is found that these cells are unable to regenerate new heme

molecules. A lack of which of the following structures is the most likely explanation for this

observation?
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Answer
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Hint

Two enzymatic reactions (via aminolevulinate synthase and ferrochelatase) required to form heme
complexes occur within this organelle.
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Correct Answer

A - Golgi apparatus
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Explanation Why

The Golgi apparatus acts as the coordination center of membrane vesicle trafficking by labeling
proteins and lipids for transport to specific areas within the cell (e.g., lysosomes, peroxisomes). The
Golgi apparatus is not involved in the synthesis of heme.
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Explanation Why

Heme is synthesized in the mitochondria and the cytosol of immature RBCs. Mitochondria are the
site of the first and final step of heme synthesis, involving aminolevulinate synthase and

ferrochelatase, respectively. The absence of organelles in RBCs allows them to be maximally filled
with hemoglobin and gives them their biconcave cell shape. Without mitochondria, though, RBCs
are unable to regenerate new heme molecules or produce ATP from the oxygen they transport.
Instead, RBCs produce ATP by glycolysis and lactic acid fermentation of the resulting pyruvate.
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C - Smooth endoplasmic reticulum

Image

Nucleus

/ Muclear pore

—»— Muclear envelope
s

# »——— Rough endoplasmic

reticulum (RER)

Ribosomes on the RER

. —— Free ribosomes in cytasol

Ju e
. ne® A ey P95 ey . . s Js#=—— Polysome
. - . . 2 7
" 3 : ~——— Smooth endoplasmic
g . . o e, I - (CERY
3 : . X A - reticulum (SER)
. A
.
o5
. = o .
) } : \ B
Explanation Why

The smooth endoplasmic reticulum is a site of lipid synthesis, calcium storage, and
biotransformation in cells. In hepatocytes, for example, the heme-binding cytochrome P450 enzymes
are primarily located in the smooth endoplasmic reticulum and function in the transformation of both
endogenous and exogenous compounds. However, this organelle does not participate in the synthesis
of heme.
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D - Nucleus

Image
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Explanation Why

The nucleus stores and protects the genetic information of the cell and is the site of initiation for
protein synthesis, namely, through transcription. The absence of nuclei prevents RBCs from
synthesizing the subunits of hemoglobin. However, the synthesis of heme itself is not directly
inhibited by the lack of a nucleus, nor does it occur within the nucleus.
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E - Lysosomes
Image
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Explanation Why
Lysosomes are the cell's primary waste disposal system, which involves the degradation of materials
within the cell. An absence of these organelles would result in RBCs being unable to degrade
malfunctioning and damaged proteins. However, lysosomes are not involved in the synthesis of
heme.
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F - Peroxisomes
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Explanation Why
Peroxisomes function to degrade hydrogen peroxide and initiate beta oxidation of very long-chain
fatty acids. Peroxisomes are also involved in the biosynthesis of various molecules, including
steroids and bile acids. However, they do not participate in heme synthesis.
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Question # 16

An 11-year-old boy is brought to the physician by his mother because of worsening fatigue. His mother
reports that he seems to have trouble keeping up with his older brothers when playing outside. Physical
examination shows conjunctival pallor. A hemoglobin electrophoresis is performed. This patient's
results are shown in comparison to those of a patient with known sickle cell anemia and a child with
normal hemoglobin. Based on this electrophoresis, which of the following types of hemoglobin are
dominant in this patient's blood?

Alkaline hemoglobin electrophoresis

Origin
@)
Cathade
Answer Image
A || HbC only

B || HbA and HbC

C HbA and HbS

. Normal hemoglobin

Sickle cell anemia

Patient

@

Anode
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Answer Image

HbS only

HbA and HbF

HbA only

HbS and HbC
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Hint

Hemoglobin electrophoresis separates different types of hemoglobin based on their charge. The more
negatively charged a hemoglobin molecule is, the further it will migrate toward the positively charged
anode.
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Correct Answer

A - HbC only

Explanation Why

Individuals homozygous for HbC have hemoglobin C disease, which typically manifests with mild
anemia. The electrophoresis pattern of a patient with HbC disease would show a single thicker band
that migrates even less than HbS.

B - HbA and HbC

Explanation Why

Individuals with the hemoglobin C trait would have both HbA and HbC in their blood. Hemoglobin
electrophoresis of this patient shows HbC but not HbA. Moreover, hemoglobin C trait is usually an
asymptomatic carrier state, unlike this patient with fatigue.

C - HbA and HbS

Explanation Why

Individuals heterozygous for the sickle cell trait would have both HbA and HbS in their blood.
Hemoglobin electrophoresis of this patient shows HbS but not HbA. Moreover, individuals
heterozygous for the sickle cell trait are usually asymptomatic, unlike this patient with fatigue.
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D - HbS only

Explanation Why

Individuals homozygous for HbS have sickle cell anemia, which could explain this patient's fatigue
and conjunctival pallor. However, this patient's electrophoresis pattern is distinct from the sample
shown for a person with sickle cell anemia.

E - HbA and HbF

Explanation Why

The HbA and HbF electrophoresis pattern is seen in healthy newborns and individuals with
hereditary persistence of fetal hemoglobin, an asymptomatic condition. There is no HbF band on this
patient's electrophoresis pattern.

F - HbA only

Explanation Why

After 6 months of age, HbA normally accounts for >95% of all hemoglobin (the remainder being
HbA> and HbF). This patient's electrophoresis pattern is distinct from that of the normal sample from
a child included in the analysis.

Explanation Why

HbA (a2B2), which is the predominant form of hemoglobin by the age of 6 months, migrates farther
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than HbS, which is the predominant hemoglobin of patients with sickle cell disease. This is because
HbS contains a neutral valine residue at position 6 within the beta subunit in place of the normal,
negatively charged glutamic acid residue. HbS, in turn, migrates farther than HbC because HbC
contains a positively charged lysine residue in the same position. The thin band between HbS and
HbA in the sickle cell patient's sample is HbF (a2y2), which is slightly less negatively charged than
HbA but more negatively charged than HbS. HbF is normally present in negligible quantities by
early childhood but patients with sickle cell disease often have increased levels of HbE. This patient's
hemoglobin electrophoresis shows one band at the position of the HbS band and the other at a
position closer to the cathode than HbS. Therefore, this patient has HbSC disease. HbSC patients
have milder symptoms than those with homozygous sickle cell anemia (HbSS).

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Question # 17

A 69-year-old woman comes to the physician for a routine health maintenance examination. She feels
well. Physical examination shows nontender cervical and axillary lymphadenopathy. The spleen is

palpated 5 cm below the costal margin. Her leukocyte count is 12,000/mm3 and platelet count is

217,000/mm3. Further evaluation is most likely to show which of the following findings?

Answer

Image

A || Ringed sideroblasts

B || Teardrop cells
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Hint

Painless, generalized lymphadenopathy and splenomegaly in an individual > 65 years is highly
suggestive of chronic lymphocytic leukemia (CLL), the most common type of leukemia in this age
group. CLL is also the most common cause of generalized lymphadenopathy in patients > 65 years.
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Correct Answer

A - Ringed sideroblasts

Image

Explanation Why

Ringed sideroblasts in a blood smear are indicative of myelodysplastic syndrome, lead poisoning, or
chronic alcohol use. This patient has no signs suggestive of lead exposure or excessive alcohol use.
Although myelodysplastic syndrome can cause asymptomatic splenomegaly due to extramedullary
hematopoiesis, hepatomegaly would also be expected. Lymphadenopathy and leukocytosis are
suggestive of another underlying etiology.
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B - Teardrop cells

Image

Explanation Why

Teardrop cells in a blood smear are diagnostic markers for conditions associated with extramedullary
erythropoiesis, such as myelofibrosis. Splenomegaly would be consistent with this diagnosis.
However, laboratory analysis would show leukocytosis and thrombocytosis in the early,
hyperproliferative phase, followed by low RBC, platelet, and WBC counts in the late, pancytopenic
phase. None of these lab values are consistent with the findings in this patient.
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Explanation Why

Smudge cells in a blood smear are characteristic diagnostic markers for CLL. Detection of B-CLL
immunophenotype (CD19, CD20, CD23) in flow cytometry would further support the diagnosis.
CLL is a low-grade malignancy, noted for its slow rate of cell division and disease progression. In
asymptomatic patients, treatment is often unnecessary as it is unlikely to improve survival time.
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D - Rouleaux formation

Image

Explanation Why

Rouleaux formation in a blood smear is a diagnostic marker for multiple myeloma (MM). While
patients with MM are often asymptomatic, generalized lymphadenopathy is not a typical feature.
Instead, other features, including bone pain, hypercalcemia, anemia, and an increased risk of
infection, would be expected.
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E - Reed-Sternberg cells

Explanation Why

Reed-Sternberg cells are pathognomonic for Hodgkin lymphoma. Although Hodgkin lymphoma may
present with painless lymphadenopathy and splenomegaly (if the spleen is involved), which are also
seen here, this patient lacks other typical features of HL, such as B symptoms and Pel-Ebstein fever.
Furthermore, CLL is a more common cause of generalized lymphadenopathy in patients > 65 years.

F - Polycythemia

Explanation Why

Polycythemia can occur in association with polycythemia vera (PV) or, more commonly, secondary
to conditions associated with a reduced oxygen supply or increased oxygen demand. Although PV
can cause splenomegaly, patients are often plethoric, complain of a headache and dizziness, and have
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hypertension as a result of hyperviscosity (hyperviscosity syndrome is possible). Laboratory analysis
would show an elevated Hct, RBC, and platelet count as well as a WBC count > 12,000/pl.

G - Hypergammaglobulinemia

Explanation Why

Hypergammaglobulinemia is a diagnostic marker for multiple myeloma (MM), which is
characterized by overproduction of nonfunctioning, monoclonal immunoglobulins, and/or light
chains. Generalized lymphadenopathy is not typical for MM. This patient has CLL, which is rather
associated with leukocytosis with concurrent hypogammaglobulinemia due to dysfunctional
leukocytes and suppression of normal hematopoiesis.
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Question # 18

A 29-year-old man comes to the physician because of a 3-month history of fatigue, weight loss, and
multiple painless swellings on his neck and axilla. He reports that his swellings become painful after he
drinks alcohol. Physical examination shows nontender cervical and axillary lymphadenopathy. A lymph
node biopsy specimen shows giant binucleate cells. Which of the following is the most likely diagnosis?

Answer Image
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B || Diffuse large B-cell lymphoma

C || Mycobacterial infection

D || Adult T-cell lymphoma

E || Acute lymphocytic leukemia

F || Acute retroviral syndrome
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Hint

The giant cells seen on biopsy are likely to be positive for CD15 and CD30.
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Correct Answer

Explanation But

Hodgkin lymphoma is associated with EBV infection.
Explanation Why

The combination of localized lymphadenopathy, alcohol-induced pain, and B symptoms should raise
concern for Hodgkin lymphoma. This patient's age further supports the diagnosis of Hodgkin

lymphoma, which has a bimodal age distribution, with the highest prevalence in the 3" and 6-gth
decades of life. Lymph node biopsy findings can show Reed-Sternberg cells, which are CD15/
30-positive, polynuclear giant cells that originate from B cells. Reed-Sternberg cells are
pathognomonic for Hodgkin lymphoma and would confirm the diagnosis.
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B - Diffuse large B-cell ymphoma

Explanation Why

Diffuse large B-cell lymphoma (DLBCL) is the most common type of non-Hodgkin lymphoma in
adults. Although lymphadenopathy and B symptoms are frequently seen in DLBCL, this patient's
histopathologic findings and alcohol-induced pain would not be expected.

C - Mycobacterial infection

Explanation Why

Tuberculosis can manifest with B symptoms and lymphadenopathy. However, other hallmarks of
pulmonary tuberculosis, such as a history of cough or hemoptysis, are not seen in this patient.
Moreover, this patient's histopathologic findings and alcohol-induced pain would not be expected.

D - Adult T-cell lymphoma

Explanation Why

Adult T-cell lymphoma is an aggressive type of non-Hodgkin lymphoma that can manifest with B
symptoms and lymphadenopathy. However, this patient does not have other features of adult T-cell
lymphoma, such as cutaneous lesions, bone pain (due to lytic bone lesions), and signs of
hypercalcemia. Moreover, this patient's histopathologic findings and alcohol-induced pain would not
be expected.
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E - Acute lymphocytic leukemia

Explanation Why

Acute lymphocytic leukemia (ALL) is the most common form of childhood leukemia and typically
manifests with B symptoms and lymphadenopathy. However, unlike in this patient, symptoms of
pancytopenia (e.g., weakness, pallor, or easy bruising) are usually seen. Moreover, this patient's
histopathologic findings and alcohol-induced pain would not be expected.

F - Acute retroviral syndrome

Explanation Why

Acute retroviral syndrome is the classic manifestation of new-onset HIV infection. It manifests with
a variety of symptoms, including fever, fatigue, rash, and lymphadenopathy, some of which are seen
in this patient. However, this patient's histopathologic findings and alcohol-induced pain would not
be expected.
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Question # 19

A 7-year-old boy is brought to the physician by his father because of a 1-day history of a pruritic rash on

his trunk and face. Five days ago, he developed low-grade fever, nausea, and diarrhea. Physical

examination shows a lace-like erythematous rash on the trunk and face with circumoral pallor. The agent
most likely causing symptoms in this patient has selective tropism for which of the following cells?

Answer

Image

A || Epithelial cells

B || B lymphocytes

C || T lymphocytes

8-28 days
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Answer

Image

Erythroid progenitor cells

Erythema infectiosum
Fifth disease

Pathogen
Parvovirus B19

Course
Exant

Treatment
Symptomatis

Vaccine
Nor

Sensory neuronal cells

Monocytes
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Hint

Infection with this pathogen during pregnancy can lead to hydrops fetalis.
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Correct Answer

A - Epithelial cells

Image

Scarlet fever

Second disease. scarlating

Pathogen

Treatment
Antibiotics {e.g.. penicilling

Vaccine

Explanation Why

Certain pathogens (e.g., group A B-hemolytic streptococci) display tropism for epithelial cells.
Infection with GAS can cause scarlet fever, which manifests with an erythematous rash, perioral
pallor, and fever, which are seen in this patient, but it would typically also cause pharyngitis and a
white or strawberry tongue.

B - B lymphocytes

Explanation Why

Certain pathogens (e.g., EBV) display tropism for B lymphocytes. Infection with EBV can cause
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infectious mononucleosis, a highly contagious condition, which spreads via saliva (hence the name
“kissing disease’’). EBV infection can manifest with fever and pruritic rash, which are seen in this
patient, but acute pharyngitis, tonsillitis, lymphadenopathy, and splenomegaly would also be
expected.

C - T lymphocytes

Image

Chicken pox
Waricella

Pathogen
..‘ FCE

Course
W, ClEs

Complications

Treatment
Symptematic

Vaccine

Explanation Why

Certain pathogens (e.g., VZV and HIV) display tropism for T lymphocytes. Given this patient's age,
he could have chickenpox caused by a primary infection with VZV. Chickenpox typically manifests
with a pruritic rash and fever, which are seen here. However, the rash would be more widespread,
involving not only the face and trunk, but also the scalp, extremities, oral and urogenital mucosa,
palms, and soles. Moreover, a characteristic feature of chickenpox is the simultaneous occurrence of
various stages of rash (macules, papules, vesicles, crusted papules), which is not seen in this patient.
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Image
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Explanation Why

A 7-year-old patient with a pruritic, lace-like erythematous rash on his trunk and face that developed
5 days after a low-grade fever, nausea, and diarrhea most likely has a parvovirus B19 infection.
Parvovirus B19 has selective tropism for erythroid progenitor cells. Infection of these cells can result
in temporary suspension of erythropoiesis, which leads to transient aplastic crisis.

E - Sensory neuronal cells

Explanation Why

Certain pathogens (e.g., VZV, HSV-1, or HSV-2) display tropism for sensory neuronal cells and
remain dormant within sensory nerve ganglia following primary infection. A primary infection with
VZV typically manifests with a pruritic rash and fever, which are seen in this patient. However, the
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rash would be more widespread, involving not only the face and trunk, but also the scalp,
extremities, oral and urogenital mucosa, palms, and soles. Herpes simplex virus infections typically
only cause localized symptoms (aphthous stomatitis, herpes labialis, or herpes genitalis).

F - Monocytes

Explanation Why

Certain pathogens (e.g., the measles virus and CMV) display tropism for monocytes. While measles
typically manifests with conjunctivitis, coryza, and cough, followed by sudden development of a
high fever, malaise, and an erythematous, maculopapular rash, this patient presents with low-grade
fever and a lace-like erythematous rash with perioral sparing. CMV infection usually remains
asymptomatic in immunocompetent patients.
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Question # 20

A 19-year-old man comes to the physician for evaluation of night sweats, pruritus, and enlarging masses
in his right axilla and supraclavicular area for 2 weeks. Physical examination shows painless, rubbery
lymphadenopathy in the right axillary, supraclavicular, and submental regions. An excisional biopsy of
an axillary node is performed. If present, which of the following features would be most concerning for

a neoplastic process?

Answer

Image

Polyclonal proliferation of
A || lymphocytes with a single
nucleus

Abundant lymphocytes in a wide
B || range of sizes and shapes in
medullary cords

Preponderance of lymphocytes
C || with a single immunoglobulin
variable domain allele

Positive staining of the
D || paracortex for cluster of
differentiation 8
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Answer

Diffuse mitotic activity in
secondary follicles

Predominance of histiocytes in
the medullary sinuses
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Hint

Primary neoplasms of the lymph nodes involve uncontrolled proliferation of a single transformed
immune cell that normally resides there.
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Correct Answer

A - Polyclonal proliferation of lymphocytes with a single nucleus

Explanation Why

Polyclonal proliferation of lymphocytes within reactive lymph nodes is a normal response to
infection and is not indicative of a neoplastic process. Malignant cells often display atypical nuclei.
However, a single, oval-shaped nucleus with an even distribution of chromatin is consistent with a
healthy cell.

B-

Abundant lymphocytes in a wide range of sizes and shapes in medullary cords

Explanation Why

Lymphocytes and plasma cells normally occupy the medullary cords and multiply in response to
stimulation such as infection. Depending on their stage of development, these cells are of different
sizes and shapes, which is known as pleomorphism. This is a benign finding and not indicative of a

neoplastic process.

Explanation Why

B lymphocytes with a single immunoglobulin variable domain allele indicate that these cells are
monoclonal, i.e., they all arose from a single progenitor cell. The normal response to infection is a
polyclonal proliferation of B lymphocytes with varying immunoglobulin alleles, whereas
uncontrolled monoclonal proliferation from a single transformed cell occurs in lymphoid
malignancies. T cells, in turn, rearrange their T-cell receptor genes during maturation. The
preponderance of a single allele encoding the variable segment of the T-cell receptor is suggestive of
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monoclonal proliferation.

D - Positive staining of the paracortex for cluster of differentiation 8

Image
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Explanation Why

CDS8, a surface protein found on cytotoxic T cells, is a co-receptor for the T-cell receptor and binds to
MHC class I molecules expressed on antigen-presenting cells. Since the paracortex of lymph nodes

is normally rich in T cells, CcD8" staining within the paracortex would be a normal finding and not
indicative of a neoplastic process.
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E - Diffuse mitotic activity in secondary follicles

Explanation Why

Secondary follicles are active lymphoid follicles with a dense mantle zone and a germinal center, in
which B cells proliferate and mature in response to stimulation such as infection. Diffuse mitotic
activity in secondary follicles is a benign finding and not indicative of a neoplastic process.

F - Predominance of histiocytes in the medullary sinuses

Explanation Why

Sinus histiocytes are macrophages that reside in the medulla of lymph nodes. They are a normal
finding and do not indicate a neoplastic process.
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Question # 21

A 4-year-old boy is brought to the physician by his mother because of generalized weakness and
difficulty walking for the past month. Laboratory studies show a hemoglobin concentration of 6.6 g/dL,

mean corpuscular volume of 74 um3, platelet count of 150,000/rnm3, and serum total bilirubin of

2 mg/dl. An MRI of the spine shows low signal intensity in all vertebral bodies and a small epidural
mass compressing the spinal canal at the level of L1. A CT scan of the head shows osteopenia with
widening of the diploic spaces in the skull. A biopsy of the epidural mass shows erythroid colonies with

an abundance of megakaryocytes and myeloid cells. Which of the following is the most likely

diagnosis?

Answer

Image

A || Hereditary spherocytosis

B || G6PD deficiency

C || Aplastic anemia

D || Lead poisoning

E || Multiple myeloma
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Answer

Image

Beta-thalassemia
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Hint

The presence of both erythroid colonies in the epidural space on biopsy and widening of the diploic
spaces in the skull on imaging (with a characteristic hair-on-end appearance) indicate that this patient is
undergoing extramedullary hematopoiesis.
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Correct Answer

A - Hereditary spherocytosis

Explanation Why

Hereditary spherocytosis can cause anemia and hyperbilirubinemia as a result of hemolysis.
However, in hereditary spherocytosis, extramedullary hematopoiesis is rare, and patients usually
develop normocytic anemia, not microcytic anemia.

B - G6PD deficiency

Explanation Why

G6PD deficiency can cause anemia and hyperbilirubinemia as a result of hemolysis, but only after
exposure to significant oxidative stress (e.g., infection, consumption of fava beans). Furthermore, in
G6PD deficiency, extramedullary hematopoiesis is rare, and patients usually develop normocytic
anemia, not microcytic anemia.

C - Aplastic anemia

Explanation Why

Aplastic anemia manifests with pancytopenia and normocytic anemia, unlike this patient with a
normal platelet count and microcytic anemia. Moreover, aplastic anemia would not be associated
with hyperbilirubinemia and it does not lead to extramedullary hematopoiesis.
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D - Lead poisoning

Explanation Why

Lead poisoning can cause microcytic anemia as well as mild hyperbilirubinemia due to hemolysis.
However, this patient does not have the typical clinical manifestations of lead poisoning (e.g.,
intestinal colic, anorexia, constipation, encephalopathy). Furthermore, lead poisoning does not cause
extramedullary hematopoiesis.

E - Multiple myeloma

Image

Explanation Why

Multiple myeloma (MM) would cause anemia and masses in the soft tissue (extramedullary
plasmacytoma) or bone. However, the anemia associated with MM is normocytic or macrocytic, not
microcytic, and a biopsy of such a mass would show > 10% clonal plasma cells, not erythroid
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colonies. Moreover, imaging of the skull would reveal focal lytic lesions (“pepper pot skull”), not
widening of the diploic spaces as seen here. Finally, multiple myeloma is typically diagnosed among
adults; it is extremely rare among children.

Image

Explanation But

While extramedullary hematopoiesis in the spleen and liver is physiological during fetal
development, it is always pathological after birth. It can also occur in chronic myeloproliferative
disorders such as primary myelofibrosis or in metastatic malignancies that replace the functional
bone marrow.

Explanation Why

In patients with beta-thalassemia, defective hemoglobin chain synthesis results in ineffective
hematopoiesis and subsequent chronic anemia. In a state of severe chronic anemia, extramedullary
hematopoiesis often occurs as a compensatory mechanism. Extramedullary hematopoiesis most
commonly involves the paravertebral areas, as seen in this patient, followed by the liver, spleen, and

lymph nodes.
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Question # 22

A 19-year-old woman comes to the physician because of a 1-month history of mild fatigue and

weakness. Physical examination shows no abnormalities. Her hemoglobin concentration is 11 g/dL and

mean corpuscular volume is 74 um3. Hemoglobin electrophoresis shows 10% HbA2 (normal < 3.5%).

Which of the following is the most likely diagnosis?

Answer

Image

A || Beta thalassemia minor

B || Hemoglobin Barts disease

C || Alpha thalassemia minima

D || Hemoglobin H disease

E Sickle cell trait
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Hint

This patient has a type of microcytic anemia that is sometimes confused with iron-deficiency anemia but
would not respond to iron supplementation. In addition to the significant elevation of HbA2, her
hemoglobin electrophoresis most likely also shows decreased concentration of HbA and increased
concentration of HbF.
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Correct Answer

Explanation Why

Beta thalassemia minor (mutations in one of the two alleles coding for B-globin chains) manifests as
a mild microcytic anemia with decreased HbA (aof) and compensatory increase of HbA2 (00dd)
and HbF (aayy). Unlike beta thalassemia major (two deficient alleles), beta thalassemia minor
usually manifests later in life, causes milder anemia, and rarely causes splenomegaly, which matches
this patient's clinical presentation.

B - Hemoglobin Barts disease

Explanation Why

Hemoglobin Barts disease, the most severe type of alpha thalassemia, is caused by a deletion of all 4
a-globin gene loci and results in excessive production of pathologic y-globin tetramer. It causes
hydrops fetalis and leads to intrauterine fetal demise or death shortly after birth.

C - Alpha thalassemia minima

Explanation Why

Alpha thalassemia minima, the most benign type of alpha thalassemia, is caused by a deletion of 1
out of 4 g-globin gene loci. It manifests with normal HbA», unlike in this patient. Moreover, patients
with alpha thalassemia minima are classically asymptomatic.
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D - Hemoglobin H disease

Explanation Why

Hemoglobin H disease, a severe type of alpha thalassemia, is caused by a deletion of 3 out of 4 a-
globin gene loci and results in excessive production of pathologically altered HbH. It usually
manifests in neonates with mild to moderate anemia, hepatosplenomegaly, and jaundice. While it
causes decreased HbA, which would be expected in this patient, it is also associated with decreased
HbA> and HbF.

E - Sickle cell trait

Explanation Why

Sickle cell trait manifests in patients with a mutation in only one of the two -globin alleles. While
sickle cell trait manifests with decreased HbA, which is expected in this patient, it would be also
associated with elevated HbAS. In addition, it causes a normocytic (not a microcytic) anemia and
does not manifest with the elevated HbA2 seen in this patient.
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Question # 23

A 28-year-old woman, gravida 1, para 0, at 20 weeks' gestation comes to the physician with her husband
for a prenatal visit. Her pregnancy has been uncomplicated. They are planning to travel to Ethiopia next
month to visit the husband's family. Medications include folic acid and an iron supplement. Vital signs
are within the normal range. Abdominal examination shows a uterus that is consistent with a 20-week
gestation. Which of the following drugs is most suitable for pre-exposure prophylaxis against malaria?

Answer

Image

A || Doxycycline

B || Primaquine

C || Mefloquine

ine
[ M| Quinine

(| Doxycycline

and malariae only

D || Chloroquine

E || Proguanil
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Hint

Sub-Saharan Africa (including Ethiopia) and Southeast Asia are areas that have high rates of
drug-resistant Plasmodium falciparum.
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Correct Answer

A - Doxycycline

Explanation Why

Doxycycline can be used in areas where P._falciparum is prevalent and resistance to chloroquine is
likely, e.g., Ethiopia. However, like all tetracyclines, it should be avoided during pregnancy because
studies suggest an association with discoloration of deciduous teeth and higher rates of congenital
abnormalities such as neural tube defects.

B - Primaquine

Explanation Why

Primaquine can be used for pre-exposure prophylaxis against Plasmodium vivax and Plasmodium
ovale, which are prevalent in some regions of Central and South America, Mexico, China, and
Southeast Asia. However, the species prevalent in Sub-Saharan Africa (including Ethiopia) is P.
falciparum, against which primaquine is less effective. In addition, primaquine can cause hemolysis
in patients with glucose-6-phosphate dehydrogenase (G6PD) deficiency. Since fetal red cells are
relatively deficient in G6PD, primaquine is contraindicated during pregnancy.
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Explanation Why

Mefloquine is the prophylactic medication of choice for pregnant women traveling to areas where P.
falciparum is endemic and resistance to chloroquine is likely. Other options, e.g., doxycycline, are

Artemether
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Artesunate
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B P vivax and falciparum only
P. falciparum only

B P vivax, ovale, and malariae only

contraindicated during pregnancy due to adverse effects on the fetus.

D - Chloroquine

Explanation Why

Chloroquine is safe to use during pregnancy, but resistance is now widespread. The only areas where
P, falciparum is not generally resistant to chloroquine are the Caribbean, Central America west of the

Panama Canal, and some regions in the Middle East.
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E - Proguanil

Explanation Why

Proguanil is safe to use during pregnancy, but, given alone, it does not provide full coverage against
P. falciparum, which is endemic in Ethiopia, due to drug resistance. In combination with atovaquone,
proguanil would be a viable option for this patient.
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Question # 24

A 14-year-old boy is brought to the emergency department because of a 2-day history of fatigue. He
reports that during this time he has had occasional palpitations and shortness of breath. He has sickle cell
disease. Current medications include hydroxyurea and folic acid. He appears fatigued. His temperature
is 38.3°C (100.9°F), pulse is 120/min, respirations are 24/min, and blood pressure is 112/74 mm Hg.
Examination shows pale conjunctivae. Cardiac examination shows a midsystolic ejection murmur.

Laboratory studies show:

Hemoglobin 6.4 g/dl
Leukocyte count 6,000/mm3
Platelet count 168,000/mm3

Mean corpuscular volume || 84 ym?

Reticulocyte count 0.1%

Which of the following is the most likely underlying cause of these findings?

Answer

Image

A || Parvovirus B19

B || Medication-induced hemolysis

C || Defect in erythrocyte membrane proteins

D || Splenic vaso-occlusion
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Answer

Image

Hemolytic crisis
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Hint

This patient has sickle cell disease (SCD) and presents with severe symptomatic anemia (evident from
his palpitations, shortness of breath, tachycardia, and ejection murmur) and a low reticulocyte count,
which suggests impaired erythropoiesis.
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Correct Answer

Explanation Why

This boy's anemia is most likely due to an infection with parvovirus B19, which is commonly
associated with a transient cessation of erythropoiesis in patients with SCD. In otherwise healthy
individuals, red blood cells (RBCs) have a consistent lifespan in balance with new RBC production,
so that clinically relevant drops in hemoglobin are very rare. However, patients with underlying
hemolytic anemias, such as SCD and hereditary spherocytosis, have RBCs with a decreased lifespan.
In these patients, the transient cessation of erythropoiesis may result in an acute drop in Hb with
associated reticulocytopenia (i.e., transient aplastic crisis). TAC is usually self-limited and
reticulocyte production recurs within a few days.

B - Medication-induced hemolysis

Explanation Why

Medication-induced hemolysis is commonly seen in patients with glucose-6-phosphate
dehydrogenase deficiency. Drugs that may lead to hemolysis include antimalarial drugs (e.g.,
chloroquine, primaquine), sulfa drugs (e.g., trimethoprim-sulfamethoxazole), nitrofurantoin,
isoniazid, dapsone, NSAIDs, ciprofloxacin, and chloramphenicol. Patients often present with an
acute drop in hemoglobin. However, hemolytic anemia is usually associated with an increased
reticulocyte count. Moreover, this patient has a history of SCD and did not receive any of the
previously mentioned medications.

C - Defect in erythrocyte membrane proteins

Explanation But

SCD is associated with abnormal hemoglobin rather than dysfunctional erythrocyte membrane
proteins.
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Explanation Why

A defect in erythrocyte membrane proteins (e.g., ankyrin, spectrin) is seen in patients with hereditary
spherocytosis. Like SCD, hereditary spherocytosis may also manifest with aplastic crisis, as seen
here. However, hereditary spherocytosis is not known to cause aplastic crisis in patients with SCD.

D - Splenic vaso-occlusion

Explanation Why

Splenic vaso-occlusion is the underlying cause of splenic sequestration crisis, which usually presents
with acute-onset anemia, as seen here. However, unlike in this boy, anemia in splenic sequestration
crisis is associated with an increased reticulocyte count. Additionally, patients characteristically have
acute left upper quadrant pain (due to rapid enlargement of the spleen) and signs of intravascular
volume depletion (e.g., severe hypotension) due to blood being trapped in the spleen. Lastly, splenic
sequestration crisis primarily affects infants and young children; older children and adults with SCD
often have a nonfunctional, atrophic spleen because of years of damage from sickled cells.

E - Hemolytic crisis

Explanation Why

Hemolytic crisis is the underlying cause of hyperhemolysis. Patients with hyperhemolysis present
with acute-onset anemia, as seen here. However, they do not have bone marrow suppression and their
reticulocyte count is increased in order to compensate for the decreased hemoglobin.
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Question # 25

A previously healthy 68-year-old woman is brought to the emergency department because of a 3-day
history of nausea, anorexia, polyuria, and confusion. Her only medication is acetaminophen, which she
takes daily for back pain that started 6 weeks ago. Physical examination shows conjunctival pallor. She
is oriented to person but not to time or place. Laboratory studies show a hemoglobin concentration of
9.3 g/dL, a serum calcium concentration of 13.8 mg/dL, and a serum creatinine concentration of

2.1 mg/dL. Her erythrocyte sedimentation rate is 65 mm/h. Which of the following is the most likely
underlying cause of this patient's condition?

Answer Image

A || Excessive intake of calcium

B || Overproliferation of plasma cells

C || Ectopic release of PTHrP

D || Decreased renal excretion of calcium

E || Increased production of calcitriol

F || Excess PTH secretion from parathyroid glands
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Hint

This patient's nausea, anorexia, polyuria, and confusion are most likely secondary to hypercalcemia. The
combination of hypercalcemia, anemia, back pain, renal dysfunction (as indicated by the increased
serum creatinine concentration), and elevated ESR is highly suggestive of a particular etiology of her
symptoms.
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Correct Answer

A - Excessive intake of calcium

Explanation Why

Excessive calcium intake (e.g., from dietary supplements) can cause milk-alkali syndrome when
taken with an absorbable alkali (e.g., calcium carbonate). Milk-alkali syndrome can manifest with
hypercalcemia and kidney injury, as seen in this patient. However, it would not explain her anemia or
back pain. In addition, this patient does not take any absorbable alkali.

Explanation Why

This patient's symptoms and lab abnormalities are suggestive of multiple myeloma (MM), a plasma
cell dyscrasia characterized by uncontrolled proliferation of monoclonal plasma cells in the bone
marrow. The infiltration of neoplastic cells subsequently suppresses hematopoiesis, which causes
anemia and, less commonly, leukopenia and thrombocytopenia. MM is also characterized by
osteolysis, which results in hypercalcemia and diffuse bone pain. Kidney injury in patients with MM
is usually the result of deposition of light chain cast nephropathy (myeloma kidney) and
hypercalcemia. The excess production of monoclonal protein by malignant plasma cells leads to
increased serum viscosity and, consequently, elevated ESR.

C - Ectopic release of PTHrP

Explanation Why

Ectopic parathyroid hormone-related protein (PTHrP) release can lead to paraneoplastic
hypercalcemia. This condition is particularly associated with breast cancer, squamous cell lung
cancer, and bladder cancer. PTHrP functions similarly to parathyroid hormone by increasing the
release of calcium from bone and the reabsorption of calcium by the kidney. Although an association
between paraneoplastic hypercalcemia and anemia of chronic disease may exist, these conditions
would not explain this patient's elevated creatinine.
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D - Decreased renal excretion of calcium

Explanation Why

Decreased renal excretion of calcium is a feature of multiple conditions that result in hypocalciuria
but do not typically cause symptomatic hypercalcemia. Hypocalciuria with symptomatic
hypercalcemia is a finding in patients taking excessive amounts of thiazide diuretics. However, this
patient is not known to be taking thiazides and she lacks other symptoms of thiazide overdose,
including metabolic alkalosis and hypokalemia.

E - Increased production of calcitriol

Explanation Why

Hypervitaminosis D, which can be due to increased production of calcitriol, can cause hypercalcemia
by increasing intestinal calcium absorption and bone resorption. Excessive production of calcitriol
can occur in patients with granulomatous diseases (e.g., sarcoidosis) or lymphoma secondary to
increased expression of 1-alpha hydroxylase. This patient has no symptoms suggestive of
granulomatous disease. Though a lymphoma could cause anemia of chronic disease, this patient has
no other symptoms suggestive of this condition (e.g., lymphadenopathy), and lymphoma does not
account for this patient's bone pain or increased serum creatinine.

F - Excess PTH secretion from parathyroid glands

Explanation Why

Excess parathyroid hormone secretion indicates hyperparathyroidism. Elevated PTH in combination
with elevated calcium is suggestive of either primary hyperparathyroidism or rarely, tertiary
hyperparathyroidism. In both conditions, oversecretion of PTH increases the release of calcium from
bone and the reabsorption of calcium by the kidney, which may result in bone pain (e.g., this
patient's back pain) and signs of hypercalcemia (nausea, anorexia, polyuria, and confusion).
However, hyperparathyroidism does not cause anemia or an elevated ESR.
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Question # 26

Four days after admission to the hospital for severe dehydration due to profuse, bloody diarrhea, a
10-year-old boy is evaluated for decreased urine output. Physical examination shows generalized
abdominal tenderness and numerous punctate, non-blanching macules on the trunk and extremities.
Serum creatinine and urea nitrogen are elevated. A peripheral blood smear shows schistocytes. Which of
the following sets of laboratory values is most likely in this patient?

Prothrombin time || Partial thromboplastin time || Bleeding time || Platelet count

A || Normal Normal Increased Decreased

B || Increased Increased Normal Normal

C || Increased Increased Increased Decreased

D || Normal Normal Increased Normal

E || Normal Increased Normal Normal
Answer Image

Al A

B |l B

C || C
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Answer

Image

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Hint

Oliguria, petechial lesions, microangiopathic hemolytic anemia, and acute kidney injury in the setting of
bloody diarrhea is highly suggestive of hemolytic uremic syndrome (HUS). HUS is caused by Shiga
toxin-producing enterohemorrhagic Escherichia coli (STEC).
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Correct Answer

Image

Explanation Why

In HUS, endothelial dysfunction leads to the formation of microthrombi in the arterioles and
capillaries, especially in the kidney, where it can precipitate acute kidney injury (AKI). Erythrocytes
and platelets also undergo mechanical damage as they pass through the microcirculation, as seen in
the schistocytes on peripheral smear. Platelet dysfunction manifests as increased bleeding time as a
result both of the resultant thrombocytopenia and the negative effects of uremia on platelet function
from AKI. PT and PTT are typically normal but may be slightly elevated.
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Explanation Why

Elevated PT and PTT with preservation of platelet count and bleeding time can be seen in
hemorrhagic disease of the newborn due to vitamin K deficiency, which occurs due to the inability to
synthesize vitamin K. This constellation of findings can also be seen in liver cirrhosis, although
typically there is concurrent thrombocytopenia with resultant increased bleeding time in advanced
cirrhosis. This patient's age makes this diagnosis unlikely and his presentation is more consistent
with an alternative diagnosis.

Explanation Why

An increase in PT, PTT, and bleeding time is the hallmark of disseminated intravascular coagulation
(DIC). The platelet count in patients with DIC is usually also reduced due to rapid consumption
(consumptive coagulopathy). DIC is often a result of trauma, shock, or a very severe underlying
illness (e.g., sepsis). However, this patient's hemolytic anemia and oliguria following a
dysentery-like illness suggest a different diagnosis.

D-D

Explanation Why

An isolated increase in bleeding time can be seen with aspirin use, as well as in isolated platelet
disorders such as Glanzmann thrombasthenia. Hemolytic anemia, acute kidney injury, and a history
of dysentery-like illness are not consistent with aspirin use alone and a different set of findings is
more likely.
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Explanation Why

An isolated increase in PTT can be seen with heparin administration, as it inhibits the action of
thrombin and factor Xa by increasing the activity of antithrombin. Platelets are unaffected by
heparin, except in the setting of heparin-induced thrombocytopenia (HIT). This patient has no
reported history of heparin use, however, and his presentation and history suggest another diagnosis.
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Question # 27

A 59-year-old woman comes to the physician because of left leg swelling that started after a

transcontinental flight. A duplex ultrasound of the left leg shows a noncompressible popliteal vein. A
drug is prescribed that inhibits the coagulation cascade. Two weeks later, laboratory studies show:

Platelet count 21 O,OOO/mm3
Partial thromboplastin time || 53 seconds
Prothrombin time 20 seconds

Thrombin time

15 seconds (control: 15 seconds)

Which of the following drugs was most likely prescribed?

Answer

Image

A || Alteplase

B || Dabigatran

C || Aspirin

D || Unfractionated heparin

E || Apixaban

F Warfarin
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Answer

Image

Ticagrelor

Low molecular weight heparin
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Hint

This patient's prolonged PT and PTT with normal platelet count and thrombin time indicate an oral
anticoagulant was given that directly inhibits factor Xa.
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Correct Answer

A - Alteplase

Explanation Why

Alteplase is a recombinant tissue plasminogen activator that enhances thrombolysis and is most
commonly used to treat myocardial infarction, massive pulmonary embolism, and acute ischemic
stroke. Expected laboratory findings would include prolonged PT and PTT with normal platelet
count, which are seen here. However, a prolonged thrombin time would also be expected.

B - Dabigatran

Explanation Why

Dabigatran is a novel oral anticoagulant that directly inhibits thrombin. It may be used for venous
thromboembolism and is also commonly used for anticoagulation when HIT is suspected. Because of
its mechanism, the thrombin time is most often prolonged, and there is no major effect on PT and
PTT.

C - Aspirin

Explanation Why

Aspirin inhibits platelet aggregation by interfering with cyclooxygenase-1, which impairs the
synthesis of thromboxane A2 in platelets. This drug also inhibits cyclooxygenase-2, which accounts
for its antipyretic, anti-inflammatory, and analgesic properties. Although patients taking aspirin most
often have a prolonged bleeding time, which reflects the drug's effect on platelet activity, the
coagulation cascade is unaffected. Normal PT, PTT, and thrombin time values would, therefore, be
expected.
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D - Unfractionated heparin

Explanation Why

Unfractionated heparin indirectly inhibits factor X through its activation of antithrombin III. While
heparin is also commonly used for the treatment of DVT or PE, it is given intravenously and
typically does not affect the PT. Expected laboratory findings with heparin therapy would include
prolonged thrombin time and PTT.

Explanation Why

Apixaban is a factor Xa inhibitor; inhibition of factor Xa affects the common pathway, leading to
prolongation of both prothrombin time (PT) and partial thromboplastin time (PTT) but no change in
the thrombin time (TT). Other drugs in this class include rivaroxaban, edoxaban, and fondaparinux
(indirectly inhibits factor Xa). Factor Xa inhibitors are commonly used to treat DVT and PE and do
not typically require monitoring of coagulation parameters.

F - Warfarin

Explanation Why

Warfarin inhibits synthesis of the vitamin K dependent factors (factors II, VII, IX, and X, protein C,
and protein S) by interfering with the activity of vitamin K epoxide reductase and is a commonly
used oral medication for the treatment of venous thromboembolism. The classic laboratory change
seen in patients taking warfarin is a prolonged PT (which is often represented by the INR); prolonged
PTT would not be expected after administration of normal doses of this drug.
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G - Ticagrelor

Explanation Why

Ticagrelor is an ADP receptor (P2Y 12) inhibitor that interrupts platelet aggregation and is most
commonly used in patients with myocardial infarction or stroke. Ticagrelor is not part of the

recommended treatment for DVT and generally does not affect coagulation parameters such as PT
and PTT.

H - Low molecular weight heparin

Explanation Why

Low molecular weight heparin binds to antithrombin III, enhancing its inhibitory effect on activated
factor X and decreasing the production of thrombin from prothrombin. LMWH is commonly used in
the treatment of DVT and PE but is given subcutaneously. Expected laboratory findings would
include prolonged TT and PTT with normal PT (unless very high doses are given, in which case PT
may also be prolonged). Anti-factor Xa levels can also be used to monitor the drug's effect.
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Question # 28

An investigator is studying genetic mutations of coagulation factors from patient samples. Genetic
sequencing of one patient's coagulation factors shows a DNA point mutation that substitutes guanine for
adenine. The corresponding mRNA codon forms a glutamine in place of arginine on position 506 at the
polypeptide cleavage site. This patient's disorder is most likely to cause which of the following?

Answer

Image

A || Petechiae

B Cerebral vein thrombosis

C Hemarthrosis

D || Iron deficiency

E Ischemic stroke

Antiphospholipid syndrome
(APS)

Etiology
Secondary forms
with SLE
Epidemiology

Antibody serology
L
an

iy
Arterial or verous
thrombosis

Liveda reticulars

.
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Hint

This mutation results in resistance to degradation by activated protein C.
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Correct Answer

A - Petechiae

Explanation Why

Petechiae are seen in association with disorders of the blood vessels or platelet abnormalities.
Common conditions in which petechiae can be seen include thrombocytopenic disorders (e.g., ITP),
vasculitis, viral hemorrhagic disorders, and vitamin deficiencies (e.g., scurvy). This patient's genetic
mutation suggests an underlying thrombophilia disorder and not a bleeding disorder.

Explanation Why

Cerebral venous thrombosis is most likely to be associated with this patient's genetic mutation.
Factor V Leiden accounts for > 90% of activated protein C (APC) resistance and is caused by a point
mutation in the factor V gene that leads to an amino acid substitution that renders factor V resistant
to inactivation by APC. Normally, APC inactivates factor V in the clotting cascade and decreases the
activation of thrombin. However, in patients with this defect, factor V remains active, activates
prothrombin, and increases the risk of thrombotic events. Venous thromboembolism, most commonly
DVT or PE, can be seen in patients with factor V Leiden. Cerebral venous thrombosis can also occur,
particularly in women that use oral contraceptives.

C - Hemarthrosis

Explanation Why

Hemarthrosis is seen in association with hemophilia. Hemophilia A and hemophilia B are X-linked
recessive disorders of hemostasis. Hemophilia A results from factor VIII deficiency and hemophilia
B from factor IX deficiency. Hemophilia can manifest with hemarthrosis and muscular or soft tissue
hematomas. Depending on the severity of clotting factor deficiency, bleeding may occur
spontaneously or in response to trauma. Repeated hemarthrosis can eventually lead to joint
destruction, a serious long-term complication of hemophilia. The patient's genetic mutation described
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in this vignette suggests an underlying thrombophilia disorder and not a bleeding disorder.

D - Iron deficiency

Explanation Why

Iron deficiency is more commonly associated with bleeding disorders. The patient's genetic mutation

suggests an underlying thrombophilia disorder and not a bleeding disorder.

E - Ischemic stroke

Image

'
(APS) 420N

Etiology Amaurosis fugay —————— s ;
L&.'..c'.:‘.i‘:-.;.—!",: forms are often associated migraine
with SLE.

Epidemiology

Antibody serology | PN,
Lupus anticoagulant, ar iolipin
antibodies, anti-f. ghyc
antitxadies

cardiomyopathy

Complications
Catastrophic ARSI = 3 organs are
affected

Prognosis

Increased mortality in secondary APS

e

Livedo reticularis

&> o

Arterial or venous

thrombosis Ulcers

Explanation Why

Ischemic stroke can occur in association with this patient's condition; however, venous

thromboembolism (DVT or PE) is more commonly seen. Arterial thrombosis, ischemic strokes, and

transient ischemic attacks are more likely in other hypercoagulable conditions such as
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antiphospholipid syndrome.
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Question # 29

A 68-year-old man with type 2 diabetes mellitus comes to the physician because of a 5-month history of
episodic palpitations, dizziness, and fatigue. His pulse is 134/min and irregularly irregular, and his blood
pressure is 165/92 mm Hg. An ECG shows a narrow complex tachycardia with absent P waves. He is
prescribed a drug that decreases the long-term risk of thromboembolic complications by inhibiting the
extrinsic pathway of the coagulation cascade. The expected beneficial effect of this drug is most likely
due to which of the following actions?

Answer Image

A || Inhibit the absorption of vitamin K

B || Activate gamma-glutamyl carboxylase

C || Activate factor VII calcium-binding sites

D || Inhibit the reduction of vitamin K

E || Inhibit the phosphorylation of glutamate on the factor II precursor

F || Activate vitamin K epoxide reductase
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Hint

For patients with high-risk atrial fibrillation, warfarin is typically prescribed as a long-term
anticoagulant to prevent thromboembolic complications.
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Correct Answer

A - Inhibit the absorption of vitamin K

Explanation Why

Decreased vitamin K absorption can occur in patients using broad-spectrum antibiotics, which
deplete the gut flora and thereby reduce the production of vitamin K in the gut. Long-term warfarin
use might induce vitamin K deficiency if stores were depleted by blocking vitamin K epoxide
reductase and, therefore, the hepatic synthesis of the active, reduced form of vitamin K. However,
warfarin does not alter vitamin k absorption.

B - Activate gamma-glutamyl carboxylase

Explanation But

Activation of gamma-glutamyl carboxylase would also stimulate the anticoagulants protein C and
protein S. However, the overall net effect would promote coagulation.

Explanation Why

Activation of gamma-glutamyl carboxylase would stimulate vitamin K-dependent coagulation
factors (factors 11, VII, IX, X) and thereby promote coagulation. This patient, however, was
prescribed a long-term anticoagulant. The activity of gamma-glutamyl carboxylase is decreased by
warfarin, not increased.

C - Activate factor VII calcium-binding sites

Explanation Why

Activating factor VII calcium-binding sites would promote coagulation, whereas this patient was
prescribed a long-term anticoagulant. Warfarin inhibits the calcium-binding ability of factors II, VII,
IX, and X, as well as their ability to bind membrane phospholipids, thereby inhibiting hemostasis.
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Explanation Why

This patient's anticoagulant, warfarin, acts by inhibiting vitamin K epoxide reductase. The result is
decreased production of reduced vitamin K, the cofactor required by gamma-glutamyl carboxylase to
activate the precursors of clotting factors II, VII, IX, and X. Without gamma-carboxylation, these
vitamin K-dependent clotting factors cannot bind calcium or membrane phospholipids to achieve
hemostasis.

E - Inhibit the phosphorylation of glutamate on the factor II precursor

Explanation Why

Warfarin does not inhibit the phosphorylation of glutamate on the factor II precursor. Instead, it
inhibits glutamate carboxylation of factor II, VII, IX, and X precursors by interfering with the
required cofactor.

F - Activate vitamin K epoxide reductase

Explanation Why

Activating vitamin K epoxide reductase would increase the production of reduced vitamin K, the
cofactor required for gamma-glutamyl carboxylase to activate clotting factor precursors and thereby
promote coagulation. This patient, however, was prescribed a long-term anticoagulant. Warfarin does

not activate vitamin K epoxide reductase.
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Question # 30

A 3550-g (7.8-1b) male newborn is delivered at term to a 27-year-old, gravida 1, para 1 woman (Rh+).
Within the first 24 hours after birth, the newborn develops fever and a yellow discoloration of skin and
sclerae. Examination shows loss of flexion in the extremities, splenomegaly, and cyanosis. Laboratory
studies show decreased haptoglobin levels and increased LDH levels. A photomicrograph of a peripheral
blood smear is shown. Which of the following is most likely involved in the pathogenesis of this
patient's condition?
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Answer Image
Decrease in
A the reduced
form of
glutathione
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Answer Image
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Hint

Fever, jaundice, splenomegaly, and the laboratory results are suggestive of hemolytic anemia. In
combination with burr cells (also called echinocytes), pyruvate kinase deficiency is the most likely
diagnosis.
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Correct Answer

A - Decrease in the reduced form of glutathione

Explanation Why

A decrease in the reduced form of glutathione can be found in individuals with G6PD deficiency, a
condition in which erythrocytes are more susceptible to oxidant stress (e.g., consumption of fava
beans, sulfa drugs, antimalarials, infection). Hemolytic anemia can be seen after exposure to oxidant
stress. However, peripheral blood smear of a patient with G6PD deficiency would typically show bite
cells, which this patient does not have.

B - Maternal antibodies against the rhesus D antigen

Explanation Why

If a rhesus-negative mother gives birth to a rhesus-positive child, contact with the child's rhesus D
antigens can induce development of maternal rhesus D antibodies. If that mother becomes pregnant
with another rhesus-positive child, the maternal rhesus D antibodies she developed could be passed
to the second child and induce rhesus D hemolytic disease of the newborn. However, this patient's
mother is rhesus-positive and primigravid, which excludes such a diagnosis.

C - Point mutation in f-globin

Explanation Why

Point mutations in B-globin can cause different hemolytic conditions such as sickle cell disease, HbC
disease, and beta-thalassemia. However, these conditions are not associated with the burr cells seen
in this patient's peripheral blood smear and are very rarely symptomatic within the first 24 hours after
birth.
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Image
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Explanation Why

Deficiency of ATP can result from pyruvate kinase deficiency. In glycolysis, pyruvate kinase
converts phosphoenolpyruvate into pyruvate, creating 50% of the RBCs' total ATP. In the absence of
pyruvate kinase, RBCs are deficient in ATP. Both the ATP deficiency itself and a resulting
disturbance of the cation gradient on the RBC membrane lead to hemolysis.

E - Osmotically fragile erythrocytes

Explanation Why

Osmotically fragile erythrocytes are found in individuals with hereditary spherocytosis, a condition
that can lead to extravascular hemolysis. Though splenomegaly is also a common feature of
individuals with hereditary spherocytosis, peripheral blood smear in a patient with hereditary

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

spherocytosis would typically show spherocytes, which this patient does not have.
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Question # 31

A 3-year-old boy is brought to the physician because of a 5-day history of yellowing of his eyes and
skin. He has had generalized fatigue and mild shortness of breath over the past 2 months. Examination
shows pale conjunctivae and scleral jaundice. The spleen is palpated 4 cm below the left costal margin.
Laboratory studies show a hemoglobin concentration of 8.5 g/dL and a mean corpuscular volume of

76 um3. A peripheral blood smear shows round erythrocytes that lack central pallor. Which of the

following is the most likely cause of the splenomegaly seen in this child?

Answer

Image

A || Passive venous congestion

B || Neoplastic infiltration

C || Reticuloendothelial hyperplasia

D || Metabolite accumulation

E || Work hypertrophy

F || Extramedullary hematopoiesis
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Hint

The constellation of jaundice, anemia, and splenomegaly in a child with a peripheral smear showing
spherocytes is strongly suggestive of hereditary spherocytosis.
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Correct Answer

A - Passive venous congestion

Explanation Why

Passive venous congestion is the mechanism of splenomegaly in patients with splenic vein
thrombosis or portal hypertension due to cirrhosis. Cirrhosis would be associated with jaundice,
fatigue, and anemia. However, anemia in chronic liver disease is usually normocytic or macrocytic
rather than microcytic. Moreover, in chronic liver disease, peripheral blood smear would show
acanthocytes and target cells, but not spherocytes. Splenomegaly in patients with hereditary
spherocytosis is not due to passive venous congestion.

B - Neoplastic infiltration

Explanation Why

Neoplastic infiltration of the spleen can be seen in leukemias and lymphomas, which can manifest
with anemia and jaundice. Certain forms of acute leukemia such as acute lymphoblastic leukemia
(ALL) typically occur in children. However, a peripheral blood smear would show numerous
lymphoblasts, not spherocytes. Chronic lymphocytic leukemia (CLL) can also manifest with
spherocytosis, which are also seen here, albeit due to autoimmune hemolytic anemia. However, CLL
typically occurs among adults and a peripheral blood smear would also show smudge cells.

C - Reticuloendothelial hyperplasia

Explanation Why

The splenic white pulp and the marginal zone form the reticuloendothelial region of the spleen.
Reticuloendothelial hyperplasia is characteristic of certain infections (e.g., typhoid, infectious
mononucleosis, or CMV infection) and certain connective tissue diseases (e.g., SLE or sarcoidosis).
However, reticuloendothelial hyperplasia is not a feature of hereditary spherocytosis, which this
patient has.

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

D - Metabolite accumulation

Explanation Why

An accumulation of glucocerebrosides in Gaucher disease, sphingomyelin in Niemann-Pick disease,
heparan sulfate and dermatan sulfate in Hurler syndrome, triglycerides in familial
hyperchylomicronemia, and amyloid protein in systemic amyloidosis can all cause splenomegaly.
With the exception of systemic amyloidosis, all of the aforementioned conditions manifest during
childhood with jaundice due to liver damage and/or cholestasis. Gaucher disease can also cause
anemia as a result of bone marrow infiltration. However, spherocytosis would not be expected in any
of these conditions and other features characteristic of these conditions (e.g., signs of
neurodegeneration) have not been reported in this patient.

Explanation Why

Work hypertrophy is the increase in the size of the splenic red pulp in response to increased demand
on the spleen's hemofiltration capacity. Normally, macrophages in the red pulp phagocytize damaged
and abnormal erythrocytes so that they do not reenter circulation. In hereditary spherocytosis, the
high proportion of fragile spherocytes causes an increased number of damaged erythrocyte remnants,
necessitating increased filtration by the red pulp. Increased splenic activity is also responsible for
splenomegaly in other extravascular hemolytic anemias (e.g., thalassemia, sickle cell disease).

F - Extramedullary hematopoiesis

Explanation Why

Extramedullary hematopoiesis occurs when the bone marrow is unable to meet physiologic demands;
the resulting compensatory hematopoiesis often then occurs in the spleen, causing splenomegaly.
This process can be a normal physiologic response (such as in cases of infection or fetal
development) or may occur as a pathological response (e.g., in thalassemias). Hereditary
spherocytosis can cause splenic hematopoiesis in severe cases, most often in older adults, but this

https://t.me/USMLEAmMboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

would be very unlikely in a toddler presenting with only five days of symptoms.

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Question # 32

A 26-year-old African American man comes to the physician because of a 3-day history of fatigue, back
pain, and dark urine. One week ago, he developed a headache and was treated with aspirin. He does not
smoke or use illicit drugs. Physical examination shows conjunctival pallor. A peripheral blood smear
shows erythrocytes with inclusions of denatured hemoglobin. Which of the following enzymes is

essential for the production of nucleotides in this patient?

Answer

Image

A || Pyruvate carboxylase

B || Carbamoyl phosphate synthetase I

C || Enolase

D || Glucose-6-phosphatase

E Transaldolase

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Hint

Signs of hemolysis (e.g., pallor and dark urine) and Heinz bodies (denatured hemoglobin inclusions) in
an African American man suggest glucose-6-phosphate dehydrogenase (G6PD) deficiency.
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Correct Answer

A - Pyruvate carboxylase

Explanation Why

Pyruvate carboxylase catalyzes the conversion of pyruvate to oxalate using the cofactor biotin. It is a
key enzyme for gluconeogenesis, not nucleotide synthesis.

B - Carbamoyl phosphate synthetase I

Explanation Why

Unlike carbamoyl phosphate synthetase II, which catalyzes the rate-limiting step for de novo
pyrimidine synthesis, carbamoyl phosphate synthetase I does not contribute to nucleotide synthesis.
Carbamoyl phosphate synthetase I, the rate-limiting enzyme in the urea cycle, catalyzes the
production of carbamoyl phosphate by combining ammonia and bicarbonate. The urea cycle
eliminates nitrogenous waste such as urea and can also provide inputs into the citric acid cycle (e.g.,

argininosuccinate).

C - Enolase

Explanation Why

Enolase catalyzes the reversible isomerization of 2-phosphoglycerate to phosphoenolpyruvate (PEP),
which is then converted to pyruvate to complete glycolysis. It does not play a role in nucleotide
synthesis.
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D - Glucose-6-phosphatase

Explanation Why

Glucose-6-phosphatase catalyzes the conversion of glucose-6-phosphate to glucose and thereby
allows glucose to exit the cell using dedicated transporters. This is a key step in glycogenolysis and
gluconeogenesis; however, glucose-6-phosphatase does not play a direct role in the synthesis of
nucleotides.

Explanation Why

Good job! This is a tough question designed to test your understanding of multiple biochemical
pathways. Nucleotides are synthesized using ribose-5-phosphate (R5P), which is primarily produced
as an intermediate of the pentose phosphate pathway (PPP). The oxidation of glucose-6-phosphate by
glucose-6-phosphate dehydrogenase (G6PD) is the rate-limiting step of the PPP. In patients with
G6PD deficiency, R5P is produced by the enzymes transketolase and transaldolase using byproducts
of glycolysis, namely, fructose-6-phosphate (F6P) and glyceraldehyde-3-phosphate (G3P). F6P is
formed by isomerization of G6P and G3P is produced by transaldolase. Therefore, transaldolase is
one of the essential enzymes for the production of RSP, and thus nucleotide synthesis, in patients
with G6PD deficiency.
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Question # 33

An investigator is studying the resting rate of oxygen consumption in the lower limbs of individuals with
peripheral vascular disease. The rate of blood flow in a study subject's femoral vessels is measured using
Doppler ultrasonography, and blood samples from the femoral vein and femoral artery are obtained. The

blood samples are irradiated and centrifuged, after which the erythrocyte fractions from each sample are

hemolyzed using 10% saline. Compared to the femoral vein, which of the following findings would be

expected in the hemolysate from the femoral artery?

Answer

Peripheral Tissue

A Lower chloride 1)
concentration e [
d s 7:‘1 - HE \i
B Lower NADP/NADPH
ratio

C || Higher ADP/ATP ratio

Higher
D || carbaminohemoglobin
concentration

Lower potassium
concentration
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Answer

Image

Higher

2,3-bisphosphoglycerate

concentration
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Hint

The findings in the hemolysate will reflect differences between the intraerythrocytic compartments of
the arteries and veins.
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Correct Answer

Image
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Explanation Why

Cell metabolism generates CO2 that is transported from tissues through the venous system (e.g., the
femoral vein). CO2 in the plasma diffuses into erythrocytes. Carbonic anhydrase then converts CO2

and H20 into H2CO3 (carbonic acid), which then dissociates to form H' and HCO3” ions. Most of

the H' is buffered by hemoglobin and other proteins. To prevent intracellular buildup of HCO3” and
allow for more uptake of CO2, HCO3" is exchanged for extracellular chloride ions (CI) via the

CI'/HCO3" exchanger. This leads to a large shift of CI” from the extracellular space to the
intracellular space (chloride shift). Compared to venous blood, arterial blood transports less CO2.
Erythrocytes in arterial blood thus have lower intracellular CO2 concentrations and less activity of

the CI'/HCO3" exchanger, which leads to a lower intraerythrocytic chloride concentration.

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

B - Lower NADP/NADPH ratio

Explanation Why

The NADP/NADPH ratio reflects the amount of NADPH used to reduce oxidized glutathione back
to its reduced state. Arterial blood has a higher oxygen concentration compared to venous blood and
thus experiences more oxidative stress, so erythrocytes in arterial blood consume more NADPH (i.e.,
NADPH concentration is decreased in arterial blood compared to venous blood). Thus, the
NADP/NADPH ratio of erythrocytes in arterial blood is higher than that of erythrocytes in venous
blood.

C - Higher ADP/ATP ratio

Explanation Why

Erythrocytes do not contain mitochondria and thus generate ATP solely through glycolysis. which is
an oxygen-independent process. Thus, the ADP/ATP ratio of erythrocytes in arterial blood is similar
to that of erythrocytes in venous blood.

D - Higher carbaminohemoglobin concentration

Explanation Why

Hemoglobin combines with CO2 in the peripheral tissues to form carbaminohemoglobin (HbCO2).
Compared to venous blood, arterial blood transports less CO2. Erythrocytes in arterial blood thus
have lower carbaminohemoglobin concentrations compared to venous blood.
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E - Lower potassium concentration

Explanation Why

To maintain homeostatic pH of venous blood, erythrocytes exchange extracellular H' for

intracellular potassium ions (K+). H' then combines with hemoglobin and other intracellular proteins
for transport. Arterial blood is less acidic than venous blood because it carries fewer metabolic
byproducts of cellular respiration (e.g., lactic acid). Thus, arterial blood exchanges less intracellular

K+ for extracellular H', which leads to a greater intraerythrocytic potassium concentration.

F - Higher 2,3-bisphosphoglycerate concentration

Explanation Why

The 2.3-bisphosphoglycerate (2.3-BPG) concentration does not vary significantly between arterial
and venous blood hemolysate. However, 2,.3-BPG binds more easily to deoxygenated hemoglobin
due to the structural changes that occur in the molecule when oxygen is offloaded. Therefore, though
the amount of 2,3-BPG is similar between arterial and venous blood hemolysate, the fraction of
2.3-BPG bound to hemoglobin is higher in venous blood hemolysate.
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Question # 34

A 39-year-old woman is brought to the emergency department because of fevers, chills, and left lower
quadrant pain. Her temperature is 39.1°C (102.3°F), pulse is 126/min, respirations are 28/min, and blood
pressure is 80/50 mm Hg. There is blood oozing around the site of a peripheral intravenous line. Pelvic
examination shows mucopurulent discharge from the cervical os and left adnexal tenderness. Laboratory

studies show:

Platelet count 14,200/mm3

Fibrinogen 83 mg/mL (N =200—-430 mg/dL)

D-dimer 965 ng/mL (N < 500 ng/mL)

When phenol is applied to a sample of the patient's blood at 90°C, a phosphorylated

N-acetylglucosamine dimer with 6 fatty acids attached to a polysaccharide side chain is identified. A

blood culture is most likely to show which of the following?

Answer

Image

Coagulase-positive, gram-positive cocci forming mauve-colored colonies on
methicillin-containing agar

Encapsulated, gram-negative coccobacilli forming grey-colored colonies on
charcoal blood agar

C || Spore-forming, gram-positive bacilli forming yellow colonies on casein agar

Lactose-fermenting, gram-negative rods forming pink colonies on MacConkey
agar

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Answer

Image

Gamma-hemolytic, gram-positive cocci forming green colonies on vancomycin

agar
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Hint

This woman's fever, tachycardia, and hypotension suggest septic shock, and her laboratory studies (low
fibrinogen, elevated D-dimer, and thrombocytopenia) indicate that she has also developed disseminated
intravascular coagulation (DIC). The identification of a phosphorylated N-acetylglucosamine dimer with
fatty acids attached to a polysaccharide side chain indicates the presence of an organism with a
lipopolysaccharide (LPS) endotoxin.
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Correct Answer

A -

Coagulase-positive, gram-positive cocci forming mauve-colored colonies on
methicillin-containing agar

Explanation Why

Methicillin-resistant Staphylococcus aureus (MRSA) produces toxic shock syndrome toxin 1
(TSST-1), a superantigen that cross-links major histocompatibility complex class II molecules with
T-cell receptors on antigen-presenting cells, which results in polyclonal T cell activation and a
massive release of cytokines. This causes toxic shock syndrome, which manifests with fever and a
desquamating rash that can rapidly progress to shock and end-organ failure. MRSA bacteremia
would not account for the presence of lipopolysaccharide in this patient's serum.

B-

Encapsulated, gram-negative coccobacilli forming grey-colored colonies on
charcoal blood agar

Explanation Why

Bordetella pertussis secretes pertussis toxin. Although the cell membrane of Bordetella pertussis has
a lipopolysaccharide (LPS) component, it is structurally different from the LPS of most other gram-
negative species. This difference is thought to be an important feature of the pathogenesis of
whooping cough but also a limiting factor in the bacteria's ability to inoculate the serum and cause
sepsis. It is therefore unlikely that this pathogen would be isolated from this patient's blood culture.

C - Spore-forming, gram-positive bacilli forming yellow colonies on casein agar

Explanation Why

Clostridium botulinum secretes the exotoxin botulinum toxin responsible for causing botulism.
Infection with C. botulinum would not explain this patient's presentation with localized abdominal
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pain and DIC. Furthermore, the presence of this bacteria would not account for the
lipopolysaccharide detected in the patient's serum.

Explanation Why

Escherichia coli is a lactose-fermenting, gram-negative rod that grows as pink colonies on
MacConkey agar. Like all gram-negative organisms, its outer cellular membrane is composed of
lipopolysaccharide, which is also known as endotoxin. The lipid A component of endotoxin activates
tissue factor, the complement system, and macrophages, resulting in fever, hypotension, and DIC. In
light of this patient's left lower quadrant pain with mucopurulent discharge from the cervix, a tubo-
ovarian abscess (TOA) is the most likely source of the E. coli bacteremia.

E -

Gamma-hemolytic, gram-positive cocci forming green colonies on vancomycin
agar

Explanation Why

Infection with Enterococcus faecalis most often presents with endocarditis, urinary tract infection, or
sepsis. E. faecalis secretes exotoxins such as cytolysin, but lipopolysaccharide is not associated with
E. faecalis. 1t is therefore unlikely that this pathogen would be isolated from this patient's blood
culture.

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Question # 35

A 24-year-old woman comes to the physician because of persistent fatigue for the past 4 months. She
has no history of major medical illness. Her temperature is 36°C (96.8°F), pulse is 121/min, and blood
pressure is 120/78 mm Hg. Physical examination shows pale conjunctivae. A peripheral blood smear is
shown. Which of the following is the most likely cause of this patient's symptoms?

0. B, @%gs U8

Answer Image

>

Surreptitious phlebotomy

vs)

Lead poisoning

C || Hereditary spherocytosis
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Answer

Image

Vitamin B2 deficiency

Pyruvate kinase deficiency

Iron deficiency

B-thalassemia minor
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Hint

This woman has anemia, which can manifest with fatigue, pallor, and tachycardia. The peripheral blood
smear shows microcytosis and hypochromia.
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Correct Answer

A - Surreptitious phlebotomy

Explanation Why

Surreptitious phlebotomy can cause anemia (e.g., in patients with factitious disorder), but peripheral
blood smear would most likely be normal. Moreover, there is no evidence to suggest a history of
repeated blood draws in this case.

B - Lead poisoning

Explanation Why

Lead poisoning causes microcytic anemia with basophilic stippling on peripheral blood smear, which
is not seen in this case. Moreover, this patients lacks other manifestations of lead poisoning such as
muscle weakness and paresthesias.

C - Hereditary spherocytosis

Explanation Why

Hereditary spherocytosis causes hemolytic anemia with spherocytes on peripheral blood smear,
which are not seen in this case. Moreover, this condition typically manifests during infancy or early
childhood, and patients typically develop splenomegaly (due to increased erythrocyte breakdown)
and have a history of cholelithiasis (due to pigment stones caused by elevated bilirubin from
increased erythrocyte breakdown).
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D - Vitamin B2 deficiency

Explanation Why

Vitamin B> deficiency causes macrocytic anemia with anisocytosis, poikilocytosis, and
hypersegmented neutrophils on peripheral blood smear, which are not seen in this case. Moreover,
this patients lacks other manifestations of vitamin B2 deficiency such as peripheral neuropathy.

E - Pyruvate kinase deficiency

Explanation Why

Pyruvate kinase deficiency causes hemolytic anemia with echinocytes on peripheral blood smear,
which are not seen in this case. Moreover, this condition typically manifests during infancy.

Explanation Why

This woman has iron deficiency anemia (IDA), the most common cause of anemia. Peripheral blood
smear in patients with IDA shows microcytic, hypochromic erythrocytes as seen in this case, though
cells can initially be normocytic. IDA often develops in young women because blood loss during
menstruation results in a decrease in the body's iron stores. Iron studies typically show decreased
serum ferritin concentration, decreased transferrin saturation, and elevated total iron binding

capacity.
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G - p-thalassemia minor

Explanation Why

B-thalassemia minor can cause mild anemia with microcytosis on peripheral blood smear. However,
most patients with this condition are asymptomatic. Another more common cause of anemia is much
more likely.
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Question # 36

A 23-year-old man is evaluated as a potential kidney donor for his father. His medical history is
significant only for mild recurrent infections as a child. He subsequently undergoes a donor
nephrectomy that is complicated by unexpected blood loss. During resuscitation, he is transfused with
4 units of O negative packed red blood cells. Shortly after the transfusion begins, he develops
generalized pruritus. His temperature is 37.2°C (98.9°F), pulse is 144/min, respirations are 24/min, and
blood pressure is 80/64 mm Hg. Physical examination shows expiratory wheezing in all lung fields and
multiple pink, edematous wheals over the trunk and neck. His hemoglobin concentration is 8 g/dL.
Serum studies show a haptoglobin concentration of 78 mg/dL (N = 30-200) and lactate dehydrogenase
level of 80 U/L. This patient's underlying condition is most likely due to which of the following?

Answer Image

A || Impaired production of secretory immunoglobulins

B || Defective interleukin-2 receptor gamma chain

C || Absence of neutrophilic reactive oxygen species

D || Dysfunction of phagosome-lysosome fusion

E || Absence of mature circulating B cells

F || Impaired development of the third and fourth pharyngeal pouches
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Hint

The development of urticaria, wheezing, tachycardia, and hypotension in the setting of a blood
transfusion suggests an anaphylactic response to the blood products. The normal haptoglobin and lactate
dehydrogenase values indicate that this is a nonhemolytic transfusion reaction.
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Correct Answer

Explanation Why

Impaired production of secretory immunoglobulins is the underlying pathology of IgA deficiency.
The patient's history of recurrent infections as a child and the development of a nonhemolytic
response to transfused blood indicate this condition. An IgA deficient host will develop anti-IgA
antibodies (usually IgG but occasionally IgE). When exposed to IgA antibodies, such as those
present in ordinary packed red cells, the recipient's preformed anti-IgA antibodies can cause a type |
hypersensitivity response (anaphylaxis).

B - Defective interleukin-2 receptor gamma chain

Explanation Why

Defective IL-2R gamma chain is the underlying genetic mutation in many cases of severe combined
immunodeficiency (SCID). Individuals with SCID are often asymptomatic at birth but survival to
adulthood is extremely unlikely without bone marrow transplantation. Without this treatment, severe,
recurrent infections occur and most often lead to death in infancy. Although this adult patient's
history of recurrent infection suggests a congenital immunodeficiency, SCID is very unlikely.

C - Absence of neutrophilic reactive oxygen species

Explanation Why

The absence of neutrophilic reactive oxygen species is the hallmark of chronic granulomatous
disease (CGD). In CGD, deficient NADPH oxidase causes the absence of reactive oxygen species
and the subsequent oxidative burst that phagocytic cells rely on to kill microbes. Classically,
individuals with CGD are susceptible to infections with catalase-positive organisms. Although this
patient has a history of recurrent infections during childhood, CGD would not account for an
anaphylactic response to blood transfusions.
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D - Dysfunction of phagosome-lysosome fusion

Explanation Why

Dysfunction of phagosome-lysosome fusion, which impairs neutrophil function, is the underlying
pathology of Chediak-Higashi syndrome. This syndrome manifests with recurrent pyogenic
infections. Although this patient has a history of recurrent infections during childhood, he does not
have the typical features of Chediak-Higashi syndrome, e.g., albinism, photosensitivity, bleeding
tendency, and peripheral neuropathy. Furthermore, the occurrence of an anaphylactic reaction to
blood transfusion is not explained by Chediak-Higashi syndrome.

E - Absence of mature circulating B cells

Explanation Why

The absence of mature circulating B cells is the pathophysiologic mechanism of X-linked
agammaglobulinemia. Infants with X-linked agammaglobulinemia are initially asymptomatic
because of maternal IgG in their serum, but these molecules are no longer present by the age of 6
months. At this age, the first onset of severe, recurring infections is commonly seen. Without lifelong
administration of gamma globulins and prophylactic antibiotics, the condition is most often lethal in
childhood. This patient has a history of mild infections in childhood that have not required lifelong
treatment, which is inconsistent with X-linked agammaglobulinemia. Furthermore, this condition
would not explain the anaphylactic response to transfused blood products.

F - Impaired development of the third and fourth pharyngeal pouches

Explanation Why

Impaired development of the third and fourth pharyngeal pouches is the underlying cause of
DiGeorge syndrome, which causes aplasia or hypoplasia of the thymus. Impaired development of the
thymus causes a deficiency of T cells that manifests as recurrent, often severe infections with
bacterial and fungal species. Other common features of DiGeorge syndrome include congenital heart
defects and craniofacial abnormalities. The absence of these associated findings, along with this
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patient's history of limited infections, makes DiGeorge syndrome unlikely. Moreover, an

anaphylactic reaction associated with blood transfusion is not expected in DiGeorge syndrome.
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Question # 37

A 54-year-old woman comes to the physician because of progressive headache and dizziness for the past
3 months. During this time, she has also noticed generalized itching when taking a bath. Her pulse is 82/
min and blood pressure is 150/90 mm Hg. Physical examination shows facial flushing. The tip of the
spleen is palpable 2 cm below the left costal margin. Urinalysis shows no abnormalities. Further

evaluation is most likely to show which of the following sets of findings in this patient?

Erythropoietin level || Plasma volume || RBC mass Sa02
A || Normal decreased normal normal
B || Decreased increased increased normal
C || Increased normal increased decreased
D || Increased normal increased normal
E || Decreased normal normal normal

Answer || Image

Al A
B | B
C| C
D| D
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Hint

This patient's clinical findings (headache, dizziness, aquagenic pruritus, hypertension, splenomegaly,
and facial plethora) should raise concern for a condition that can be treated with periodic phlebotomy.
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Correct Answer

Explanation Why

Decreased plasma volume and a normal EPO level, RBC mass, and SaO2 are consistent with relative
polycythemia caused by severe dehydration. Severe dehydration may lead to a decrease in plasma
volume, causing a relative increase in RBC count (including 1 Hb, 1 hematocrit). Relative
polycythemia can also present with headache, dizziness, and weakness. However, relative
polycythemia would not explain this patient's splenomegaly.

Explanation Why

This patient likely has polycythemia vera (PV), which is caused by a mutation in the JAK2 gene,
leading to uncontrolled, EPO-independent proliferation of the myeloid cell lines, resulting in
increased RBC mass. The increased RBC mass suppresses secretion of EPO by the kidneys, causing
EPO levels to decrease. Individuals with PV usually have normal arterial O2 saturation (SaO2) and a
slightly increased or normal plasma volume. Normal SaO3 helps to distinguish PV from types of
secondary polycythemia caused by chronic hypoxia.

Explanation Why

Increased EPO level and RBC mass, normal plasma volume, and decreased SaO2 are consistent with
secondary polycythemia due to hypoxia (| SaO2). Conditions associated with increased stimulation
of erythropoiesis due to reduced oxygen saturation cause increased secretion of EPO (1 EPO) and an
appropriate (physiological) increase in RBC mass (appropriate absolute polycythemia). Appropriate
absolute polycythemia can present with clinical findings similar to those seen here. However, there is
no cause of hypoxia in this patient's history (e.g., high-altitude exposure, chronic pulmonary or
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cardiac disease).

D-D

Explanation Why

An increased EPO level and RBC mass with a normal plasma volume and SaO3 are consistent with
secondary polycythemia due to autonomous production of EPO (e.g., renal cell carcinoma) or
exogenous EPO intake (e.g., EPO doping). Increased EPO levels cause an increase in RBC mass
(inappropriate absolute polycythemia) without affecting SaO2 or plasma volume. Clinical findings
include headache, dizziness, and hypertension, and, in very severe cases, aquagenic pruritus,
splenomegaly, and facial plethora. However, this patient neither has a history of exogenous EPO
intake nor other features of an underlying disease (e.g., hematuria in the case of RCC).

Explanation Why

A decreased EPO level with normal plasma volume, RBC mass, and SaO is consistent with
essential thrombocythemia (ET). This patient has some features of ET, including headache, fatigue,
dizziness, and splenomegaly. However, this condition does not cause an increase in RBC mass.
Plethora is therefore not a typical finding in patients with ET. Moreover, in individuals with ET,
pruritus exacerbated by hot water, as seen in this patient, is rather uncommon (< 5% of cases).
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Question # 38

A 68-year-old man undergoes successful mechanical prosthetic aortic valve replacement for severe
aortic valve stenosis. After the procedure, he is started on an oral medication and instructed that he
should take it for the rest of his life and avoid consuming large amounts of dark-green, leafy vegetables.
Which of the following laboratory parameters should be regularly monitored to guide dosing of this

drug?
Answer Image
A || Anti-factor Xa activity
B || Thrombin time
C || Activated partial thromboplastin time
D || D-dimer
E || Prothrombin time
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Hint

Mechanical prosthetic valve replacement requires lifelong VTE prophylaxis with warfarin. The efficacy
of warfarin can be affected by dietary intake of vitamin K, and patients are cautioned against consuming
large amounts of vitamin K-containing food (e.g., dark, leafy vegetables).
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Correct Answer

A - Anti-factor Xa activity

Explanation Why

Anti-factor Xa activity can be used to monitor the effect of low molecular weight heparin (LMWH).
LMWH inhibits activated factor X (factor Xa), decreasing the production of thrombin from
prothrombin. LMWH is typically only used in acute settings and is administered subcutaneously.
Expected laboratory findings include prolonged thrombin time and partial thromboplastin time with
normal prothrombin time (unless very high doses are given, in which case prothrombin time may
also be prolonged). Because anti-factor Xa levels are not affected by warfarin, there is no need to
monitor them.

B - Thrombin time

Explanation Why

Thrombin time is used to monitor the effect of direct thrombin inhibitors such as dabigatran, the only
oral agent available in its class. Dabigatran may be used for the treatment of atrial fibrillation and
VTE, but it is not recommended in patients with prosthetic valve replacement. This patient has most
likely received warfarin, which does not affect the thrombin time.

C - Activated partial thromboplastin time

Explanation Why

Activated partial thromboplastin time (PTT) is used to monitor therapy with unfractionated heparin
(UFH), which indirectly inhibits factor X by activating antithrombin III. While UFH is commonly
used for short-term anticoagulation in perioperative and postoperative settings, it is given
intravenously and is not used for long-term anticoagulation. Laboratory findings that are expected
with heparin therapy include prolonged thrombin time and PTT. Warfarin, which this patient most
likely received, is not monitored with PTT.
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D - D-dimer

Explanation Why

D-dimer levels are indicators of active thrombolysis and fibrinolysis. D-dimers can be elevated in a
variety of conditions (e.g., acute inflammation, venous thrombosis, disseminated intravascular
coagulation, or pregnancy) but are not used to monitor the effects of warfarin, which this patient has
most likely received.

Explanation Why

Prothrombin time (PT) should be regularly monitored in patients on warfarin. Warfarin inhibits
synthesis of the vitamin K-dependent factors (factors II, VII, IX, and X, protein C, and protein S) by
interfering with the activity of vitamin K epoxide reductase. It is used in patients with mechanical
prosthetic heart valves to prevent thrombosis within the valve. The classic laboratory change seen in
patients taking warfarin is a prolonged PT (often represented by the INR); routine monitoring of the
PT is, therefore, used to guide therapy.
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Question # 39

A 58-year-old woman is brought to the emergency department for shortness of breath and chest pain.
Pulmonary angiography shows a large saddle embolus in the pulmonary arteries. Emergency drug
therapy is administered and she is admitted to the hospital for observation. A follow-up CT scan of the
chest shortly after admission shows that the thrombus has disappeared. Five hours later, the patient is
found to be lethargic with slurred speech. Physical examination shows decreased consciousness,
dysarthria, and optic disc swelling bilaterally. Which of the following is the most likely cause of her

neurological symptoms?

Answer

Image

A || Acute metabolic encephalopathy

B || Internal carotid artery dissection

C || Idiopathic intracranial hypertension

D || Drug-induced hypotension

E Embolic cerebrovascular accident

F || Intracerebral hemorrhage

laXlla ————
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Hint

This patient has most likely been given a thrombolytic agent for a massive pulmonary embolism.
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Correct Answer

A - Acute metabolic encephalopathy

Explanation Why

Acute metabolic encephalopathy may be caused by a wide range of factors (e.g., hypoxia, toxins,
ischemia, medications) and is characterized by an acute change in mental status with waxing and
waning level of alertness. However, affected patients typically do not present with focal neurological
deficits like dysarthria. Furthermore, metabolic encephalopathy would not explain this patient's

papilledema.

B - Internal carotid artery dissection

Explanation Why

Internal carotid artery (ICA) dissection occurs when the tunica media separates from the tunica
intima of the carotid artery, creating a false lumen that can ultimately narrow or obstruct the true
lumen. Aftfected patients may present with symptoms of ischemic stroke (e.g., slurred speech and
dysarthria, as seen here), but these symptoms are typically accompanied by some combination of
headache, neck pain, amaurosis fugax, or pulsatile tinnitus, none of which are seen in this patient.
The timing of symptom onset after receiving thrombolytic therapy makes a different etiology more
likely.

C - Idiopathic intracranial hypertension

Explanation Why

Idiopathic intracranial hypertension (pseudotumor cerebri) is a neurologic condition of unknown
etiology that is characterized by chronically elevated intracranial pressure without evidence of
hydrocephalus or a space-occupying lesion within the cranium. [TH could explain this patient's
papilledema but would not explain this patient's acute neurological change.
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D - Drug-induced hypotension

Explanation Why

Drug-induced hypotension may occur in some patients following thrombolytic therapy, especially
with streptokinase, which can cause an anaphylactic reaction. Hypotension due to anaphylaxis can
cause depressed mental status but an anaphylactic reaction would not explain this patient's slurred
speech or papilledema.

E - Embolic cerebrovascular accident

Explanation Why

Embolic cerebrovascular accident most often occurs in the setting of known atherosclerosis of the
carotid arteries or in patients with atrial fibrillation in which an atrial thrombus has formed. Embolic
stroke can present with dysarthria and decreased mental status, as seen in this patient. However, an
arterial embolus to the cerebral arteries from a pulmonary artery clot is exceptionally unlikely, as the
embolus would first need to traverse the small capillary beds of the lungs before entering systemic
arterial circulation. Moreover, the patient was recently given a thrombolytic agent that dissolved the
pulmonary arterial clot.
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Explanation Why

Intracerebral hemorrhage is a severe but rare complication of thrombolytic therapy (e.g., alteplase,

streptokinase), which this patient most likely received for her acute saddle pulmonary embolism.
Thrombolytics increase the conversion of plasminogen to plasmin, and also result in increases in PT
and PTT. In this case, the thrombolytic adequately dissolved the thrombus but also led to
hemorrhagic stroke and increased intracranial pressure, as evidenced by her change in mental status

and papilledema.
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Question # 40

A 32-year-old woman comes to the physician because of a 6-week history of fatigue and weakness.
Examination shows marked pallor of the conjunctivae. The spleen tip is palpated 2 cm below the left
costal margin. Her hemoglobin concentration is 9.5 g/dL, serum lactate dehydrogenase concentration is

750 IU/L, and her serum haptoglobin is undetectable. A peripheral blood smear shows multiple

spherocytes. When anti-IgG antibodies are added to a sample of the patient's blood, there is clumping of
the red blood cells. Which of the following is the most likely predisposing factor for this patient's

condition?

Answer

Image

A || Acquired PIGA gene mutation

B || Hereditary spectrin defect

C || Bicuspid aortic valve

D || Epstein-Barr virus infection

E || Mycoplasma pneumoniae infection

F || Systemic lupus erythematosus
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Hint

The patient presents with features of anemia (fatigue, pallor, decreased hemoglobin concentration) and
hemolysis (increased LDH, undetectable haptoglobin). The positive direct Coombs test (agglutination of
RBCs in response to anti-IgG) and spherocytes on peripheral blood smear are suggestive of autoimmune
hemolytic anemia.
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Correct Answer

A - Acquired PIGA gene mutation

Explanation Why

Paroxysmal nocturnal hemoglobinuria (PNH), which is caused by an acquired mutation in the P/IGA
gene that makes erythrocytes susceptible to destruction by complement, is a rare cause of both
intravascular and extravascular hemolysis. Patients with PNH can present with features of hemolytic
anemia and splenomegaly (due to venous thrombosis), as this patient does. However, this patient
lacks other signs and symptoms of PNH such as red urine (due to hemoglobinuria) or jaundice.
Moreover, the anemia in PNH is Coombs-negative and the peripheral blood smear would not show

spherocytes.

B - Hereditary spectrin defect

Explanation Why

A hereditary defect in erythrocyte spectrin is the underlying cause of hereditary spherocytosis (HS).
The clinical presentation of HS is variable, but the majority of affected patients develop symptoms of
anemia, jaundice, and/or splenomegaly during infancy or childhood. While HS could explain the
features of hemolytic anemia and the spherocytosis on blood smear that this patient has, a positive
Coombs test would not be expected.

C - Bicuspid aortic valve

Explanation Why

A bicuspid aortic valve is a risk factor for early aortic stenosis. Aortic stenosis can cause mechanical
destruction of the RBCs, resulting in macroangiopathic hemolytic anemia. A peripheral blood smear
in macroangiopathic hemolytic anemia would show schistocytes, not spherocytes as seen here.
Moreover, macroangiopathic hemolytic anemia would not explain this patient's splenomegaly or the
positive Coombs test.
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D - Epstein-Barr virus infection

Explanation Why

Infection with Epstein-Barr virus (EBV) can lead to splenomegaly and cold agglutinin disease
(CAD). Patients with cold agglutinin disease can present with features of hemolytic anemia and mild
spherocytosis. However, this patient does not have other typical findings of patients with CAD such
as acrocyanosis or livedo reticularis. Moreover, Coombs test in CAD would show [gM
cold-antibodies and/or complement fragments on the surface of erythrocytes, not IgG antibodies as
seen here.

E - Mycoplasma pneumoniae infection

Explanation Why

Infection with Mycoplasma pneumoniae is a common cause of cold agglutinin disease (CAD).
Patients with cold agglutinin disease can present with features of hemolytic anemia and mild
spherocytosis. However, this patient does not have other typical findings of patients with CAD such
as acrocyanosis or livedo reticularis. Moreover, Coombs test in CAD would show [gM
cold-antibodies and/or complement fragments on the surface of RBCs, not IgG antibodies as seen
here.
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Explanation Why

This patient's presentation and laboratory findings are consistent with warm agglutinin disease, a
type of autoimmune hemolytic anemia (AIHA). The presence of warm-active IgG antibodies against
erythrocytes results in hemolytic anemia, spherocytosis, splenomegaly (due to the removal of
antibody-tagged erythrocytes by the splenic reticuloendothelial system). The most common
predisposing factors for warm agglutinin disease include autoimmune disorders (e.g., SLE),
lymphomas (e.g., CLL), viral infections in children (e.g., HIV), and use of certain drugs (e.g.,

a-methyldopa).
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Question # 1

A 12-year-old girl is brought to the physician by her mother because she has been waking up multiple
times at night to go to the bathroom even though she avoids drinking large amounts of water close to
bedtime. She has no significant medical history apart from 3 episodes of lower urinary tract infections
treated with nitrofurantoin in the past 2 years. Her family emigrated from Nigeria 10 years ago. Physical

examination shows no abnormalities. Laboratory studies show:

Hemoglobin 14.2 g/dL
MCV 92 fL
Reticulocytes || 1.5%
Serum
Osmolality 290 mOsmol/kg H2O
Urine
Leukocytes negative
Nitrite negative
Glucose negative
Osmolality 130 mOsmol/kg H20O

Hemoglobin electrophoresis shows:

HbA || 56%
HbS || 43%
HbF || 1%

This patient is at greatest risk for which of the following conditions?
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Answer

Image

Necrosis of the renal papillae

Pigment stones in the biliary tract

Vaso-occlusion of the pulmonary vasculature

Autoinfarction of the spleen

Sickling in the cerebral vessels

Transient arrest of erythropoiesis
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Hint

The patient's hemoglobin electrophoresis shows hemoglobin S (HbS) and a decreased, although still
present, hemoglobin A (HbA), which indicates sickle cell trait.

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Correct Answer

Explanation But

Renal papillary necrosis can be caused by a variety of factors, each of which results in impaired
blood flow causing ischemic necrosis of the vulnerable papillae. The various etiologies can be
remembered by the mnemonic POSTCARDS (Pylenonephritis, Obstruction of the urinary tract,
Sickle cell disease and sickle cell trait, Tuberculosis, Cirrhosis of the liver, Analgesic abuse, Renal
transplant rejection, Diabetes mellitus, and Systemic vasculitis).

Explanation Why

Sickle cell trait causes renal papillary necrosis secondary to transient sickling of RBCs in the renal
capillaries, which results in microthrombotic infarctions and sloughing of necrotic papillae. The renal
medulla is particularly susceptible to ischemia as the hypoxic and hyperosmolar environment
promotes RBC sickling in the vasa recta, disrupting free water reabsorption and countercurrent
exchange. Renal papillary necrosis leads to hyposthenuria (indicated by this patient's nocturia) and
episodes of painless gross hematuria. Other complications associated with sickle cell trait include
recurrent urinary tract infections, chronic kidney disease, and renal medullary carcinoma.

B - Pigment stones in the biliary tract

Explanation Why

Patients with sickle cell disease (SCD) are at increased risk of cholelithiasis with pigmented
gallstones because chronic hemolysis often leads to hypersaturation and precipitation of bilirubin.
Compared to patients with SCD, however, individuals with sickle cell trait have less severe
hemolysis, which typically does not lead to formation of pigmented gallstones.
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C - Vaso-occlusion of the pulmonary vasculature

Explanation Why

Acute chest syndrome (ACS) is a leading cause of death in patients with sickle cell disease (SCD)
and is due to vaso-occlusion within the pulmonary vasculature. Often ACS is triggered by another
manifestation of SCD, most commonly vaso-occlusive crisis, or develops as a complication of an
infection. However, ACS is very rare in individuals with sickle cell trait and is unlikely to occur in
the absence of severe hypoxic conditions.

D - Autoinfarction of the spleen

Explanation Why

Patients with sickle cell disease (SCD) typically develop functional asplenia by 4 years of age
because of repeated infarction secondary to vaso-occlusion from sickle cell build-up
(autosplenectomy). However, in individuals with sickle cell trait, splenic infarctions are rare and
mainly associated with high altitude exposure, making a different complication more likely.

E - Sickling in the cerebral vessels

Explanation Why

Patients with sickle cell disease are at increased risk for ischemic strokes secondary to vaso-
occlusion from sickle cell build-up. Individuals with sickle cell trait, however, are at higher risk of a
different complication.
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F - Transient arrest of erythropoiesis

Explanation Why

Infection with parvovirus B19 in a patient with sickle cell disease (SCD) can result in a transient
arrest of erythropoiesis and a marked drop in hemoglobin, known as aplastic crisis. In patients with
SCD who contract parvovirus B19, the chronic hemolysis and shortened RBC life span significantly
increases their risk of developing this life-threatening condition. However, aplastic crisis is rare in
individuals with sickle cell trait.
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Question # 2

An investigator studying disorders of hemostasis performs gene expression profiling in a family with a
specific type of bleeding disorder. These patients were found to have abnormally large von Willebrand
factor (vVWF) multimers in their blood. Genetic analysis shows that the underlying cause is a mutation in
the ADAMTS13 gene. This mutation results in a deficiency of the encoded metalloprotease, which is
responsible for cleavage of vVWF. Which of the following additional laboratory findings is most likely in
these patients?

Answer Image

A || Elevated haptoglobin

B || Urinary red blood cell casts

C || Elevated platelet count

Prolonged partial thromboplastin
time

E | Fragmented erythrocytes
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Hint

Defects in hemostasis due to a gene mutation (in ADAMTS13) that causes impaired vVWF cleavage is
consistent with hereditary thrombotic thrombocytopenic purpura.
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Correct Answer

A - Elevated haptoglobin

Explanation Why

Haptoglobin binds to free hemoglobin released from broken-down erythrocytes and transports it to
the liver and spleen. In case of an increased breakdown of erythrocytes (i.e., hemolysis), as occurs in
thrombotic thrombocytopenic purpura, haptoglobin serum levels would decrease, not increase.

B - Urinary red blood cell casts

Explanation Why

Urinary red blood cell casts indicate glomerular damage and can be seen in various conditions, such
as glomerulonephritis and hemolytic uremic syndrome (HUS). While HUS may manifest similarly to
thrombotic thrombocytopenic purpura (TTP), it is not caused by a deficiency of ADAMTS13 but is
rather the sequela of diarrheal illness. Urinary RBC casts can also be present in TTP if there is renal
involvement, but they are nonspecific and not a common finding. Another laboratory abnormality is
more likely to be seen in this patient.

C - Elevated platelet count

Explanation Why

Etiologies of an elevated platelet count include malignancy, infections, splenectomy, and hemolytic
anemia. In thrombotic thrombocytopenic purpura, platelets adhere to von Willebrand factor
multimers and microthrombi form, which damages the circulating platelets and causes
thrombocytopenia.

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

D - Prolonged partial thromboplastin time

Explanation Why

A prolonged partial thromboplastin time (PTT) can be found in various genetic (e.g., hemophilia,
von Willebrand disease) and acquired conditions (e.g., disseminated intravascular coagulation), all of
which manifest with bleeding abnormalities. However, neither hemophilia nor von Willebrand
disease is caused by a mutation in the ADAMTS3 gene. Coagulation studies such as PTT are
typically normal in patients with thrombotic thrombocytopenic purpura.

Explanation But

Further conditions associated with fragmented erythrocytes include disseminated intravascular
coagulation, hemolytic-uremic syndrome, HELLP syndrome, and mechanical hemolysis (e.g., from
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mechanical heart valves).
Explanation Why

Fragmented erythrocytes (i.e., schistocytes) on the peripheral blood smear are a characteristic feature
of microangiopathic hemolytic anemia (MAHA), which can be caused by thrombotic
thrombocytopenic purpura (TTP). In hereditary TTP, deficiency of ADAMTSI3 leads to the
formation of large von Willebrand factor multimers that bind to endothelial cell surfaces. Platelets
adhere to these multimers and microthrombi form, leading to thrombocytopenia and small-vessel
occlusion. Circulating RBCs are damaged by the microthrombi blockages, resulting in MAHA.
Further laboratory findings of TTP include a negative Coombs test, normal coagulation studies (e.g.,
PT, PTT), and other features of hemolytic anemia (e.g., increased indirect bilirubin, increased lactate
dehydrogenase, decreased haptoglobin).
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Question # 3

A 13-month-old boy is brought to the physician for a well-child examination. Physical examination
shows hepatosplenomegaly. A venous blood sample obtained for routine screening tests is milky. After
refrigeration, a creamy supernatant layer appears on top of the sample. Genetic analysis shows a
mutation in the apolipoprotein C-II gene (APOC?2) on chromosome 19. This patient is at greatest risk for
developing which of the following complications?

Answer Image

A || Tendinous xanthomas

B || Acute pancreatitis

C || Myocardial infarction

D || Corneal arci

E || Cholesterol embolization syndrome

F Cerebrovascular accident
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Hint

This patient has familial hyperchylomicronemia (type I dyslipidemia), an autosomal recessive condition
caused by a deficiency of apolipoprotein C-II or lipoprotein lipase. This condition causes increased
serum concentrations of chylomicrons, triglycerides, and cholesterol, which results in milky coloration
of the serum as seen in this patient.
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Correct Answer

A - Tendinous xanthomas

Explanation Why

Patients with familial hyperchylomicronemia can develop eruptive xanthomas but do not typically
develop tendinous xanthomas. The formation of tendinous xanthomas is associated with familial
hypercholesterolemia (which is caused by defects in LDL receptors or apolipoprotein B-100).

Explanation Why

Patients with familial hyperchylomicronemia (type I dyslipidemia) have an increased risk of
developing recurrent episodes of acute pancreatitis. These patients typically have serum triglyceride
concentrations > 880 mg/dL; the breakdown of these triglycerides by pancreatic lipases creates free
fatty acids that directly injure the pancreas and cause an autoinflammatory response. Additional
manifestations of familial hyperchylomicronemia that can develop during childhood include eruptive
xanthomas, lipemia retinalis, and hepatosplenomegaly (due to chylomicron accumulation).

C - Myocardial infarction

Explanation Why

Patients with familial hyperchylomicronemia do not develop early atherosclerosis and thus do not
have an increased risk of having a myocardial infarction (MI) compared to the general population.
Familial dyslipidemias that are associated with early atherosclerosis include familial
hypercholesterolemia (which is caused by defects in LDL receptors or apolipoprotein B-100) and
familial dysbetalipoproteinemia (which is caused by defects in apolipoprotein E).
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D - Corneal arci

Image

= . J
Explanation Why

Patients with familial hyperchylomicronemia do not have severely increased serum LDL
concentrations and thus do not have an increased risk of developing corneal arci compared to the
general population. The formation of corneal arci is associated with familial hypercholesterolemia
(which is caused by defects in LDL receptors or apolipoprotein B-100). Familial
hyperchylomicronemia is associated with lipemia retinalis, a discoloration of the retinal vessels and/
or fundus due to light scattering from increased concentrations of chylomicrons.

E - Cholesterol embolization syndrome

Explanation Why

Patients with familial hyperchylomicronemia do not develop early atherosclerosis and thus do not
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have an increased risk of developing cholesterol embolization syndrome compared to the general
population. Familial dyslipidemias that are associated with early atherosclerosis include familial
hypercholesterolemia (which is caused by defects in LDL receptors or apolipoprotein B-100) and
familial dysbetalipoproteinemia (which is caused by defects in apolipoprotein E).

F - Cerebrovascular accident

Explanation Why

Patients with familial hyperchylomicronemia do not develop early atherosclerosis and thus do not
have an increased risk of having a cerebrovascular accident compared to the general population.
Familial dyslipidemias that are associated with early atherosclerosis include familial
hypercholesterolemia (which is caused by defects in LDL receptors or apolipoprotein B-100) and
familial dysbetalipoproteinemia (which is caused by defects in apolipoprotein E).
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Question # 4

A 55-year-old woman comes to the physician because of fever, chills, headache, and nausea over the
past 3 days. Nine months ago, she returned from a vacation in Indonesia where she had experienced
similar symptoms and episodic fever. She was treated with chloroquine and recovered uneventfully. Her
temperature is 39.1°C (102.4°F), pulse is 97/min, and blood pressure is 123/85 mm Hg. Physical

examination shows scleral icterus. The abdomen is soft; bowel sounds are active. Neurologic

examination is unremarkable. Her hemoglobin concentration is 10 g/dL. A photomicrograph of a
peripheral blood smear is shown. Which of the following is the most likely cause of the recurrence of

symptoms in this patient?

Answer

Image

A || Decline in circulating antibodies

B || Reinfection by Anopheles mosquito
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Answer

Image

Natural drug resistance

Reactivation of dormant liver stage

Dissemination within macrophages
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Hint

The peripheral blood smear shows Schiiffner granules (dark red dots) inside an erythrocyte, which is a
typical finding in malaria due to Plasmodium vivax and Plasmodium ovale infections.
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Correct Answer

A - Decline in circulating antibodies

Explanation Why

Individuals who are repeatedly exposed to Plasmodium species (i.e., residents of endemic areas) can
develop antibodies that provide partial immunity to malaria, which typically protects from severe
disease. Individuals infected for the first time, like this patient, may also develop partial immunity
for a brief period. However, a decline in antibodies without additional exposure to the parasite would
not explain the recurrence of malaria symptoms (e.g., flu-like symptoms, scleral icterus, anemia) and
the finding of Schiiffner granules on peripheral blood smear.

B - Reinfection by Anopheles mosquito

Explanation Why

Reinfection with Plasmodium vivax or Plasmodium ovale by Anopheles mosquito bite can lead to a
return of signs and symptoms of malaria (e.g., flu-like symptoms, scleral icterus, anemia) after initial
improvement, which is seen here. The finding of Schiiffner granules on peripheral blood smear also
indicates active malaria. However, because this patient has not been exposed to the mosquito
recently, reinfection is unlikely. Regions in which malaria is endemic include tropical Africa (West
and Central Africa) and certain tropical and subtropical regions of the Americas and Asia.

C - Natural drug resistance

Explanation Why

Resistance of Plasmodium vivax to chloroquine, which is common in some areas of Indonesia, may
result in malaria treatment failure. This resistance manifests as a recurrence of signs and symptoms
of the disease (e.g., flu-like symptoms, scleral icterus, anemia) after initial improvement, which is
seen here. The finding of Schiiffner granules on peripheral blood smear also indicates active malaria.
In treatment failure, symptoms typically return within days or weeks. This patient's symptoms,
however, regressed for 9 months following primary treatment with chloroquine, indicating sensitivity
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of the pathogen. Moreover, chloroquine drug resistance is acquired, not natural.

Explanation But

Malaria relapses can occur years after the initial infection.

Explanation Why

The reactivation of the dormant liver stages (hypnozoites) of Plasmodium vivax or Plasmodium
ovale may cause relapses of tertian malaria following initial successful treatment. This patient's
recurrence of signs and symptoms of malaria (flu-like symptoms, scleral icterus, anemia) and the
finding of Schiiffner granules on peripheral blood smear indicate relapse of the disease 9 months
after an assumed primary infection (episodic fever during a vacation in an endemic region,
successfully treated with chloroquine). Since chloroquine alone is unable to eradicate hypnozoites,
anti-relapse therapy with primaquine should always be coadministered during initial infection.

E - Dissemination within macrophages

Explanation Why

Pathogens that infect and disseminate within macrophages include Mycobacterium tuberculosis and
Leishmania. Visceral leishmaniasis can manifest with flu-like symptoms, scleral icterus, and anemia,
all of which are seen here. However, this patient's peripheral blood smear showing Schiiffner
granules suggests malaria infection. Moreover, visceral leishmaniasis is rare in both the US and
Indonesia.
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Question # 5

A 6-year-old boy is brought to the physician because of abdominal distention, fatigue, and night sweats
over the past 4 months. He also has a 2-month history of post-prandial fullness and recurrent nonbilious
vomiting. He appears pale. Abdominal examination shows hepatosplenomegaly and shifting dullness;
there is mild tenderness to palpation. Examination of the skin shows multiple nonblanching maculae. A
CT scan of the abdomen shows mesenteric and retroperitoneal lymph node enlargement and nodular
thickening of the omentum. A photomicrograph of a biopsy specimen from an enlarged mesenteric
lymph node is shown. Immunohistochemical staining of the Ki-67 nuclear antigen shows that the
proliferation index of the specimen is > 99%. The structure indicated by the arrows is most likely which
of the following?

Answer Image

A || Neutrophil

B || Human immunodeficiency virus
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Answer

Image

B lymphocytes

Macrophage

Epstein-Barr virus

T lymphocyte
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Hint

Night sweats, enlarged lymph nodes, hepatosplenomegaly, signs of thrombocytopenia (nonblanching
maculae), and anemia (fatigue, pallor) are features of lymphoma. The biopsy specimen's high
proliferation index and “starry sky” appearance indicate that the patient has Burkitt lymphoma.
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Correct Answer

A - Neutrophil

Explanation Why

Neutrophils are increased as part of the acute inflammatory response, e.g., during infection,
inflammation, and times of stress, as well as in myeloproliferative neoplasms. However, neutrophils
do not play a role in the development of Burkitt lymphoma and are not the structures indicated by the
arrows.

B - Human immunodeficiency virus

Explanation Why

Human immunodeficiency virus is associated with the development of several malignancies,
including immunodeficiency-related Burkitt lymphoma. However, this patient has no history of HIV
or immunodeficiency. Furthermore, HIV would not be visible on light microscopy of a lymph node
biopsy.

C - B lymphocytes

Explanation Why

B lymphocytes are the malignant cell type responsible for the development of most non-Hodgkin
lymphomas, including this patient's Burkitt lymphoma. However, they are the basophilic neoplastic
cells in the photomicrograph, not the structures indicated.

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Explanation But

Postprandial fullness and recurrent vomiting indicate bowel obstruction due to an abdominal mass.
CT findings of mesenteric and retroperitoneal lymphadenopathy and omental thickening are
characteristic of the sporadic type of Burkitt lymphoma, which is the most common type in the
United States and Western Europe. The endemic type of Burkitt lymphoma, on the other hand, is
most common in Africa and South America and is associated with maxillary and mandibular bone
involvement.

Explanation Why

The arrows are pointing to tingible body macrophages, which are associated with Burkitt lymphoma.
Because tumor cells have a high turnover rate, surrounding macrophages engulf large amounts of
cellular debris and apoptotic cells. Upon fixation, the peripheral cytoplasmic space surrounding the
phagocytosed debris is washed away, creating round white spaces. When viewed against the
background of closely arranged, dark, basophilic tumor cells, the biopsy specimen creates a “starry
sky” pattern.

E - Epstein-Barr virus

Explanation Why

Epstein-Barr virus (EBV) is strongly associated with the development of Burkitt lymphoma.
However, while EBV plays a role in nearly all cases of endemic Burkitt lymphoma, it is only
associated with a minority of cases of sporadic Burkitt lymphoma, which is likely in this patient
given his abdominal involvement. Furthermore, EBV would not be visible on light microscopy of a

lymph node biopsy.
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F - T lymphocyte

Explanation Why

T lymphocytes are found in T-cell lymphomas such as adult T-cell lymphoma (ATL), which typically
manifests in adults with hepatosplenomegaly, lymphadenopathy, and cutaneous lesions. However,
lymphocytes with condensed chromatin and hyperlobulated nuclei that resemble “clover leaves” or
“flower cells” are pathognomonic for ATL and would be expected on a peripheral blood smear or
biopsy of involved organs. In addition, this patient is only 6 years of age, and he has no risk factors
for adult T-cell lymphoma which include IV drug use or travel to HTLV-endemic regions such as
Japan, West Africa, or the Carribean.
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Question # 6

A 32-year-old woman comes to the emergency department because of a 5-day history of anxiety,
irritability, insomnia, and abdominal pain that began after a weekend of partying. She also reports
“bloody” urine as well as a tingling sensation in her hands and feet. She has never experienced similar
symptoms. She does not smoke but says that she tends to drink too much (5 or more drinks) when
partying with friends. Her temperature is 37°C (98.6°F), pulse is 123/min, and blood pressure is
124/70 mm Hg. Examination shows slightly decreased power in the shoulders (3/5) and thighs (4/5),

along with hyporeflexia. Urine dipstick shows:

Blood Negative
Protein Negative
WBC Negative
Bilirubin Negative
Urobilinogen || 3+

This patient's condition is most likely caused by a defect in which of the following enzymes?

Answer

Image

A || Homogentisic acid dioxygenase

B || Aminolevulinic acid dehydratase

C || Aminolevulinic acid synthase

D || Uroporphyrinogen decarboxylase
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Answer

Image

Ferrochelatase

Porphobilinogen deaminase
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Hint

This patient presents with the characteristic 5 “Ps” of acute intermittent porphyria: Painful abdomen,
Psychologic disturbances (anxiety, irritability, insomnia), Polyneuropathy (hyporeflexia, tingling
sensation, muscle weakness), reddish Pee, and Precipitated by alcohol.

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Correct Answer

A - Homogentisic acid dioxygenase

Explanation Why

Alkaptonuria is caused by a defect in homogentisic acid dioxygenase. This condition manifests with
bluish-black discoloration of connective tissue and body fluids, including urine. Further symptoms,
which typically occur in adulthood, include arthralgia, nephrolithiasis, or heart valve stenosis due to
calcification. This patient's neurovisceral symptoms are inconsistent with alkaptonuria.

B - Aminolevulinic acid dehydratase

Explanation Why

Aminolevulinic acid (ALA) dehydratase porphyria, an extremely rare autosomal recessive disorder,
is caused by a defect in ALA dehydratase, a heme synthesis enzyme. Although patients present with
neurovisceral attacks similar to the one seen here, ALA dehydratase porphyria usually manifests in
late childhood, making it an unlikely diagnosis in this patient. Furthermore, ALA dehydratase can be
inhibited due to lead poisoning, which can manifest with symptoms such as abdominal pain,
sensorimotor neuropathy, and psychiatric disturbances. This patient, however, has no history of lead
exposure.

C - Aminolevulinic acid synthase

Explanation Why

X-linked sideroblastic anemia is caused by a defect in aminolevulinic acid synthase, a heme
synthesis enzyme. Patients present with signs and symptoms of anemia (e.g., fatigue, lethargy,
pallor), none of which are seen here. This patient's symptoms suggest acute intermittent porphyria,
which is caused by a defect in a different enzyme.
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D - Uroporphyrinogen decarboxylase

Explanation Why

Porphyria cutanea tarda (PCT) is caused by an inherited or acquired defect in uroporphyrinogen
decarboxylase, a heme synthesis enzyme. PCT, for which alcohol consumption is a risk factor, can
manifest with reddish discoloration of the urine due to the accumulation of uroporphyrin. This
patient's neurovisceral symptoms, however, are inconsistent with this condition. Typical findings of
PCT include skin hyperpigmentation, hypertrichosis, and blistering photosensitivity due to
uroporphyrin accumulation in the skin.

E - Ferrochelatase

Explanation Why

Erythropoietic protoporphyria is caused by a genetic defect in ferrochelatase, a heme synthesis
enzyme. This rare condition typically manifests in childhood with extreme photosensitivity.
Furthermore, ferrochelatase can be inhibited by lead poisoning, which can manifest with symptoms
such as abdominal pain, sensorimotor neuropathy, and psychiatric disturbances. This patient,
however, has no history of lead exposure.
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Image
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Explanation But

In patients with AIP, urobilinogen urine dipstick findings can be false-positive because of a cross-
reaction between porphobilinogen and urobilinogen. The reddish-brown urine color, which may be
mistaken for hematuria, is due to the accumulation of porphyrins.

Explanation Why

Acute intermittent porphyria (AIP) is an autosomal dominant condition caused by a defect in
porphobilinogen deaminase, a heme synthesis enzyme that converts porphobilinogen to
hydroxymethylbilane. This defect leads to accumulation of potentially toxic intermediates of the
early steps of heme synthesis, such as porphobilinogen and $-aminolevulinic acid (3-ALA).
Neurologic dysfunction (manifesting as sensorimotor, psychiatric, and autonomic symptoms, all of
which are seen here) may also be caused by an impaired electron transport chain and energy
production due to lack of heme. Precipitating factors for AIP attacks include alcohol, smoking,
fasting, and certain drugs (e.g., cytochrome P450 inducers). Treatment includes cessation of such
substances and administration of hemin and glucose, which inhibit 3-ALA synthase.
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Question # 7

A 7-year-old girl is brought to the physician for evaluation of recurrent epistaxis. Her mother reports that
she bruises easily while playing. Her pulse is 89/min and blood pressure is 117/92 mm Hg. Examination

shows multiple bruises in the upper and lower extremities. Laboratory studies show:

Platelet count IOO,OOO/mm3
Prothrombin time 12 seconds
Partial thromboplastin time || 33 seconds

Bleeding time

13 minutes (N =2-7)

A peripheral blood smear shows enlarged platelets. Ristocetin assay shows no platelet aggregation.

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

Answer

Image

A || Glycoprotein Ib deficiency

B || WASp deficiency

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Answer

Vitamin K deficiency

Intrinsic pathway

Fibrinogen |

Factor VIII deficiency

Von Willebrand factor deficiency

ADAMTSI13 deficiency
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Hint

Recurrent epistaxis and easy bruising in combination with mild macrothrombocytopenia, prolonged
bleeding time, and no platelet aggregation on the ristocetin assay indicate Bernard-Soulier syndrome.
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Correct Answer

Image

syndrome

Von Willebrand —
disease

Adhesion

Bernard-Soulier —

GplbR B~ %

Aggregation

Glanzmann —
thrombasthenia

Explanation Why

J‘ Damaged vascular
endothelium

| L Exposed collagen

Bernard-Soulier syndrome (BSS) is a rare autosomal recessive platelet adhesion disorder

characterized by deficient platelet glycoprotein Ib (Gplb). Lack of Gplb leads to defective platelet

adhesion to von Willebrand factor (vWF) as well as defective platelet anchoring to the vessel wall
(i.e., impaired primary hemostasis). The platelet count can be normal or low, and platelets are larger

than usual (giant platelets). A ristocetin assay can be used to detect Gplb deficiency because
ristocetin activates vVWF to bind Gplb, thereby inducing platelet aggregation in healthy controls. BSS

is often asymptomatic but can manifest with mucocutaneous bleeding (e.g., epistaxis, gingival
bleeding, petechiae), as seen in this patient.
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B - WASp deficiency

Explanation Why

Easy bruising, epistaxis, and thrombocytopenia raise suspicion for Wiskott-Aldrich syndrome
(WAS), an X-linked recessive disorder caused by WASp deficiency. WAS typically also manifests
with prolonged bleeding time and normal PT/PTT. However, it is associated with
microthrombocytopenia, eczema, recurrent sinopulmonary infections (with encapsulated pathogens),
eosinophilia, and elevated serum IgE, none of which are seen here. A ristocetin assay would be
normal. Furthermore, as an X-linked recessive disease, WAS is usually asymptomatic in female
carriers.

C - Vitamin K deficiency
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Explanation Why

Easy bruising and recurrent epistaxis raise suspicion for a coagulation defect secondary to a
deficiency in vitamin K, a critical cofactor in the synthesis of coagulation factors II, VII, IX, and X.
However, vitamin K deficiency is more classically associated with recurrent deep tissue bleeding
(e.g., hemarthroses, hematomas), ecchymosis, and excessive bleeding following trauma or small

procedures (e.g., dental procedures). Moreover, vitamin K deficiency results in impaired secondary
hemostasis and therefore would show a prolonged PTT, normal bleeding time, normal ristocetin
assay, and normal platelet count and morphology, unlike this patient's ﬁndmgs Vitamin K deficiency
is usually seen in newborns, patients with malabsorption, and patients who are taking vitamin K

antagonists (e.g., warfarin).

D - Factor VIII deficiency
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Explanation Why

Easy bruising and recurrent epistaxis raise suspicion for hemophilia A, an X-linked recessive
deficiency of coagulation factor VIII. However, hemophilia A is more classically associated with
recurrent deep tissue bleeding (e.g., hemarthroses, hematomas) and excessive bleeding following
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trauma or small procedures (e.g., dental procedures). Moreover, hemophilia A results in impaired
secondary hemostasis and therefore would show a prolonged PTT, normal bleeding time, normal
ristocetin assay, and normal platelet count and morphology, unlike this patient's findings. Finally, as
an X-linked recessive disease, hemophilia is usually asymptomatic in female carriers.

E - Von Willebrand factor deficiency

Explanation Why

Easy bruising and recurrent epistaxis raise suspicion for von Willebrand disease (vWD), an
autosomal dominant condition characterized by a quantitative or qualitative defect in von Willebrand
factor. This defect hinders the ability of platelets to adhere to subendothelial collagen, inhibiting
platelet activation and leading to a prolonged bleeding time. vWD typically also manifests with
normal PT/PTT and hypoactive aggregation on ristocetin assay. However, unlike this patient's
findings, the platelet count and morphology would be normal in vWD.

F - ADAMTSI13 deficiency

Explanation Why

Easy bruising, epistaxis, and thrombocytopenia raise suspicion for thrombotic thrombocytopenic
purpura (TTP), which is caused by a deficiency in ADAMTS13 (hereditary or acquired). TTP
typically also manifests with prolonged bleeding time and normal PT/PTT. However, because TTP is
a quantitative platelet disorder, spontaneous bleeding usually occurs only at platelet counts < 20,000
and would not be expected in a patient with mild thrombocytopenia. Moreover, a blood smear would
show schistocytes instead of giant platelets and a ristocetin assay would be normal. Finally, TTP
classically manifests with fever, anemia, renal insufficiency, and neurologic impairment (e.g., altered
mental status, focal neurological deficits), none of which are seen here.
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Question # 8

A 1-year-old boy is brought to the physician by his mother because he has become increasingly pale
over the past several months. He has otherwise been healthy. Apart from his maternal grandfather, who
had a blood disorder and required frequent blood transfusions since birth, the rest of his family,
including his parents and older sister, are healthy. Examination shows conjunctival pallor. Laboratory

studies show:

Hemoglobin

7.7 g/dL

Mean corpuscular volume || 64.8 Mm3

Serum
Iron 187 ug/dL
Ferritin 306 ng/mL

A bone marrow aspirate shows numerous ringed sideroblasts. The patient is most likely deficient in an

enzyme responsible for which of the following reactions?

Answer

Image

A || Aminolevulinic acid — porphobilinogen

Glycine + succinyl-CoA —
aminolevulinic acid
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Answer

Image

Glucose-6-phosphate —
6-phosphogluconate

Porphobilinogen —
hydroxymethylbilane

Protoporphyrin — heme

Uroporphyrinogen I1I —
coproporphyrinogen III
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Hint

This patient has microcytic anemia, serum studies indicating iron overload, and ringed sideroblasts on
bone marrow aspirate. These features and the inheritance pattern (maternal grandfather affected) are
consistent with X-linked sideroblastic anemia.
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Correct Answer

A - Aminolevulinic acid — porphobilinogen

Explanation Why

This reaction is catalyzed by 6-aminolevulinic acid dehydratase (ALA dehydratase). A genetic
deficiency of this enzyme leads to an extremely rare form of acute intermittent porphyria. ALA
dehydratase porphyria manifests with abdominal pain and neuropsychiatric symptoms. Anemia,
ringed sideroblasts, and iron overload would not be expected. More commonly, ALA dehydratase
dysfunction is a result of lead poisoning. Lead poisoning can cause sideroblastic anemia, which is
seen here. However, further symptoms such as neurological dysfunction (e.g., foot drop,
encephalopathy) and a Burton line would also be expected. This patient's family history suggests X-
linked hereditary sideroblastic anemia, which is associated with a deficiency of a different enzyme.

( E-ALA (B-aminolevulinale) ]

Ferrachelatase —— Lead poisoning
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decarboxylase
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Explanation Why

This reaction, which is the first and rate-limiting step of heme synthesis, is catalyzed by 6-
aminolevulinic acid synthase. A deficiency of this enzyme leads to insufficient heme production,
which results in iron overload and perinuclear accumulation of iron-loaded mitochondria (i.e., ringed
sideroblasts). A peripheral blood smear would show basophilic stippling. Sideroblastic anemia can
be hereditary, as in this case, but can also be acquired as a result of heavy alcohol consumption,
vitamin Bg deficiency, lead poisoning, copper deficiency, or myelodysplastic syndromes.

C - Glucose-6-phosphate — 6-phosphogluconate

Explanation Why

This reaction is catalyzed by glucose-6-phosphate dehydrogenase (G6PD), which is the rate-limiting
enzyme of the pentose phosphate pathway. G6PD deficiency is also an X-linked recessive disorder
that manifests with anemia. However, anemia typically only occurs in hemolytic crises triggered by
infections or certain medications, and symptoms would include acute abdominal pain and jaundice.
Ringed sideroblasts are not seen in this disorder.

D - Porphobilinogen — hydroxymethylbilane

Explanation Why

This reaction is catalyzed by porphobilinogen deaminase. A genetic deficiency of this enzyme is seen
in acute intermittent porphyria, which typically manifests in adults with abdominal pain,
polyneuropathy, port-wine colored urine, and psychiatric symptoms. Anemia, ringed sideroblasts,
and iron overload are not seen in this disorder.

E - Protoporphyrin — heme

Explanation Why

This reaction is catalyzed by ferrochelatase. A genetic deficiency of this enzyme leads to
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erythropoietic protoporphyria, which can manifest with sideroblastic anemia. However, the typical
presentation includes a tender, nonblistering, photosensitive rash appearing in early childhood. More
commonly, ferrochelatase dysfunction is a result of lead poisoning. Lead poisoning can also cause
sideroblastic anemia. However, further symptoms such as neurological dysfunction (e.g., foot drop,
encephalopathy) and a Burton line would also be expected. This patient's family history suggests X-
linked hereditary sideroblastic anemia, which is associated with a deficiency of a different enzyme.

F - Uroporphyrinogen III — coproporphyrinogen III

Explanation Why

This reaction is catalyzed by uroporphyrinogen III decarboxylase. A deficiency of this enzyme is
seen in familial porphyria cutanea tarda, which is an autosomal dominant condition with incomplete
penetrance. Although high iron levels increase susceptibility to this disease, it typically manifests in
adults with photosensitivity and painful skin blistering, which are not seen here. Furthermore, neither
anemia nor ringed sideroblasts are seen in this disorder.
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Question # 9

A 58-year-old woman who underwent urgent coronary artery bypass grafting develops sudden-onset of
difficulty breathing shortly after postoperative transfusion of 1 unit of packed red blood cells because of
moderate blood loss. She has alcohol use disorder, and has smoked one pack of cigarettes daily for

22 years. Her temperature is 38.3°C (100.8°F), respirations are 35/min, and blood pressure is

88/57 mmHg. Pulse oximetry on room air shows an oxygen saturation of 72%. Physical examination
shows profuse sweating and cyanosis. There is no jugular venous distension and no peripheral edema. A
chest x-ray shows bilateral alveolar and interstitial infiltrates and a normal cardiac silhouette. Which of

the following is the most likely underlying mechanism of this patient's transfusion reaction?

Answer

Image

A || Cytokine accumulation during blood storage

B || ABO incompatibility

C || Anamnestic antibody response

D || Activation of primed neutrophils

E || Type I hypersensitivity reaction

F || Excessive circulating blood volume
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Hint

This patient developed respiratory distress, fever, hypotension, and signs of noncardiogenic pulmonary
edema within 6 hours of receiving a blood transfusion, which is consistent with a transfusion-related
acute lung injury (TRALI).
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Correct Answer

A - Cytokine accumulation during blood storage

Explanation Why

Long storage of blood products can lead to the leakage and accumulation of cytokines. These
cytokines can induce febrile nonhemolytic transfusion reactions, which manifest in the recipient with
fever and chills. However, this patient's hypotension, pulmonary distress, and infiltrates on chest x-
ray are not consistent with this diagnosis.

B - ABO incompatibility

Explanation Why

ABO incompatibility is the most common cause of acute hemolytic transfusion reactions (AHTR),
which can manifest with fever, hypotension, and dyspnea, as seen here. AHTR typically occurs
during or within one hour of the transfusion. However, typical symptoms include flank pain, signs of
hemolysis (e.g., jaundice), gastrointestinal symptoms (e.g., nausea), allergic symptoms (e.g., pruritis,
urticaria) and complications such as renal failure, none of which are seen in this patient.
Additionally, diffuse infiltrations on chest x-ray are not typically seen in AHTR.

C - Anamnestic antibody response

Explanation Why

A delayed hemolytic transfusion reaction upon re-exposure to antigens (i.e., anamnestic antibody
response) can occur during a transfusion in patients who were previously sensitized to specific RBC
antigens (e.g., Rhesus factor) during transfusion or pregnancy. This leads to a rapid increase in
antibodies that bind to donor RBCs and causes extravascular hemolysis. However, this reaction
would occur days or weeks after transfusion and would manifest with signs of hemolysis (e.g.,
jaundice) rather than respiratory distress and lung infiltrates.
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Explanation Why

Activation of primed neutrophils within the recipient's pulmonary capillaries is thought to be the
pathomechanism of transfusion-related acute lung injury. Activation occurs after exposure to soluble
factors (anti-leukocyte antibodies or lipids) in the donor blood. The result is diffuse damage of
pulmonary endothelial cells, which leads to leakage of interstitial fluid into the alveoli, causing an
ARDS-like reaction with respiratory distress, fever, hypoxemia, and diffuse infiltrates on chest x-ray,
as seen in this patient.

E - Type I hypersensitivity reaction

Explanation Why

Type I hypersensitivity reactions are typically caused by anti-IgA IgG in recipients with IgA
deficiency. Preformed antibodies bind to IgA on the surface of donor RBCs and trigger mast cell
degranulation, causing symptoms such as hypotension and respiratory distress, as seen here.
However, other features of anaphylaxis, such as urticaria and pruritus, would be expected as well.
Furthermore, anaphylaxis is not associated with diffuse infiltrations on chest x-ray.

F - Excessive circulating blood volume

Explanation Why

Transfusion-associated circulatory overload (TACO) can cause pulmonary edema, which leads to
respiratory distress and bilateral alveolar and interstitial infiltrates on chest x-ray, as seen here.
However, TACO typically occurs in patients who have received large amounts of blood products
rapidly, and this patient has only received one unit of RBCs. Patients with TACO typically also
present with peripheral edema, jugular venous distension, and a dilated right ventricle on chest x-ray,
all of which are absent in this patient. In addition, hypotension and fever are not consistent with
TACO.
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Question # 10

A 4-year-old boy with acute lymphoblastic leukemia is admitted to the hospital to undergo allogeneic
bone marrow transplantation. Two weeks after the conditioning regimen is started, he develops a

temperature of 38.5°C (101.3°F). Laboratory studies show:

Hemoglobin 8 g/dL

Leukocyte count 1400/mm°>
Segmented neutrophils || 15%
Eosinophils 0.5%
Lymphocytes 84%
Monocytes 1%

Platelet count llO,OOO/mm3

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

factor-3

Answer Image
A Alkylating
chemotherapeutic agent
B Transforming growth

C || Erythropoietin
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Answer

Image

Interleukin-5
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Hint

This patient has very low absolute neutrophil and monocyte counts.
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Correct Answer

A - Alkylating chemotherapeutic agent

Explanation Why

Alkylating chemotherapeutic agents (e.g., cyclophosphamide) are used to treat acute lymphoblastic
leukemia. Myelosuppression and resultant pancytopenia are among their most dangerous side effects.
This neutropenic patient with fever is at high risk for severe infection, so further suppression of the
immune system should be avoided.

B - Transforming growth factor-p

Explanation Why

Transforming growth factor- regulates the differentiation of many cell types, including monocytes
and macrophages. It is not commonly used in the treatment of leukopenia.

C - Erythropoietin

Explanation Why

Erythropoietin (EPO) stimulates erythropoiesis by promoting differentiation and proliferation of
erythrocyte colony-forming units. Although this patient has anemia and EPO could increase his
hemoglobin concentration, it is more urgent to raise the leukocyte count because this febrile patient
is at high risk for severe infection. EPO does not stimulate the proliferation of leukocytes.
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D - Interleukin-5

Explanation Why

Interleukin-5 (IL-5) promotes differentiation of eosinophilic myeloblasts to eosinophils. Although
this patient has eosinopenia and IL-5 could increase his eosinophil count, it is more urgent to raise
the neutrophil count because this febrile patient is at high risk for severe infection. IL-5 does not
stimulate the proliferation of neutrophils.
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Explanation But

Interleukin-3 (IL-3), which has a similar effect to GM-CSF, would also achieve the desired effect.

IL-3 analogs are under investigation for this indication.
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Explanation Why

Granulocyte-macrophage colony-stimulating factor (GM-CSF) promotes proliferation and
differentiation of progenitor cells of neutrophils, eosinophils, and monocytes/macrophages in the
bone marrow. Moreover, it can activate mature granulocytes and macrophages and induce
proliferation of megakaryocytic and erythroid progenitor cells. This patient with
chemotherapy-induced severe febrile neutropenia, anemia, and thrombocytopenia would benefit most
from treatment with recombinant GM-CSF (i.e., sargramostim).

F - Thrombopoietin

Explanation Why

Thrombopoietin stimulates thrombopoiesis by promoting differentiation and proliferation of
megakaryocyte colony-forming units. This patient has mild thrombocytopenia without bleeding
complications. Although thrombopoietin could increase his platelet count, it is more urgent to raise
the leukocyte count because this febrile patient is at high risk for severe infection. Thrombopoietin
does not stimulate the proliferation of leukocytes.

G - Interleukin-2

Explanation Why

Interleukin-2 (IL-2) analogs (i.e., aldesleukin) promote T-cell proliferation and lymphoid progenitor
cell differentiation from hematopoietic stem cells. High dose aldesleukin is used to treat certain types
of cancers (e.g., metastatic melanoma), and low dose aldesleukin is being investigated as a treatment
for chronic graft-versus-host disease, which can result from allogeneic bone marrow transplantation.
This patient predominantly lacks neutrophils and monocytes, which are not stimulated by IL-2.
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Question # 11

A 13-year-old girl is brought to the emergency department 35 minutes after falling off a horse. Her
mother reports that she lost consciousness for less than 15 seconds. She reports pain in her left shoulder,
left flank, and left hip. She has no history of serious illness but had a sore throat, fatigue, and fever for
the past week. She does not take any medications. Her pulse is 105/min and blood pressure is

95/60 mm Hg. Physical examination shows abrasions on the left upper arm, but no signs of fracture or
dislocation. Passive and active range of motion of the shoulder, elbow, and wrist are intact. There is
abdominal tenderness and guarding in the left upper quadrant. Her hemoglobin concentration is

9.8 g/dL, leukocyte count is 5,600/mm3, and platelet count is 145,000/mm3 . An abdominal ultrasound
shows free intra-abdominal fluid in the Douglas pouch. Which of the following is the most likely cause
of this patient's sonographic findings?

Answer Image

A || Small bowel perforation

B Liver hematoma

C || Pancreatic laceration

D || Splenic rupture

E || Kidney injury

https://t.me/USMLEAmboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Hint

This patient presents with a dreaded complication of infectious mononucleosis.
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Correct Answer

A - Small bowel perforation

Explanation Why

Abdominal pain and guarding, shock, and free intra-abdominal fluid after abdominal trauma raises
suspicion for small bowel perforation. However, while penetrating abdominal trauma (e.g., gunshot,
knife wound) leads to immediate bowel injury and intestinal leakage, blunt abdominal trauma (e.g.,
this patient's fall) typically results in an intestinal contusion, which slowly develops into necrosis and
intestinal rupture after several days. This patient's acute presentation after a fall makes another
diagnosis more likely.

B - Liver hematoma

Explanation Why

Abdominal pain radiating to the shoulder and abdominal guarding after a fall may raise suspicion for
liver hematoma. However, liver hematoma is associated with right upper quadrant pain that radiates
to the right shoulder, not left upper quadrant pain radiating to the left shoulder. Moreover, in the
absence of liver parenchymal disruption, a liver hematoma is an encapsulated collection of blood and
would not present with hemoperitoneum (i.e., blood in the rectovaginal pouch of Douglas).

C - Pancreatic laceration

Explanation Why

Pancreatic laceration may occur in blunt abdominal trauma (e.g., this patient's fall), causing
abdominal pain and guarding. However, pancreatic laceration is associated with right upper quadrant
or epigastric pain, not left upper quadrant pain that radiates to the left shoulder. Moreover, because
the majority of the pancreas is retroperitoneal (only the tail is intraperitoneal), pancreatic laceration is
more likely to manifest with a retroperitoneal or peripancreatic hematoma than with blood in the
pouch of Douglas.
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Explanation Why

Left upper quadrant pain radiating to the left shoulder (Kehr sign), abdominal guarding, and
hemorrhagic shock (tachycardia, decreased hemoglobin) after blunt abdominal trauma in a patient
with a recent history of infectious mononucleosis (IM) is consistent with splenic rupture. IM is
associated with splenomegaly, so affected individuals have an increased risk of splenic rupture and
are therefore advised to avoid physical activity for at least 3 weeks after the onset of symptoms. This
patient's fall from a horse likely caused splenic rupture, resulting in hemoperitoneum and blood
collection in the pouch of Douglas, as seen on this patient's abdominal ultrasound.

E - Kidney injury

Explanation Why

The kidney may be damaged in blunt abdominal trauma (e.g., this patient's fall), which can manifest
with abdominal pain. However, kidney injury is not typically associated with pain that radiates to the
left shoulder. Moreover, because the kidney is a retroperitoneal organ, free-fluid collection in the
rectovaginal pouch of Douglas would not be expected in the absence of penetrating trauma, because
the posterior border of the pouch is the peritoneum. Furthermore, kidney injury is typically
associated with hematuria, which is not seen here.
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Question # 12

A 45-year-old woman comes to the physician for a 1-week history of headache, lightheadedness, and
tingling of the hands and feet. Her medical history is significant for deep vein thrombosis and two
spontaneous abortions at 12 and 15 weeks' gestation. Physical examination shows no abnormalities. Her

serum erythrocyte count is 5.3 million/mm?> , leukocyte count is 10,500/mm3 , and platelet count is

1,120,000/mm3 . A photomicrograph of a bone marrow biopsy obtained from the patient is shown.
Which of the following is the most likely diagnosis?

Answer Image

A || Antiphospholipid syndrome

https://t.me/USMLEAmMboss


https://t.me/USMLEAmboss
https://t.me/USMLEAmboss

Answer

Essential thrombocythemia

Primary myelofibrosis

Myelodysplastic syndromes

Polycythemia vera

Chronic myeloid leukemia
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Answer

Image

Reactive thrombocytosis
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Hint

This patient's bone marrow biopsy shows hypercellularity and the presence of enlarged atypical
megakaryocytes with abundant cytoplasm and deeply- or hyper-lobulated nuclei.
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Correct Answer

A - Antiphospholipid syndrome

Explanation Why

This patient's history of deep vein thrombosis and multiple spontaneous abortions raises suspicion
for antiphospholipid syndrome (APS), an autoimmune disease characterized by a hypercoagulable
state and both arterial and venous thromboses. However, this patient's thrombocytosis and bone
marrow findings of atypical megakaryocytes are not consistent with APS.

Explanation But

Leukocyte count is usually normal in ET, but it may be slightly elevated, so the presence of mild
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leukocytosis should not rule out a diagnosis of ET.
Explanation Why

Essential thrombocythemia (ET) is a type of chronic myeloproliferative disorder characterized by
excessive clonal proliferation of megakaryocytes and functionally abnormal platelets and a
predisposition to bleeding and clotting disorders. Affected individuals may present with
hyperviscosity syndrome (i.e., headache, lightheadedness, acral paresthesia) and a history of venous
thromboembolism and spontaneous abortions, all of which are seen here. Moreover, this patient's
isolated thrombocytosis and bone marrow biopsy findings showing hyperplasia of atypical
megakaryocytes are consistent with the diagnosis of ET. About 50% of ET cases are associated with
the JAK2 mutation. Treatment for ET involves cytoreductive therapy with hydroxyurea or interferon-
alpha and thromboprophylaxis with aspirin.

C - Primary myelofibrosis

Explanation Why

Thrombocytosis and atypical megakaryocytes on bone marrow biopsy may be seen during the
hyperproliferative (early) phase of primary myelofibrosis. However, primary myelofibrosis is
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associated with a characteristic dry bone marrow tap with extreme bone marrow fibrosis, which is
not seen here. Moreover, patients with this condition typically present during the pancytopenic (late)
phase, which is commonly associated with splenomegaly (due to extramedullary hematopoiesis) and
leukoerythroblastosis.

D - Myelodysplastic syndromes

Image

Explanation Why

Myelodysplastic syndromes (MDSs) are a group of hematologic cancers characterized by
malfunctioning and dysplastic pluripotent stem cells that fail to mature, which results in ineffective
hematopoiesis of one or more nonlymphoid lineages. MDSs are therefore associated with cytopenias
of one or more myeloid cell lines (i.e., anemia, thrombocytopenia, leukopenia), which is not
consistent with this patient's presentation. Moreover, bone marrow (BM) biopsy would reveal
increased blasts (5—19% of BM nucleated cells) and, in certain MDS subtypes, ringed sideroblasts,
neither of which are seen here.
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E - Polycythemia vera

Explanation Why

Polycythemia vera (PV) is a type of chronic myeloproliferative disorder that can manifest with
thrombocytosis, hyperviscosity syndrome, and a history of thrombosis and spontaneous abortions, as
seen in this patient. However, this patient lacks the other characteristic findings of PV, which are
facial plethora (ruddy cyanosis), aquagenic pruritus (due to increased histamine release from mast
cells), and peptic ulcer disease (histamine stimulates gastric acid production). Most importantly, this
patient's normal erythrocyte and leukocyte counts are inconsistent with PV. Moreover, a bone
marrow biopsy of a patient with PV would classically show trilineage hypercellularity (erythroid,
granulocytic, and megakaryocytic), which is not seen here.

F - Chronic myeloid leukemia

Explanation Why

Chronic myeloid leukemia (CML) is a type of myeloproliferative disorder that, in the chronic phase,
can present thrombocytosis, as seen here. However, this patient lacks the other characteristic features
of CML, which are splenomegaly, fever, weight loss, night sweats, and leukocytosis with basophilia,
eosinophilia, and increased immature myeloid cells (e.g., metamyelocytes and myelocytes).
Moreover, a bone marrow biopsy of a patient with CML would show hyperplastic myelopoiesis with
elevated granulocytic precursors (i.e., myelocytes and promyelocytes), which is not seen here.

G - Reactive thrombocytosis

Explanation Why

An elevated platelet count may raise suspicion for reactive thrombocytosis, which is defined as a
transient elevation of platelet count due to certain medical or surgical conditions (e.g., following
splenectomy, infection, or due to iron deficiency). However, this patient's bone marrow biopsy shows
a large number of atypical megakaryocytes, which is not consistent with reactive thrombocytosis.
Moreover, platelet size and function are normal in reactive thrombocytosis, so thrombotic and/or
hemorrhagic complications are rarely seen in this condition.
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Question # 13

A 33-year-old man is brought to the emergency department by his wife because of a 24-hour history of
high fever, headache, myalgia, vomiting, and diarrhea. He is a nurse. Two weeks ago, he returned from a
medical mission to the Democratic Republic of the Congo, where he was taking care of patients infected
with a filovirus. During his stay, he took atovaquone-proguanil for malaria prophylaxis. His routine
immunizations are up-to-date. Prior to departure, he received additional vaccinations against cholera,
rabies, typhoid, and yellow fever. His temperature is 39.0°C (102.2°F), pulse is 49/min and regular, and

blood pressure is 105/72 mm Hg. His mucous membranes appear dry. Laboratory studies show

leukopenia, thrombocytopenia, and elevated serum transaminases. A serum reverse transcriptase-
polymerase chain reaction confirms infection with a filovirus. Which of the following is the most likely

route of transmission of the causal pathogen?

Answer

Image

A || Direct contact with bodily fluids

Viral hemorrhagic fevers

Definition
eterog: group ¢
edomi

Etiology

Diagnostics

orfiratony test
T-PCR

Treatment
3 i

Headache, dizziness
Conjunc ——
tivitis.

Severe VHF

Bleeding diathesis:

~———+— Bioody diartheall;), melena
Hematuria

B Tick bite

C || Inhalation of aerosolized droplets

D || Mosquito bite

E || Ingestion of contaminated water
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Hint

This man's presentation in addition to his recent history of taking care of patients infected with a
filovirus in a sub-Saharan African country suggests Ebola virus disease (EVD). Serum reverse
transcriptase-polymerase chain reaction is the standard method to confirm infection.
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Correct Answer

Image

Viral hemorrhagic fevers

Definition

Headache, dizziness

Conjunc-
tivitis

Lymphadanopathy
Sore throat

/ Fever

Rash -
Apdominal pain,
diarrhea, vomiting

e

Myalgia —'—|lr

Arthralgia

L}

Diagnostics
History o

Treatment
Primarily su

may be o 11 50Me Cases

Explanation Why

Ebola virus is transmitted via direct contact with bodily fluids from infected patients, fomites
(increases the likelihood of nosocomial spread), and infected nonhuman primates or fruit bats. After
an incubation period of up to 3 weeks, affected individuals usually present with acute flu-like
symptoms, vomiting, and diarrhea (potentially severe enough to cause dehydration), as seen in this
patient. Additional manifestations of Ebola virus disease (EVD) include bradycardia and

Severe VHF

f Hypowolemic shock
.'/ i Multiorgan failure | /% fD
7— Liver and kidney dysfunction

W Bleeding diathesis:
~————+—— Bloody diarrheal5], melens
———— Hematuria

Petechiae, ecchyimoses

the mortality rate is usually high (~ 50%).

pulse-temperature dissociation. As EVD progresses, patients can present with diffuse hemorrhage,
hypovolemic shock, multiorgan failure, and DIC. Supportive care is the mainstay of treatment, and
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B - Tick bite

Explanation Why

A tick bite is the route of transmission of CCHF virus, the pathogen responsible for Crimean-Congo
hemorrhagic fever. This condition is endemic in the Democratic Republic of Congo. Affected
patients present with acute flu-like symptoms, diarrhea, and vomiting, all of which are seen in this
case. However, pulse-temperature dissociation with bradycardia is not expected in patients with
Crimean-Congo hemorrhagic fever. Additionally, while the CCHF virus belongs to the family of
Nairoviridae, RT-PCR confirmed infection with a filovirus.

C - Inhalation of aerosolized droplets

Explanation Why

Inhalation of aerosolized droplets of rodent excretions is the route of transmission of Lassa virus, the
pathogen that causes Lassa fever. This condition is endemic in West Africa and affected individuals
present with flu-like symptoms, which are seen in this patient. However, pulse-temperature
dissociation with bradycardia is not consistent with Lassa fever. Additionally, the Lassa virus
belongs to the Arenoviridae family. RT-PCR instead confirmed infection with a filovirus.

D - Mosquito bite

Explanation Why

A mosquito bite is the route of transmission of Dengue virus, the causal pathogen of Dengue fever.
Patients with this condition present with acute flu-like symptoms, vomiting, diarrhea, and
pulse-temperature dissociation with bradycardia, all of which are seen in this case. However, the
Dengue virus belongs to the family of Flaviviridae; RT-PCR confirmed infection with a filovirus.
Furthermore, Dengue virus infections typically manifests with severe arthralgia, and the incubation
period of Dengue fever is usually up to 10 days. This patient returned from Africa 2 weeks ago.
Other mosquito-borne viral diseases endemic in African countries include malaria, yellow fever, rift
valley fever, West Nile encephalitis, and Chikungunya fever. None of these conditions are caused by
a filovirus.
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E - Ingestion of contaminated water

Explanation Why

Ingestion of contaminated water and food is the route of transmission of the hepatitis A virus.
Patients with hepatitis A virus infection present with fever, diarrhea, vomiting, and elevated serum
transaminases, all of which are seen here. However, pulse-temperature dissociation with bradycardia
would not be expected. Additionally, patients with this condition usually present with jaundice,
hepatomegaly, and right quadrant tenderness to palpation. Finally, while hepatitis A virus belongs to
the family of Picornaviridae, RT-PCR confirmed infection with a filovirus. Another viral disease
caused by the ingestion of contaminated water with a similar presentation is hepatitis E, which is not
caused by a filovirus either.
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Question # 14

A 76-year-old woman comes to the physician for a 3-day history of swelling and redness of her left
lower leg. She has type 2 diabetes mellitus and hypertension. Her temperature is 38.7°C (101.7°F).
Examination of the left leg shows an erythematous, raised skin lesion with sharply demarcated margins.
The affected skin is warm and tender to palpation. A diagnosis of cutaneous streptococcal infection is
made. In addition to the upper dermis, the patient's condition is most likely to involve tissue that is
derived from which of the following embryological structures?

Answer Image

A || Mesoderm

B || Neural tube

C || Endoderm

D || Surface ectoderm

E Neural crest

F Notochord
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Hint

Erysipelas is typically caused by group A streptococci and, as seen here, manifests with an erythematous
and sharply demarcated skin lesion and possibly fever. This condition is a superficial skin infection that
is limited to the upper dermis and the superficial cutaneous lymphatics.
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Correct Answer

Image

l'., [[] Somatic
\ mesoderm

Explanation Why

The mesoderm gives rise to blood vessels and lymphatic vessels, including the superficial cutaneous
lymphatics, which are affected in this patient with erysipelas. Other structures that are derived from
the mesoderm are bones (except skull bones), muscles, connective tissue, certain organs (e.g., spleen,
kidneys, adrenal cortex, gonads), the upper vagina, the serosal linings of body cavities (peritoneum,
pericardium, and pleura), the notochord, the pachymeninges (dura mater), and microglial cells.
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B - Neural tube

Explanation Why

The neural tube gives rise to the central nervous system, retina, pineal gland, posterior pituitary,
astrocytes, and oligodendrocytes. The structures involved in erysipelas are derived from a different
embryonic layer.

C - Endoderm

Explanation Why

The endoderm gives rise to the epithelial linings of the gastrointestinal tract, lower respiratory tract,
the urethra, and the lower vagina. The structures involved in erysipelas are derived from a different
embryonic layer.

D - Surface ectoderm

Explanation Why

In the skin, the epidermis, hair follicles, and sweat glands are derived from the surface ectoderm.
Impetigo, an infection of the superficial layers of the epidermis, can be caused by group A
streptococci and appears on an extremity or the face, as seen here. However, this condition typically
affects children, not adults, and it manifests as small erythematous papules or pustules that rupture
and form honey-colored crusts. Hair follicle infection (folliculitis) is typically caused by
Staphylococcus spp., certain gram-negative bacteria (e.g., Pseudomonas), and certain yeast (e.g.,
Malassezia spp.), not by streptococci. Hidradenitis suppurativa, an infection of apocrine sweat
glands, manifests with erythematous papules and pustules in the axilla, groin, or inframammary
region, not the extremity. The parts of the skin involved in erysipelas are derived from a different
embryonic layer.
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E - Neural crest

Explanation Why

In the skin of the trunk and the extremities, only melanocytes and sensory and autonomic nerves are
derived from neural crest cells. The structures involved in this patient's erysipelas (i.e., upper dermis
and superficial lymphatic vessels) are derived from a different embryonic layer in the trunk and
extremities. Only the dermis of the head is derived from neural crest cells.

F - Notochord

Explanation Why

The notochord, which is derived from axial mesoderm, signals the primitive ectoderm to differentiate
into neuroectoderm. The only remnant of the notochord is the nucleus pulposus of the vertebral
discs. The structures involved in erysipelas are derived from a different embryonic structure.
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	D - Increased pulmonary vascular resistance
	Explanation Why

	E - Decreased hemoglobin concentration
	Explanation But
	Explanation Why


	Question # 18
	Hint
	Correct Answer
	A - Enzyme deficiency in red blood cells
	Explanation Why

	B - IgM autoantibodies against red blood cells
	Explanation Why

	C - Defective red blood cell membrane proteins
	Explanation Why

	D - Defect in orotic acid metabolism
	Explanation Why

	E - Polymerization of abnormal hemoglobin
	Explanation Why

	F - Lead poisoning
	Explanation Why

	G - Absent hemoglobin beta chain
	Explanation Why


	Question # 19
	Hint
	Correct Answer
	A - Factor V Leiden
	Explanation Why

	B - Increased lipoprotein synthesis
	Explanation Why

	C - Loss of antithrombin III
	Explanation Why

	D - Malignant erythropoietin production
	Explanation Why

	E - Antiphospholipid antibodies
	Explanation Why


	Question # 20
	Hint
	Correct Answer
	A - Platelet transfusion
	Explanation Why

	B - Rituximab
	Explanation Why

	C - All-trans retinoic acid
	Explanation But
	Explanation Why

	D - Imatinib
	Explanation Why

	E - Cyclophosphamide
	Explanation Why


	Question # 21
	Hint
	Correct Answer
	A - Switch to propylthiouracil
	Explanation Why

	B - Perform bone marrow biopsy
	Explanation Why

	C - Test for EBV, HIV, and CMV infection
	Explanation Why

	D - Begin oral aminopenicillin
	Explanation Why

	E - Discontinue methimazole
	Explanation Why


	Question # 22
	Hint
	Correct Answer
	A - Antiglomerular basement membrane antibodies
	Explanation Why

	B - Immunoglobulin light chains
	Explanation But
	Explanation Why

	C - Renal deposition of AL amyloid
	Explanation Why

	D - Anti double-stranded DNA antibodies
	Explanation Why

	E - Hypersensitivity reaction
	Explanation Why


	Question # 23
	Hint
	Correct Answer
	A - Bilateral pulmonary infiltrates on chest x-ray
	Explanation Why

	B - Serum antibodies against class I HLA antigens
	Explanation Why

	C - Positive direct Coombs test
	Explanation Why

	D - Positive blood cultures
	Explanation Why

	E - Low levels of serum IgA immunoglobulins
	Explanation Why


	Question # 24
	Hint
	Correct Answer
	A - Neutrophils with hypersegmented nuclei
	Image
	Explanation Why

	B - Erythrocytes with denatured hemoglobin inclusions
	Image
	Explanation Why

	C - Microcytic, hypochromic erythrocytes
	Explanation Why

	D - Erythrocytes with basophilic granules
	Image
	Explanation Why

	E - Erythrocytes coated with autoantibodies
	Image
	Explanation But
	Explanation Why


	Question # 25
	Hint
	Correct Answer
	A - Promotion of hepatic LDL secretion
	Explanation Why

	B - Inhibition of hepatic HMG-CoA reductase
	Explanation Why

	C - Inhibition of intestinal bile acid absorption
	Explanation Why

	D - Inhibition of hepatic VLDL synthesis
	Explanation But
	Explanation Why

	E - Inhibition of intestinal cholesterol absorption
	Explanation Why


	Question # 26
	Hint
	Correct Answer
	A - Deer
	Explanation Why

	B - Birds
	Explanation Why

	C - Squirrels
	Image
	Explanation Why

	D - Dogs
	Explanation Why

	E - Bats
	Explanation Why

	F - Sheep
	Explanation Why


	Question # 27
	Hint
	Correct Answer
	A - Allogeneic bone marrow transplant
	Explanation But
	Explanation Why

	B - Müllerian duct agenesis
	Explanation Why

	C - 21-hydroxylase deficiency
	Explanation Why

	D - Radiation therapy
	Explanation Why

	E - Defective androgen receptor
	Explanation Why


	Question # 28
	Hint
	Correct Answer
	A - Anti-nuclear antibodies
	Explanation Why

	B - Anti-ribonucleoprotein antibodies
	Explanation Why

	C - Anti-cyclical citrullinated peptide antibodies
	Explanation Why

	D - Anti-DNA topoisomerase I antibodies
	Explanation Why

	E - Anti-β2 glycoprotein antibodies
	Image
	Explanation But
	Explanation Why

	F - Anti-synthetase antibodies
	Explanation Why


	Question # 29
	Hint
	Correct Answer
	A - Accelerated phase of chronic myeloid leukemia
	Explanation But
	Explanation Why

	B - Leukemic transformation of T-cell lymphoma
	Explanation Why

	C - Richter transformation of small lymphocytic lymphoma
	Explanation Why

	D - Leukemic transformation of myelodysplastic syndrome
	Explanation Why

	E - Radiation-induced myeloid leukemia
	Image
	Explanation Why


	Question # 30
	Hint
	Correct Answer
	A - Hydrolysis of guanosine triphosphate
	Explanation Why

	B - Upregulation of cytokine receptor binding
	Explanation Why

	C - Transfer of phosphate from ATP to cellular protein
	Explanation Why

	D - Inhibition of DNA break repair
	Explanation Why

	E - Phosphorylation of serine and threonine
	Explanation Why

	F - Inhibition of programmed cell death
	Explanation But
	Explanation Why


	Question # 31
	Hint
	Correct Answer
	A - Decreased lymphocyte count
	Image
	Explanation Why

	B - Increased platelet count
	Explanation Why

	C - Increased complement component 3
	Explanation Why

	D - Increased prothrombin time
	Explanation Why

	E - Decreased gamma globulin
	Explanation Why


	Question # 32
	Hint
	Correct Answer
	A - Activation of leukocytes
	Explanation Why

	B - Decreased release of progeny virus
	Explanation Why

	C - Inhibition of reverse transcriptase
	Explanation Why

	D - Inhibition of protease
	Explanation Why

	E - Decreased synthesis of guanine nucleotides
	Explanation Why


	Question # 33
	Hint
	Correct Answer
	A - Translocation t(15;17)
	Explanation Why

	B - Clusters of plasma cells
	Image
	Explanation Why

	C - Ringed sideroblasts
	Image
	Explanation Why

	D - CD10 positive cells
	Image
	Explanation Why

	E - Hypocellular bone marrow
	Explanation Why


	Question # 34
	Hint
	Correct Answer
	A - Crescent-shaped, sheared erythrocyte fragments
	Image
	Explanation Why

	B - Erythrocytes with cytoplasmic hemoglobin inclusions
	Explanation Why

	C - B-lymphocytes with radial cytoplasmic projections
	Explanation Why

	D - Neutrophils with hypersegmented nuclear lobes
	Image
	Explanation Why

	E - Grouped erythrocytes with stacked-coin appearance
	Image
	Explanation But
	Explanation Why

	F - Myeloblasts with needle-shaped cytoplasmic inclusions
	Image
	Explanation Why


	Question # 35
	Hint
	Correct Answer
	A - Acellular, protein-poor fluid
	Explanation Why

	B - Lymphocytic, hemosiderin-rich fluid
	Explanation Why

	C - Lipid-rich, protein-rich fluid
	Image
	Explanation Why

	D - Protein-rich, glycosaminoglycan-rich fluid
	Explanation Why

	E - Neutrophilic, protein-rich fluid
	Explanation Why


	Question # 36
	Hint
	Correct Answer
	A - De-novo synthesis of glutathione
	Explanation Why

	B - Generation of superoxide
	Image
	Explanation But
	Explanation Why

	C - Anchoring proteins to cell surface
	Explanation Why

	D - Conversion of phosphoenolypyruvate
	Explanation Why

	E - Function of myeloperoxidase
	Explanation Why


	Question # 37
	Hint
	Correct Answer
	A - Decreased production of β-globin proteins
	Explanation Why

	B - Amino acid substitution in the β-globin protein
	Explanation Why

	C - Cis deletion of α-globin genes
	Explanation Why

	D - Inadequate intake of iron
	Explanation Why

	E - Acquired inhibition of heme synthesis
	Explanation Why


	Question # 38
	Hint
	Correct Answer
	A - Decrease the serum 2,3-bisphosphoglycerate concentration
	Image
	Explanation Why

	B - Increase the serum hydrogen ion concentration
	Explanation Why

	C - Decrease the proportion of fetal hemoglobin
	Explanation Why

	D - Increase the arterial partial pressure of carbon dioxide
	Explanation Why

	E - Increase the serum temperature
	Explanation Why


	Question # 39
	Hint
	Correct Answer
	A - Chronic myelogenous leukemia
	Image
	Explanation Why

	B - Acute myelogenous leukemia
	Image
	Explanation Why

	C - Follicular lymphoma
	Image
	Explanation Why

	D - Hairy cell leukemia
	Image
	Explanation Why

	E - Hodgkin lymphoma
	Image
	Explanation Why

	F - Chronic lymphocytic leukemia
	Image
	Explanation Why

	G - Hemophagocytic lymphohistiocytosis
	Explanation Why


	Question # 40
	Hint
	Correct Answer
	A - Enterohemorrhagic E.coli toxins
	Explanation Why

	B - Antibodies against ADAMTS13
	Image
	Explanation Why

	C - Antibodies against GpIIb/IIIa
	Explanation Why

	D - Absence of platelet GpIIb/IIIa receptors
	Explanation Why

	E - Mutation of the PIGA gene
	Explanation Why

	F - Antibodies against double-stranded DNA
	Explanation Why


	Question # 1
	Hint
	Correct Answer
	A - Fluorescent spot test
	Explanation Why

	B - Direct antiglobulin test
	Explanation Why

	C - Eosin-5-maleimide binding test
	Image
	Explanation But
	Explanation Why

	D - Hemoglobin electrophoresis
	Explanation Why

	E - Indirect antiglobulin test
	Explanation Why

	F - Peripheral smear
	Image
	Explanation Why

	G - Flow cytometric analysis of CD55 and CD59
	Explanation Why


	Question # 2
	Hint
	Correct Answer
	A - Ornithine and carbamoylphosphate to citrulline
	Image
	Explanation Why

	B - Glucose-6-phosphate to 6-phosphogluconate
	Image
	Explanation Why

	C - Hypoxanthine to inosine monophosphate
	Image
	Explanation Why

	D - Phosphoenolpyruvate to pyruvate
	Image
	Explanation Why

	E - Orotate to uridine 5'-monophosphate
	Explanation But
	Explanation Why


	Question # 3
	Hint
	Correct Answer
	A - Pseudomonas aeruginosa
	Explanation Why

	B - Coccidioides immitis
	Explanation Why

	C - Salmonella typhi
	Explanation Why

	D - Escherichia coli
	Explanation Why

	E - Streptococcus pyogenes
	Explanation Why

	F - Streptococcus pneumoniae
	Explanation Why


	Question # 4
	Hint
	Correct Answer
	A - t(9;22)
	Explanation Why

	B - t(11;22)
	Explanation Why

	C - t(11;14)
	Explanation Why

	D - t(14;18)
	Explanation Why

	E - t(8;14)
	Explanation Why

	F - t(12;21)
	Explanation Why

	G - t(15;17)
	Explanation Why


	Question # 5
	Hint
	Correct Answer
	A - Hemoglobin electrophoresis
	Explanation Why

	B - Direct Coombs test
	Explanation Why

	C - Serum TSH measurement
	Explanation Why

	D - Vitamin B12 levels
	Explanation Why

	E - Ferritin levels
	Explanation Why

	F - Peripheral blood smear
	Explanation Why

	G - Bone marrow biopsy
	Explanation Why


	Question # 6
	Hint
	Correct Answer
	A - Infection of the joint space
	Explanation But
	Explanation Why

	B - Crystal deposition within the joint
	Explanation Why

	C - Loss of bone mineral density
	Explanation Why

	D - Infarction of the bone trabeculae
	Explanation But
	Explanation Why

	E - Infection of the bone
	Explanation But
	Explanation Why


	Question # 7
	Hint
	Correct Answer
	A - Autoantibodies against the thyroid gland
	Explanation Why

	B - Chronic occult blood loss
	Explanation Why

	C - Malignant plasma cell replication
	Explanation Why

	D - Deficient vitamin B12 intake
	Explanation Why

	E - Hematopoietic progenitor cell mutation
	Explanation Why

	F - Decreased erythropoietin production
	Explanation Why


	Question # 8
	Hint
	Correct Answer
	A - Slipped capital femoral epiphysis
	Explanation Why

	B - Septic arthritis
	Explanation Why

	C - Proximal femoral osteosarcoma
	Explanation Why

	D - Avascular necrosis
	Explanation Why

	E - Transient synovitis
	Explanation Why

	F - Impaired skeletal growth
	Explanation Why


	Question # 9
	Hint
	Correct Answer
	A - Salmonella paratyphi
	Explanation Why

	B - Streptococcus pneumoniae
	Explanation Why

	C - Neisseria meningitidis
	Explanation Why

	D - Staphylococcus aureus
	Explanation Why

	E - Nontypeable Haemophilus influenzae
	Explanation Why


	Question # 10
	Hint
	Correct Answer
	A - Hemin
	Explanation Why

	B - Prednisone
	Explanation Why

	C - Fexofenadine
	Explanation Why

	D - Acyclovir
	Explanation Why

	E - Hydroxychloroquine
	Explanation Why


	Question # 11
	Hint
	Correct Answer
	A - Multiple myeloma
	Image
	Explanation Why

	B - Hyper IgM syndrome
	Explanation Why

	C - Essential thrombocythemia
	Explanation Why

	D - Waldenstrom macroglobulinemia
	Explanation Why

	E - Giant cell arteritis
	Explanation Why


	Question # 12
	Hint
	Correct Answer
	A - Doxycycline
	Explanation Why

	B - Trimethoprim/sulfamethoxazole
	Explanation Why

	C - Vancomycin
	Explanation Why

	D - Daptomycin
	Explanation Why

	E - Linezolid
	Explanation Why

	F - Chloramphenicol
	Explanation Why

	G - Imipenem
	Explanation Why


	Question # 13
	Hint
	Correct Answer
	A - Coronary artery aneurysm
	Image
	Explanation Why

	B - Hyperuricemia
	Explanation Why

	C - Salmon-colored macules
	Image
	Explanation Why

	D - Thickened heart valves
	Explanation Why

	E - Microhematuria
	Explanation Why


	Question # 14
	Hint
	Correct Answer
	A - Hyposthenuria
	Explanation Why

	B - Positive eosin-5-maleimide binding test
	Explanation Why

	C - Petechial rash
	Explanation Why

	D - Hepatosplenomegaly
	Explanation Why

	E - Elevated urinary coproporphyrins
	Image
	Explanation Why


	Question # 15
	Hint
	Correct Answer
	A - Leukoreduction
	Image
	Explanation Why

	B - Warming
	Explanation Why

	C - Washing
	Explanation Why

	D - Irradiation
	Explanation Why

	E - Centrifugation
	Explanation Why


	Question # 16
	Hint
	Correct Answer
	A - Glucose-6-phosphate dehydrogenase deficiency
	Explanation Why

	B - IgM antibody formation against A and B antigens
	Explanation Why

	C - Biliary duct malformation
	Explanation Why

	D - UDP-glucuronosyltransferase deficiency
	Explanation Why

	E - IgG antibody formation against Rh antigen
	Explanation Why


	Question # 17
	Hint
	Correct Answer
	A - Neoplastic granulocytes with low leukocyte alkaline phosphatase score
	Explanation Why

	B - Neoplastic lymphocytes that stain positive for tartrate-resistant acid phosphatase
	Image
	Explanation But
	Explanation Why

	C - Neoplastic myeloid cells that stain positive for myeloperoxidase
	Explanation Why

	D - Dysplastic erythroid cells that stain positive for iron
	Explanation Why

	E - Neoplastic lymphoid cells that stain positive for terminal deoxynucleotidyl transferase activity
	Explanation Why


	Question # 18
	Hint
	Correct Answer
	A - Elevated hepcidin
	Explanation Why

	B - Elevated ferritin
	Explanation Why

	C - Decreased transferrin saturation
	Explanation Why

	D - Elevated transferrin
	Explanation Why

	E - Decreased haptoglobin
	Explanation Why

	F - Elevated iron-binding capacity
	Explanation Why


	Question # 19
	Hint
	Correct Answer
	A - β4
	Explanation Why

	B - α2βS2
	Explanation Why

	C - α2β2
	Explanation Why

	D - α2δ2
	Explanation Why

	E - α2γ2
	Image
	Explanation But
	Explanation Why


	Question # 20
	Hint
	Correct Answer
	A - Macrophages with yellow-brown, lipid-containing granules
	Explanation Why

	B - Macrophages with cytoplasmic granules that stain golden-yellow with hematoxylin
	Explanation Why

	C - Extracellular deposition of pink-staining proteins
	Explanation Why

	D - Cytoplasmic brown-pigmented granules that stain positive for S-100
	Explanation Why

	E - Cytoplasmic pink-staining granules that stain positive with PAS
	Explanation Why


	Question # 21
	Hint
	Correct Answer
	A - G0 phase
	Explanation Why

	B - M phase
	Explanation Why

	C - S phase
	Explanation Why

	D - G2 phase
	Explanation Why

	E - G1 phase
	Explanation Why


	Question # 22
	Hint
	Correct Answer
	A - Inhibition of thrombocyte aggregation
	Explanation Why

	B - Increase in circulating fetal hemoglobin
	Explanation Why

	C - Augmentation of red blood cell production
	Explanation Why

	D - Substitution of cofactors for DNA synthesis
	Explanation Why

	E - Inhibition of stem cell differentiation
	Explanation Why

	F - Restoration of the body's iron stores
	Explanation Why

	G - Prevention of hemoglobin S polymerization
	Explanation Why


	Question # 23
	Hint
	Correct Answer
	A - Activation and consumption of platelets and coagulation factors
	Explanation Why

	B - Endothelial cell dysfunction from bacterial toxin production
	Explanation Why

	C - Absence of protective factors against destruction by complement
	Explanation Why

	D - Formation of IgG antibodies against glycoprotein IIb/IIIa
	Explanation Why

	E - Replacement of a single amino acid in a β-globin chain
	Explanation Why


	Question # 24
	Hint
	Correct Answer
	A - Autosomal recessive
	Image
	Explanation Why

	B - X-linked dominant
	Image
	Explanation Why

	C - Autosomal dominant
	Image
	Explanation Why

	D - Mitochondrial inheritance
	Image
	Explanation Why

	E - X-linked recessive
	Image
	Explanation Why


	Question # 25
	Hint
	Correct Answer
	A - Inhibition of vitamin K epoxide reductase
	Explanation Why

	B - Inhibition of cyclooxygenase
	Explanation Why

	C - Inhibition of adenosine diphosphate receptors
	Explanation Why

	D - Activation of plasminogen
	Explanation Why

	E - Activation of antithrombin III
	Explanation Why


	Question # 26
	Hint
	Correct Answer
	A - Induction of conformational change in antithrombin III
	Explanation Why

	B - Activation of plasminogen conversion to plasmin
	Explanation Why

	C - Inhibition of thrombocyte phosphodiesterase III
	Explanation Why

	D - Irreversible inhibition of GPIIb/IIIa complex
	Explanation Why

	E - Direct inhibition of factor Xa
	Explanation Why

	F - Reduced activation of clotting factors II, VII, IX, and X
	Explanation Why

	G - Direct inhibition of thrombin
	Explanation Why


	Question # 27
	Hint
	Correct Answer
	A - Deficiency of vitamin K
	Explanation Why

	B - Decreased synthesis of antithrombin III
	Explanation Why

	C - Antibodies against platelet factor 4
	Explanation Why

	D - Increased levels of protein S
	Explanation Why

	E - Reduced levels of protein C
	Explanation Why


	Question # 28
	Hint
	Correct Answer
	A - Antiphospholipid antibodies
	Explanation Why

	B - Protein S deficiency
	Explanation Why

	C - Loss of plasma antithrombin in urine
	Explanation Why

	D - Elevated coagulation factor VIII levels
	Image
	Explanation Why

	E - Elevated levels of homocysteine
	Explanation Why

	F - Mutation of prothrombin
	Explanation Why

	G - Mutation of coagulation factor V
	Explanation Why

	H - Antithrombin III deficiency
	Explanation Why

	I - Deficiency of protein C
	Explanation Why


	Question # 29
	Hint
	Correct Answer
	A - Seizures
	Explanation Why

	B - Radiolucent gallstones
	Explanation Why

	C - Acrocyanosis
	Explanation Why

	D - Venous thrombosis
	Explanation Why

	E - Hepatocellular carcinoma
	Explanation Why

	F - Chronic lymphocytic leukemia
	Explanation Why


	Question # 30
	Hint
	Correct Answer
	A - Replacement of glutamate by valine in beta-globin chain
	Image
	Explanation Why

	B - Decreased conversion of oxidized glutathione into its reduced form
	Explanation Why

	C - Replacement of glutamate by lysine in beta-globin chain
	Explanation Why

	D - Reduced production of beta-globin due to a mutation in the HbB gene
	Explanation Why

	E - Acquired mutation of membrane-bound glycosylphosphatidylinositol anchor
	Explanation Why

	F - Inherited defects in spectrin and ankyrin RBC membrane proteins
	Image
	Explanation Why


	Question # 31
	Hint
	Correct Answer
	A - Protein S
	Explanation Why

	B - Tissue plasminogen activator
	Explanation Why

	C - Von Willebrand factor
	Image
	Explanation Why

	D - Gamma-glutamyl carboxylase
	Image
	Explanation But
	Explanation Why

	E - Prolyl hydroxylase
	Explanation Why

	F - Factor VIII
	Image
	Explanation Why


	Question # 32
	Hint
	Correct Answer
	A - Disseminated intravascular coagulation
	Explanation Why

	B - Immune thrombocytopenic purpura
	Explanation Why

	C - Severe hepatic dysfunction
	Explanation Why

	D - Thrombotic thrombocytopenic purpura
	Explanation Why

	E - Hemolytic uremic syndrome
	Explanation Why


	Question # 33
	Hint
	Correct Answer
	A - Aminolevulinate dehydratase
	Explanation Why

	B - Aminolevulinate acid synthase
	Image
	Explanation Why

	C - Ferrochelatase
	Explanation Why

	D - Porphobilinogen deaminase
	Explanation Why

	E - Uroporphyrinogen decarboxylase
	Image
	Explanation Why


	Question # 34
	Hint
	Correct Answer
	A - Decreased serum 2,3-bisphosphoglycerate concentration
	Explanation Why

	B - Increased serum pH
	Explanation Why

	C - Increased hemoglobin γ-chain synthesis
	Explanation Why

	D - Increased body temperature
	Image
	Explanation Why

	E - Decreased serum pCO2
	Explanation Why


	Question # 35
	Hint
	Correct Answer
	A - Myeloperoxidase
	Image
	Explanation Why

	B - Tartrate resistant acid phosphatase
	Image
	Explanation Why

	C - Periodic acid-Schiff
	Explanation Why

	D - Cluster of differentiation 1a
	Explanation Why

	E - Terminal deoxynucleotidyl transferase
	Image
	Explanation Why


	Question # 36
	Hint
	Correct Answer
	A - Polycythemia vera
	Explanation Why

	B - Chronic obstructive pulmonary disease
	Explanation Why

	C - Excessive diuretic use
	Explanation Why

	D - Chronic myelogenous leukemia
	Explanation Why

	E - Hepatocellular carcinoma
	Explanation Why


	Question # 37
	Hint
	Correct Answer
	A - A
	Image
	Explanation Why

	B - B
	Explanation Why

	C - C
	Explanation Why

	D - D
	Image
	Explanation Why

	E - E
	Explanation Why


	Question # 38
	Hint
	Correct Answer
	A - Increased pyridoxine concentration
	Explanation Why

	B - Increased fibrinogen concentration
	Explanation Why

	C - Decreased cobalamin concentration
	Explanation Why

	D - Decreased protein C concentration
	Explanation Why

	E - Decreased folate concentration
	Explanation But
	Explanation Why


	Question # 39
	Hint
	Correct Answer
	A - Receptor tyrosine kinase
	Explanation Why

	B - Cytokine receptor
	Explanation Why

	C - Transcription factor
	Explanation Why

	D - Antiapoptotic molecule
	Explanation Why

	E - Nonreceptor tyrosine kinase
	Explanation But
	Explanation Why

	F - Serine/threonine kinase
	Explanation Why


	Question # 40
	Hint
	Correct Answer
	A - Absence of preformed IgM antibodies in the grandfather
	Explanation Why

	B - Presence of activated neutrophils in the grandson
	Explanation Why

	C - Absence of circulating immune complexes in the grandfather
	Explanation Why

	D - Presence of preformed IgE antibodies in the grandson
	Explanation Why

	E - Presence of preformed anti-Rh IgG antibodies in the grandson
	Explanation Why

	F - Absence of pre-sensitized cytotoxic T lymphocytes in the grandfather
	Explanation Why


	Question # 1
	Hint
	Correct Answer
	A - Decreased platelet count
	Explanation Why

	B - Increased factor VII activity
	Explanation Why

	C - Increased factor VIII activity
	Image
	Explanation Why

	D - Decreased plasmin activity
	Explanation Why

	E - Decreased antithrombin III activity
	Explanation Why


	Question # 2
	Hint
	Correct Answer
	A - Deep inguinal
	Explanation Why

	B - Superficial inguinal
	Image
	Explanation Why

	C - External iliac
	Explanation Why

	D - Popliteal
	Image
	Explanation Why

	E - Internal iliac
	Image
	Explanation Why

	F - Anterior tibial
	Explanation Why


	Question # 3
	Hint
	Correct Answer
	A - Bacteremia
	Explanation Why

	B - IgA Immune complex-mediated vasculitis
	Explanation Why

	C - Microthrombi formation
	Image
	Explanation Why

	D - Deficiency of ADAMTS13
	Explanation Why

	E - Infection with an RNA picornavirus
	Explanation But
	Explanation Why


	Question # 4
	Hint
	Correct Answer
	A - Hepatotropic viral infection
	Explanation Why

	B - Hepatic vein obstruction
	Explanation Why

	C - Thickened pericaridium
	Explanation Why

	D - Increased iron absorption
	Explanation Why

	E - Hepatic steatosis
	Explanation Why


	Question # 5
	Hint
	Correct Answer
	A - A
	Explanation Why

	B - B
	Explanation Why

	C - C
	Explanation Why

	D - D
	Explanation Why

	E - E
	Explanation Why


	Question # 6
	Hint
	Correct Answer
	A - Transfer RNA
	Explanation Why

	B - MicroRNA
	Explanation Why

	C - TATA-rich nucleotide sequence
	Explanation Why

	D - Heat shock protein 60
	Explanation Why

	E - H1 histone protein
	Explanation Why

	F - Small nuclear ribonucleoprotein
	Explanation Why


	Question # 7
	Hint
	Correct Answer
	A - Congenital hypothyroidism
	Explanation Why

	B - Rhesus incompatibility
	Explanation Why

	C - Dubin-Johnson syndrome
	Explanation Why

	D - Physiological neonatal jaundice
	Explanation Why

	E - Breastfeeding jaundice
	Explanation But
	Explanation Why

	F - Biliary atresia
	Explanation Why

	G - ABO hemolytic disease of the newborn
	Explanation Why


	Question # 8
	Hint
	Correct Answer
	A - Erythroid hyperplasia
	Explanation Why

	B - Ringed sideroblasts
	Explanation Why

	C - Absence of hematopoietic cells
	Explanation Why

	D - Megakaryocyte hyperplasia
	Explanation Why

	E - Plasma cell hyperplasia
	Explanation Why


	Question # 9
	Hint
	Correct Answer
	A - Low unconjugated bilirubin
	Explanation Why

	B - Elevated lactate dehydrogenase
	Explanation Why

	C - Low ferritin
	Explanation Why

	D - Low platelets
	Explanation Why

	E - Elevated haptoglobin
	Explanation Why


	Question # 10
	Hint
	Correct Answer
	A - Cholecystectomy
	Explanation Why

	B - Pneumococcal vaccine and antibiotic prophylaxis
	Explanation Why

	C - Red blood cell transfusions
	Explanation Why

	D - Gluten-free diet
	Explanation Why

	E - Vitamin B12 injections
	Explanation Why

	F - Folic acid supplementation
	Explanation But
	Explanation Why


	Question # 11
	Hint
	Correct Answer
	A - Von Willebrand disease
	Explanation Why

	B - Glanzmann thrombasthenia
	Explanation Why

	C - Hemophilia
	Explanation But
	Explanation Why

	D - Disseminated intravascular coagulation
	Explanation Why

	E - Immune thrombocytopenia
	Explanation Why

	F - Bernard-Soulier syndrome
	Explanation Why


	Question # 12
	Hint
	Correct Answer
	A - Protamine sulfate
	Explanation Why

	B - Vitamin K
	Image
	Explanation Why

	C - Plasmin
	Explanation Why

	D - Desmopressin
	Explanation Why

	E - Aminocaproic acid
	Image
	Explanation Why


	Question # 13
	Hint
	Correct Answer
	A - Elevated antinuclear antibody levels
	Image
	Explanation Why

	B - Decreased platelet count
	Image
	Explanation Why

	C - Prolonged prothrombin time
	Explanation Why

	D - Elevated erythrocyte sedimentation rate
	Explanation Why

	E - Prolonged partial thromboplastin time
	Image
	Explanation But
	Explanation Why

	F - Synovial fluid leukocytosis
	Explanation Why


	Question # 14
	Hint
	Correct Answer
	A - Increased hemoglobin S
	Explanation But
	Explanation Why

	B - Decreased spectrin in the RBC membrane
	Explanation But
	Explanation Why

	C - Deficient glucose-6 phosphate dehydrogenase
	Explanation Why

	D - Decreased synthesis of alpha chains of hemoglobin
	Explanation Why

	E - Decreased CD55 and CD59 in RBC
	Explanation Why

	F - Thrombotic microangiopathy
	Explanation Why

	G - Deficiency of pyruvate kinase
	Explanation Why


	Question # 15
	Hint
	Correct Answer
	A - Hodgkin lymphoma
	Image
	Explanation But
	Explanation Why

	B - Follicular lymphoma
	Image
	Explanation Why

	C - Diffuse large B-cell lymphoma
	Image
	Explanation Why

	D - Burkitt lymphoma
	Image
	Explanation Why

	E - Marginal zone lymphoma
	Explanation Why

	F - Mantle cell lymphoma
	Image
	Explanation Why


	Question # 16
	Hint
	Correct Answer
	A - Translocation of c-myc gene
	Explanation Why

	B - Inherited defect in erythrocyte membrane ankyrin protein
	Explanation Why

	C - Defective X-linked ALA synthase gene
	Explanation Why

	D - Inherited mutation affecting ribosome synthesis
	Explanation Why

	E - Glutamic acid substitution in the β-globin chain
	Explanation Why


	Question # 17
	Hint
	Correct Answer
	A - Overexpression of the c-KIT gene
	Explanation Why

	B - Cytokine-independent activation of the JAK-STAT pathway
	Explanation Why

	C - Loss of function of the APC gene
	Explanation Why

	D - Altered expression of the retinoic acid receptor gene
	Explanation Why

	E - Unregulated expression of the ABL1 gene
	Image
	Explanation But
	Explanation Why


	Question # 18
	Hint
	Correct Answer
	A - Primary syphilis
	Image
	Explanation Why

	B - Chronic kidney disease
	Image
	Explanation Why

	C - Megaloblastic anemia
	Image
	Explanation Why

	D - Iron intoxication
	Image
	Explanation Why

	E - Polycythemia vera
	Explanation Why

	F - Paroxysmal nocturnal hemoglobinuria
	Image
	Explanation Why


	Question # 19
	Hint
	Correct Answer
	A - Von Willebrand disease
	Explanation Why

	B - Vitamin K deficiency
	Explanation Why

	C - Protein C deficiency
	Explanation Why

	D - Thrombotic thrombocytopenic purpura
	Explanation Why

	E - Glanzmann thrombasthenia
	Explanation But
	Explanation Why


	Question # 20
	Hint
	Correct Answer
	A - Recurrent infections with Neisseria gonorrhoeae
	Explanation Why

	B - Skeletal deformities
	Image
	Explanation Why

	C - Malaria
	Image
	Explanation Why

	D - Acute myelogenous leukemia
	Explanation But
	Explanation Why

	E - Cholecystitis
	Image
	Explanation But
	Explanation Why

	F - Renal papillary necrosis
	Image
	Explanation Why

	G - Esophageal webs
	Image
	Explanation Why

	H - Splenic sequestration crisis
	Explanation Why

	I - Osteomyelitis
	Explanation Why


	Question # 21
	Hint
	Correct Answer
	A - Competitive binding to heme
	Explanation Why

	B - Rise in serum pH
	Explanation Why

	C - Oxidation of Fe2+
	Explanation Why

	D - Degradation of 2,3-bisphosphoglycerate
	Explanation Why

	E - Inhibition of mitochondrial complex V
	Explanation Why


	Question # 22
	Hint
	Correct Answer
	A - Erythrocytes with irregular, thorny projections
	Image
	Explanation Why

	B - Elongated, tear-drop shaped erythrocytes
	Image
	Explanation Why

	C - Crescent-shaped, fragmented erythrocytes
	Image
	Explanation Why

	D - Grouped erythrocytes with a stacked-coin appearance
	Image
	Explanation Why

	E - Erythrocytes with a bullseye appearance
	Image
	Explanation Why

	F - Erythrocytes with cytoplasmic hemoglobin inclusions
	Image
	Explanation Why


	Question # 23
	Hint
	Correct Answer
	A - Increased platelet count
	Explanation Why

	B - Increased antithrombin concentration
	Explanation Why

	C - Decreased prothrombin time
	Explanation Why

	D - Increased factor V concentration
	Explanation Why

	E - Decreased partial thromboplastin time
	Explanation Why

	F - Decreased fibrinogen concentration
	Explanation Why


	Question # 24
	Hint
	Correct Answer
	A - Platelet adhesion
	Image
	Explanation Why

	B - Platelet aggregation
	Explanation Why

	C - Local vasoconstriction
	Explanation Why

	D - Clotting factor activation
	Explanation Why

	E - Platelet activation
	Explanation Why


	Question # 25
	Hint
	Correct Answer
	A - A
	Explanation Why

	B - B
	Explanation Why

	C - C
	Explanation But
	Explanation Why

	D - D
	Explanation Why

	E - E
	Explanation Why


	Question # 26
	Hint
	Correct Answer
	A - Reduction of ferric iron
	Explanation Why

	B - Synthesis of 2,3-bisphosphoglycerate
	Explanation Why

	C - Formation of methemoglobin
	Explanation Why

	D - Dissociation of carboxyhemoglobin
	Explanation Why

	E - Inhibition of cytochrome c oxidase
	Explanation Why


	Question # 27
	Hint
	Correct Answer
	A - Aminolevulinate dehydratase
	Explanation Why

	B - Bilirubin UDP-glucuronosyltransferase
	Explanation Why

	C - Porphobilinogen deaminase
	Explanation Why

	D - Heme oxygenase
	Image
	Explanation Why

	E - Uroporphyrinogen decarboxylase
	Explanation Why


	Question # 28
	Hint
	Correct Answer
	A - Acute kidney injury
	Explanation Why

	B - Calcium chelation
	Explanation Why

	C - Hypoalbuminemia
	Explanation Why

	D - Intravascular hemolysis
	Explanation But
	Explanation Why

	E - Parathyroid ischemia
	Explanation Why

	F - Metabolic acidosis
	Explanation Why


	Question # 29
	Hint
	Correct Answer
	A - Leukemoid reaction
	Explanation Why

	B - Acute lymphoblastic leukemia
	Image
	Explanation Why

	C - Chronic lymphocytic leukemia
	Image
	Explanation Why

	D - Polycythemia vera
	Explanation Why

	E - Essential thrombocythemia
	Explanation Why

	F - Chronic myeloid leukemia
	Image
	Explanation Why

	G - Acute promyelocytic leukemia
	Image
	Explanation Why


	Question # 30
	Hint
	Correct Answer
	A - Hodgkin lymphoma
	Image
	Explanation Why

	B - Hairy cell leukemia
	Image
	Explanation Why

	C - Acute myelomonocytic leukemia
	Explanation Why

	D - Pre-B-cell acute lymphoblastic leukemia
	Image
	Explanation Why

	E - Acute megakaryoblastic leukemia
	Explanation Why

	F - T-cell chronic lymphocytic leukemia
	Explanation Why


	Question # 31
	Hint
	Correct Answer
	A - Ribosomal RNA
	Explanation Why

	B - Denatured globin chains
	Explanation Why

	C - Golgi apparatus
	Explanation Why

	D - Remnants of the nucleus
	Explanation Why

	E - Lysosomes
	Explanation Why

	F - Mitochondria
	Explanation Why


	Question # 32
	Hint
	Correct Answer
	A - Haptoglobin concentration
	Explanation Why

	B - Transferrin concentration
	Explanation Why

	C - Homocysteine concentration
	Explanation Why

	D - Reticulocyte count
	Explanation Why

	E - Erythropoietin concentration
	Explanation Why

	F - Lactate dehydrogenase concentration
	Explanation Why


	Question # 33
	Hint
	Correct Answer
	A - Cold agglutinins
	Image
	Explanation Why

	B - Polyomavirus infection
	Explanation Why

	C - FANCA mutation
	Explanation Why

	D - HbF persistence
	Explanation Why

	E - Thymic tumor
	Image
	Explanation But
	Explanation Why

	F - Lead poisoning
	Image
	Explanation Why


	Question # 34
	Hint
	Correct Answer
	A - Trypanosoma cruzi
	Image
	Explanation Why

	B - Plasmodium ovale
	Image
	Explanation Why

	C - Plasmodium falciparum
	Image
	Explanation Why

	D - Babesia microti
	Image
	Explanation Why

	E - Dengue virus
	Explanation Why

	F - Plasmodium malariae
	Image
	Explanation Why

	G - Chikungunya virus
	Explanation Why

	H - Trypanosoma brucei
	Image
	Explanation Why

	I - Leishmania donovani
	Image
	Explanation Why


	Question # 35
	Hint
	Correct Answer
	A - t(8;14) translocation
	Explanation Why

	B - Smudge cells
	Explanation Why

	C - Positive myeloperoxidase staining
	Explanation Why

	D - t(9;22) translocation
	Image
	Explanation Why

	E - Reed-Sternberg cells
	Image
	Explanation Why

	F - Positive CD3/CD7 staining
	Explanation Why


	Question # 36
	Hint
	Correct Answer
	A - Proguanil
	Explanation Why

	B - Primaquine
	Explanation Why

	C - Mebendazole
	Explanation Why

	D - Chloroquine
	Explanation Why

	E - Atovaquone
	Explanation Why

	F - Dapsone
	Explanation Why

	G - Artesunate
	Explanation Why


	Question # 37
	Hint
	Correct Answer
	A - Infiltration of collagen and fibrous tissue
	Image
	Explanation Why

	B - Sheets of abnormal plasma cells
	Image
	Explanation Why

	C - Wrinkled cells with a fibrillary cytoplasm
	Image
	Explanation Why

	D - Hyperplasia of adipocytes
	Explanation Why

	E - Increased myeloblast count
	Image
	Explanation Why

	F - Dysplastic bone with ringed sideroblasts
	Image
	Explanation Why


	Question # 38
	Hint
	Correct Answer
	A - Increased concentration of HbA2
	Explanation Why

	B - Dry bone marrow tap
	Explanation Why

	C - Decreased serum haptoglobin concentration
	Explanation Why

	D - Positive stool guaiac test
	Image
	Explanation But
	Explanation Why

	E - Decreased serum vitamin B9 concentration
	Explanation Why

	F - Increased serum methylmalonic acid concentration
	Explanation Why


	Question # 39
	Hint
	Correct Answer
	A - Activation of transcription
	Image
	Explanation Why

	B - Defect in DNA repair
	Explanation Why

	C - Impairment of receptor function
	Explanation Why

	D - Inhibition of apoptosis
	Explanation Why

	E - Inhibition of cell cycle arrest
	Explanation Why

	F - Integration of viral DNA
	Explanation Why


	Question # 40
	Hint
	Correct Answer
	A - Aplastic anemia
	Explanation Why

	B - Multiple myeloma
	Explanation Why

	C - Primary myelofibrosis
	Explanation Why

	D - Idiopathic thrombocytopenic purpura
	Explanation Why

	E - Acute lymphoblastic leukemia
	Explanation Why


	Question # 1
	Hint
	Correct Answer
	A - Aldesleukin
	Explanation Why

	B - Interferon beta
	Explanation Why

	C - Filgrastim
	Image
	Explanation Why

	D - Romiplostim
	Explanation Why

	E - Sargramostim
	Explanation Why

	F - Epoetin alfa
	Explanation Why


	Question # 2
	Hint
	Correct Answer
	A - EGFR-positive non-small cell lung cancer
	Explanation Why

	B - Acute promyelocytic leukemia
	Explanation But
	Explanation Why

	C - BRAF-positive metastatic melanoma
	Explanation Why

	D - HER2-positive gastric cancer
	Explanation Why

	E - Choriocarcinoma
	Explanation Why


	Question # 3
	Hint
	Correct Answer
	A - Myocardial infarction
	Explanation Why

	B - Reye syndrome
	Explanation Why

	C - Sulfa drug allergy
	Explanation Why

	D - Glanzmann thrombasthenia
	Explanation Why

	E - Gout
	Explanation Why


	Question # 4
	Hint
	Correct Answer
	A - Formation of thrombin
	Explanation Why

	B - Degradation of fibrin
	Image
	Explanation Why

	C - Conversion of factor X
	Image
	Explanation But
	Explanation Why

	D - Production of von Willebrand factor
	Image
	Explanation Why

	E - Activation of factor VII
	Image
	Explanation Why


	Question # 5
	Hint
	Correct Answer
	A - Factor VIII
	Explanation But
	Explanation Why

	B - Von Willebrand factor
	Explanation Why

	C - Factor XI
	Explanation Why

	D - Protein C
	Explanation Why

	E - Vitamin K
	Explanation Why

	F - Factor IX
	Explanation Why


	Question # 6
	Hint
	Correct Answer
	A - Factor VIII deficiency
	Explanation Why

	B - Vitamin K deficiency
	Explanation Why

	C - Agranulocytosis
	Explanation Why

	D - Anemia of chronic disease
	Explanation Why

	E - Immune thrombocytopenic purpura
	Explanation Why


	Question # 7
	Hint
	Correct Answer
	A - Protamine sulfate
	Explanation Why

	B - Prothrombin complex concentrate
	Explanation Why

	C - Vitamin K
	Image
	Explanation Why

	D - Alteplase
	Image
	Explanation Why

	E - Fresh frozen plasma
	Explanation Why


	Question # 8
	Hint
	Correct Answer
	A - α-ketoglutarate dehydrogenase
	Explanation But
	Explanation Why

	B - Pyruvate kinase
	Explanation Why

	C - Glucose-6-phosphate dehydrogenase
	Explanation Why

	D - Glutathione reductase
	Explanation Why

	E - Lactic acid dehydrogenase
	Explanation Why

	F - Carbonic anhydrase
	Explanation Why


	Question # 9
	Hint
	Correct Answer
	A - Gastrointestinal bleeding
	Explanation Why

	B - Autoimmune destruction of erythrocytes
	Explanation Why

	C - Erythrocyte membrane fragility
	Explanation Why

	D - Fragmentation of erythrocytes
	Image
	Explanation But
	Explanation Why

	E - Erythrocyte enzyme defect
	Explanation Why


	Question # 10
	Hint
	Correct Answer
	A - A
	Explanation Why

	B - B
	Explanation Why

	C - C
	Explanation Why

	D - D
	Explanation Why

	E - E
	Explanation Why

	F - F
	Explanation Why


	Question # 11
	Hint
	Correct Answer
	A - Adult T-cell lymphoma
	Explanation Why

	B - Mantle cell lymphoma
	Image
	Explanation Why

	C - Burkitt lymphoma
	Image
	Explanation Why

	D - Hairy cell leukemia
	Image
	Explanation Why

	E - Follicular lymphoma
	Image
	Explanation Why

	F - Diffuse large B-cell lymphoma
	Image
	Explanation But
	Explanation Why

	G - Hodgkin lymphoma
	Image
	Explanation Why


	Question # 12
	Hint
	Correct Answer
	A - Temperature of 39.1°C (102.4°F)
	Explanation Why

	B - Increased serum 2,3-bisphosphoglycerate concentration
	Explanation Why

	C - Sickled red blood cells
	Explanation Why

	D - Neutrophilia
	Explanation Why

	E - Serum pH of 7.1
	Explanation Why

	F - Secondary polycythemia
	Image
	Explanation Why


	Question # 13
	Hint
	Correct Answer
	A - Aplastic anemia
	Explanation Why

	B - Leukemoid reaction
	Explanation Why

	C - Hairy cell leukemia
	Explanation Why

	D - Idiopathic thrombocytopenic purpura
	Explanation Why

	E - Acute myeloid leukemia
	Explanation Why

	F - Acute lymphoblastic leukemia
	Explanation Why

	G - Hodgkin lymphoma
	Explanation But
	Explanation Why


	Question # 14
	Hint
	Correct Answer
	A - Myelodysplastic syndrome
	Explanation Why

	B - Chronic lymphocytic leukemia
	Image
	Explanation Why

	C - Acute lymphoblastic leukemia
	Image
	Explanation Why

	D - Acute myelogenous leukemia
	Image
	Explanation But
	Explanation Why

	E - Chronic myelogenous leukemia
	Image
	Explanation Why

	F - Hairy cell leukemia
	Image
	Explanation Why


	Question # 15
	Hint
	Correct Answer
	A - Golgi apparatus
	Image
	Explanation Why

	B - Mitochondria
	Image
	Explanation Why

	C - Smooth endoplasmic reticulum
	Image
	Explanation Why

	D - Nucleus
	Image
	Explanation Why

	E - Lysosomes
	Image
	Explanation Why

	F - Peroxisomes
	Image
	Explanation Why


	Question # 16
	Hint
	Correct Answer
	A - HbC only
	Explanation Why

	B - HbA and HbC
	Explanation Why

	C - HbA and HbS
	Explanation Why

	D - HbS only
	Explanation Why

	E - HbA and HbF
	Explanation Why

	F - HbA only
	Explanation Why

	G - HbS and HbC
	Explanation Why


	Question # 17
	Hint
	Correct Answer
	A - Ringed sideroblasts
	Image
	Explanation Why

	B - Teardrop cells
	Image
	Explanation Why

	C - Smudge cells
	Image
	Explanation Why

	D - Rouleaux formation
	Image
	Explanation Why

	E - Reed-Sternberg cells
	Image
	Explanation Why

	F - Polycythemia
	Explanation Why

	G - Hypergammaglobulinemia
	Explanation Why


	Question # 18
	Hint
	Correct Answer
	A - Hodgkin lymphoma
	Image
	Explanation But
	Explanation Why

	B - Diffuse large B-cell lymphoma
	Explanation Why

	C - Mycobacterial infection
	Explanation Why

	D - Adult T-cell lymphoma
	Explanation Why

	E - Acute lymphocytic leukemia
	Explanation Why

	F - Acute retroviral syndrome
	Explanation Why


	Question # 19
	Hint
	Correct Answer
	A - Epithelial cells
	Image
	Explanation Why

	B - B lymphocytes
	Explanation Why

	C - T lymphocytes
	Image
	Explanation Why

	D - Erythroid progenitor cells
	Image
	Explanation Why

	E - Sensory neuronal cells
	Explanation Why

	F - Monocytes
	Explanation Why


	Question # 20
	Hint
	Correct Answer
	A - Polyclonal proliferation of lymphocytes with a single nucleus
	Explanation Why

	B - Abundant lymphocytes in a wide range of sizes and shapes in medullary cords
	Explanation Why

	C - Preponderance of lymphocytes with a single immunoglobulin variable domain allele
	Explanation Why

	D - Positive staining of the paracortex for cluster of differentiation 8
	Image
	Explanation Why

	E - Diffuse mitotic activity in secondary follicles
	Image
	Explanation Why

	F - Predominance of histiocytes in the medullary sinuses
	Explanation Why


	Question # 21
	Hint
	Correct Answer
	A - Hereditary spherocytosis
	Explanation Why

	B - G6PD deficiency
	Explanation Why

	C - Aplastic anemia
	Explanation Why

	D - Lead poisoning
	Explanation Why

	E - Multiple myeloma
	Image
	Explanation Why

	F - Beta-thalassemia
	Image
	Explanation But
	Explanation Why


	Question # 22
	Hint
	Correct Answer
	A - Beta thalassemia minor
	Explanation Why

	B - Hemoglobin Barts disease
	Explanation Why

	C - Alpha thalassemia minima
	Explanation Why

	D - Hemoglobin H disease
	Explanation Why

	E - Sickle cell trait
	Explanation Why


	Question # 23
	Hint
	Correct Answer
	A - Doxycycline
	Explanation Why

	B - Primaquine
	Explanation Why

	C - Mefloquine
	Image
	Explanation Why

	D - Chloroquine
	Explanation Why

	E - Proguanil
	Explanation Why


	Question # 24
	Hint
	Correct Answer
	A - Parvovirus B19
	Explanation Why

	B - Medication-induced hemolysis
	Explanation Why

	C - Defect in erythrocyte membrane proteins
	Explanation But
	Explanation Why

	D - Splenic vaso-occlusion
	Explanation Why

	E - Hemolytic crisis
	Explanation Why


	Question # 25
	Hint
	Correct Answer
	A - Excessive intake of calcium
	Explanation Why

	B - Overproliferation of plasma cells
	Explanation Why

	C - Ectopic release of PTHrP
	Explanation Why

	D - Decreased renal excretion of calcium
	Explanation Why

	E - Increased production of calcitriol
	Explanation Why

	F - Excess PTH secretion from parathyroid glands
	Explanation Why


	Question # 26
	Hint
	Correct Answer
	A - A
	Image
	Explanation Why

	B - B
	Explanation Why

	C - C
	Explanation Why

	D - D
	Explanation Why

	E - E
	Explanation Why


	Question # 27
	Hint
	Correct Answer
	A - Alteplase
	Explanation Why

	B - Dabigatran
	Explanation Why

	C - Aspirin
	Explanation Why

	D - Unfractionated heparin
	Explanation Why

	E - Apixaban
	Explanation Why

	F - Warfarin
	Explanation Why

	G - Ticagrelor
	Explanation Why

	H - Low molecular weight heparin
	Explanation Why


	Question # 28
	Hint
	Correct Answer
	A - Petechiae
	Explanation Why

	B - Cerebral vein thrombosis
	Explanation Why

	C - Hemarthrosis
	Explanation Why

	D - Iron deficiency
	Explanation Why

	E - Ischemic stroke
	Image
	Explanation Why


	Question # 29
	Hint
	Correct Answer
	A - Inhibit the absorption of vitamin K
	Explanation Why

	B - Activate gamma-glutamyl carboxylase
	Explanation But
	Explanation Why

	C - Activate factor VII calcium-binding sites
	Explanation Why

	D - Inhibit the reduction of vitamin K
	Explanation Why

	E - Inhibit the phosphorylation of glutamate on the factor II precursor
	Explanation Why

	F - Activate vitamin K epoxide reductase
	Explanation Why


	Question # 30
	Hint
	Correct Answer
	A - Decrease in the reduced form of glutathione
	Explanation Why

	B - Maternal antibodies against the rhesus D antigen
	Explanation Why

	C - Point mutation in β-globin
	Explanation Why

	D - Deficiency of ATP
	Image
	Explanation Why

	E - Osmotically fragile erythrocytes
	Explanation Why


	Question # 31
	Hint
	Correct Answer
	A - Passive venous congestion
	Explanation Why

	B - Neoplastic infiltration
	Explanation Why

	C - Reticuloendothelial hyperplasia
	Explanation Why

	D - Metabolite accumulation
	Explanation Why

	E - Work hypertrophy
	Explanation Why

	F - Extramedullary hematopoiesis
	Explanation Why


	Question # 32
	Hint
	Correct Answer
	A - Pyruvate carboxylase
	Explanation Why

	B - Carbamoyl phosphate synthetase I
	Explanation Why

	C - Enolase
	Explanation Why

	D - Glucose-6-phosphatase
	Explanation Why

	E - Transaldolase
	Explanation Why


	Question # 33
	Hint
	Correct Answer
	A - Lower chloride concentration
	Image
	Explanation Why

	B - Lower NADP/NADPH ratio
	Explanation Why

	C - Higher ADP/ATP ratio
	Explanation Why

	D - Higher carbaminohemoglobin concentration
	Explanation Why

	E - Lower potassium concentration
	Explanation Why

	F - Higher 2,3-bisphosphoglycerate concentration
	Explanation Why


	Question # 34
	Hint
	Correct Answer
	A - Coagulase-positive, gram-positive cocci forming mauve-colored colonies on methicillin-containing agar
	Explanation Why

	B - Encapsulated, gram-negative coccobacilli forming grey-colored colonies on charcoal blood agar
	Explanation Why

	C - Spore-forming, gram-positive bacilli forming yellow colonies on casein agar
	Explanation Why

	D - Lactose-fermenting, gram-negative rods forming pink colonies on MacConkey agar
	Explanation Why

	E - Gamma-hemolytic, gram-positive cocci forming green colonies on vancomycin agar
	Explanation Why


	Question # 35
	Hint
	Correct Answer
	A - Surreptitious phlebotomy
	Explanation Why

	B - Lead poisoning
	Explanation Why

	C - Hereditary spherocytosis
	Explanation Why

	D - Vitamin B12 deficiency
	Explanation Why

	E - Pyruvate kinase deficiency
	Explanation Why

	F - Iron deficiency
	Explanation Why

	G - β-thalassemia minor
	Explanation Why


	Question # 36
	Hint
	Correct Answer
	A - Impaired production of secretory immunoglobulins
	Explanation Why

	B - Defective interleukin-2 receptor gamma chain
	Explanation Why

	C - Absence of neutrophilic reactive oxygen species
	Explanation Why

	D - Dysfunction of phagosome-lysosome fusion
	Explanation Why

	E - Absence of mature circulating B cells
	Explanation Why

	F - Impaired development of the third and fourth pharyngeal pouches
	Explanation Why


	Question # 37
	Hint
	Correct Answer
	A - A
	Explanation Why

	B - B
	Explanation Why

	C - C
	Explanation Why

	D - D
	Explanation Why

	E - E
	Explanation Why


	Question # 38
	Hint
	Correct Answer
	A - Anti-factor Xa activity
	Explanation Why

	B - Thrombin time
	Explanation Why

	C - Activated partial thromboplastin time
	Explanation Why

	D - D-dimer
	Explanation Why

	E - Prothrombin time
	Explanation Why


	Question # 39
	Hint
	Correct Answer
	A - Acute metabolic encephalopathy
	Explanation Why

	B - Internal carotid artery dissection
	Explanation Why

	C - Idiopathic intracranial hypertension
	Explanation Why

	D - Drug-induced hypotension
	Explanation Why

	E - Embolic cerebrovascular accident
	Explanation Why

	F - Intracerebral hemorrhage
	Image
	Explanation Why


	Question # 40
	Hint
	Correct Answer
	A - Acquired PIGA gene mutation
	Explanation Why

	B - Hereditary spectrin defect
	Explanation Why

	C - Bicuspid aortic valve
	Explanation Why

	D - Epstein-Barr virus infection
	Explanation Why

	E - Mycoplasma pneumoniae infection
	Explanation Why

	F - Systemic lupus erythematosus
	Image
	Explanation Why


	Question # 1
	Hint
	Correct Answer
	A - Necrosis of the renal papillae
	Explanation But
	Explanation Why

	B - Pigment stones in the biliary tract
	Explanation Why

	C - Vaso-occlusion of the pulmonary vasculature
	Explanation Why

	D - Autoinfarction of the spleen
	Explanation Why

	E - Sickling in the cerebral vessels
	Explanation Why

	F - Transient arrest of erythropoiesis
	Explanation Why


	Question # 2
	Hint
	Correct Answer
	A - Elevated haptoglobin
	Explanation Why

	B - Urinary red blood cell casts
	Explanation Why

	C - Elevated platelet count
	Explanation Why

	D - Prolonged partial thromboplastin time
	Explanation Why

	E - Fragmented erythrocytes
	Image
	Explanation But
	Explanation Why


	Question # 3
	Hint
	Correct Answer
	A - Tendinous xanthomas
	Explanation Why

	B - Acute pancreatitis
	Explanation Why

	C - Myocardial infarction
	Explanation Why

	D - Corneal arci
	Image
	Explanation Why

	E - Cholesterol embolization syndrome
	Explanation Why

	F - Cerebrovascular accident
	Explanation Why


	Question # 4
	Hint
	Correct Answer
	A - Decline in circulating antibodies
	Explanation Why

	B - Reinfection by Anopheles mosquito
	Explanation Why

	C - Natural drug resistance
	Explanation Why

	D - Reactivation of dormant liver stage
	Explanation But
	Explanation Why

	E - Dissemination within macrophages
	Explanation Why


	Question # 5
	Hint
	Correct Answer
	A - Neutrophil
	Explanation Why

	B - Human immunodeficiency virus
	Explanation Why

	C - B lymphocytes
	Explanation Why

	D - Macrophage
	Explanation But
	Explanation Why

	E - Epstein-Barr virus
	Explanation Why

	F - T lymphocyte
	Explanation Why


	Question # 6
	Hint
	Correct Answer
	A - Homogentisic acid dioxygenase
	Explanation Why

	B - Aminolevulinic acid dehydratase
	Explanation Why

	C - Aminolevulinic acid synthase
	Explanation Why

	D - Uroporphyrinogen decarboxylase
	Explanation Why

	E - Ferrochelatase
	Explanation Why

	F - Porphobilinogen deaminase
	Image
	Explanation But
	Explanation Why


	Question # 7
	Hint
	Correct Answer
	A - Glycoprotein Ib deficiency
	Image
	Explanation Why

	B - WASp deficiency
	Explanation Why

	C - Vitamin K deficiency
	Image
	Explanation Why

	D - Factor VIII deficiency
	Image
	Explanation Why

	E - Von Willebrand factor deficiency
	Explanation Why

	F - ADAMTS13 deficiency
	Explanation Why


	Question # 8
	Hint
	Correct Answer
	A - Aminolevulinic acid → porphobilinogen
	Explanation Why

	B - Glycine + succinyl-CoA → aminolevulinic acid
	Image
	Explanation Why

	C - Glucose-6-phosphate → 6-phosphogluconate
	Explanation Why

	D - Porphobilinogen → hydroxymethylbilane
	Explanation Why

	E - Protoporphyrin → heme
	Explanation Why

	F - Uroporphyrinogen III → coproporphyrinogen III
	Explanation Why


	Question # 9
	Hint
	Correct Answer
	A - Cytokine accumulation during blood storage
	Explanation Why

	B - ABO incompatibility
	Explanation Why

	C - Anamnestic antibody response
	Explanation Why

	D - Activation of primed neutrophils
	Explanation Why

	E - Type I hypersensitivity reaction
	Explanation Why

	F - Excessive circulating blood volume
	Explanation Why


	Question # 10
	Hint
	Correct Answer
	A - Alkylating chemotherapeutic agent
	Explanation Why

	B - Transforming growth factor-β
	Explanation Why

	C - Erythropoietin
	Explanation Why

	D - Interleukin-5
	Explanation Why

	E - Granulocyte-macrophage colony-stimulating factor
	Image
	Explanation But
	Explanation Why

	F - Thrombopoietin
	Explanation Why

	G - Interleukin-2
	Explanation Why


	Question # 11
	Hint
	Correct Answer
	A - Small bowel perforation
	Explanation Why

	B - Liver hematoma
	Explanation Why

	C - Pancreatic laceration
	Explanation Why

	D - Splenic rupture
	Explanation Why

	E - Kidney injury
	Explanation Why


	Question # 12
	Hint
	Correct Answer
	A - Antiphospholipid syndrome
	Explanation Why

	B - Essential thrombocythemia
	Image
	Explanation But
	Explanation Why

	C - Primary myelofibrosis
	Image
	Explanation Why

	D - Myelodysplastic syndromes
	Image
	Explanation Why

	E - Polycythemia vera
	Explanation Why

	F - Chronic myeloid leukemia
	Explanation Why

	G - Reactive thrombocytosis
	Explanation Why


	Question # 13
	Hint
	Correct Answer
	A - Direct contact with bodily fluids
	Image
	Explanation Why

	B - Tick bite
	Explanation Why

	C - Inhalation of aerosolized droplets
	Explanation Why

	D - Mosquito bite
	Explanation Why

	E - Ingestion of contaminated water
	Explanation Why


	Question # 14
	Hint
	Correct Answer
	A - Mesoderm
	Image
	Explanation Why

	B - Neural tube
	Explanation Why

	C - Endoderm
	Explanation Why

	D - Surface ectoderm
	Explanation Why

	E - Neural crest
	Explanation Why

	F - Notochord
	Explanation Why



