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What is the MCV in microcytic anemia? MCV <80 

What are the 4 microcytic anemias? 

1) Iron deficiency 
2) Anemia Chronic Dz 

3) Thalassemia 
4) Sideroblastic Anemia 

What is the MCV in macrocytic 
anemia? MCV >100 

What are the two macrocytic anemias? 

think big 
 

1) B12 deficiency 
2) Folate Deficiency 

What is the MCC of folate deficiency? Alcoholic Patient 
alcohol blocks methionine synthase 

What are the normocytic anemias w/ 
low reticulocyte count? 2 

1) Aplastic Anemia 
2) Renal Dz 
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What are the normocytic anemias w/ 
high reticulocyte count? 5 

1) Hemolytic Anemia 
2) Sickle Cell Anemia 

3) Spherocytosis 
4) G6PD deficiency 
5) Microangiopathic 

Thrombocytopenia ITP, TTP, HUS 
 

Platelet Count? 
Bleeding time? 

PT? 
PTT? 

-[Platelet Count] ↓ 
-[Bleeding time] ↑ 

-[PT] Normal 
-[PTT] Normal 

Von Willebrand disease 
 

Platelet Count? 
Bleeding time? 

PT? 
PTT? 

-[Platelet Count] Normal 
-[Bleeding time] ↑ 

-[PT] Normal 
-[PTT] ↑ 

Hemophilia A 
 

Platelet Count? 
Bleeding time? 

PT? 
PTT? 

-[Platelet Count] Normal 
-[Bleeding time] Normal 

-[PT] Normal 
-[PTT] ↑ 

DIC 
 

Platelet Count? 
Bleeding time? 

PT? 
PTT? 

-[Platelet Count] ↓ 
-[Bleeding time] ↑ 

-[PT] ↑ 
-[PTT] ↑ 

Primary fibrinolysis 
 

Platelet Count? 
Bleeding time? 

PT? 
PTT? 

-[Platelet Count] Normal 
-[Bleeding time] ↑ 

-[PT] ↑ 
-[PTT] ↑ 

Aspirin or NSAIDs 
 

Platelet Count? 
Bleeding time? 

PT? 
PTT? 

-[Platelet Count] Normal 
-[Bleeding time] ↑ 

-[PT] Normal 
-[PTT] Normal 



Warfarin or heparin 
 

Platelet Count? 
Bleeding time? 

PT? 
PTT? 

-[Platelet Count] Normal 
-[Bleeding time] Normal 

-[PT] ↑ 
-[PTT] ↑ 

 
What type of cell is this? 

Eosinophil. 

 
What type of cell is this? 

Plasma cell. 

What categories of hematologic 
malignancy arise from the lymphoid 

lineage? 

Lymphomas: HL and NHL 
Lymphocytic leukemias: ALL and CLL 

Tumors of plasma cells: multiple 
myeloma and lymphoplasmacytic 

lymphoma 

What catagories of hematologic 
malignancy arise from the myeloid 

lineage? 

AML 
Myelodysplastic syndromes 
Myeloproliferative disorders: 

polycythemia vera, CML, essential 
thrombocythemia 

Histocytosis 

Describe the mechanism of how septic 
shock can lead to neutropenia. 

Endotoxin can cause mass release of 
TNF alpha. TNF alpha stimulates the 

release of IL-1 from macrophages. IL-1 
and TNF activate neutrophil adhesion 

molecules. 



Which of these cause eosinophilia? 
1) Type 1 hypersensitivity 

2) Pinworm 
3) Strongoloides 

4) Malaria 

1) Yes 
2) No. All helminths, except: 

Whipworm - trichuris trichiura. 
Pinworm - enterobius vermicularis. 

Ascaris lumbricoides. 
Neither of these worms are invasive, 

thus, eosinophil count doesn't not 
raise. 
3) Yes 

4) No protozoa. 

What is a leukamoid reaction? 

A benign, exaggerated leukoctye 
response that may involve neutrophils 
(actue appendicitis), whooping cough 

(lymphocytes) or eosinophils 
(cutaneous larva migrans). 

What is the pathogenesis of a 
leukoerythroblastic reaction? 

 
What is myelophthisic anemia? 

1) Bone marrow infiltration (e.g. cancer, 
fibrosis) cause immature bone marrow 

cells to enter periphery: blasts, 
precursors, progranulocytes, nucleated 

RBCs, tear drop cells. 
 

2) Myelophthisic anemia – anemia that 
arises from a space-occupying lesion 

(SOL) that displaces normal 
hematopoietic elements. 

What is the normal range for the 
absolute neutrophil count? Name some 

benign disorders that can cause an 
increase in the absolute neutrophil 

count. 

1,500-7,000 / microliter. 
 

Infection, sterile inflammation with 
necrosis (MI), drugs. 

Whats the pathogenesis of drugs 
causing neutrophilic leukocytosis? 

Corticosteroids, catecholamines, and 
lithium can all decrease activation of 
neutrophil adhesion molecules (e.g. 

selectins). 

What is the normal range for the 
absolute neutrophil count? Name some 

benign disorders that can cause a 
decrease in the absolute neutrophil 

count. 

1,500-7,000 / microliter. 
 

Aplastic anemia, immune destruction 
(SLE), septic shock (endotoxin 
increased leukocyte adhesion 

molecules), splenic sequestration. 



Explain the defect in these disorders 
and whether they lead to neutrophilia 

or neutropenia? 
1) Chediak-Higashi syndrome 

2) Leukocyte adhesion deficiency 

1) Neutropenia. AR. Failure of 
lysosomes to fuse with phagosomes to 

form phagolysosomes. 
2) Neutrophilia. AR. LAD type 1 is a 

deficiency of CD11a:CD18 (integrin on 
the surface of neutrophils). 

What can cause eosinophilia (count 
over 700 cells/microliters)? 

 
What effect does cortisol have on 

eosinophils? 

Type I hypersensitivity reactions, 
invasive helminthic infection, 

polyarteritis nodosa, hypocortisolism. 
 

Corticosteroids sequester eosinophils 
in lymph nodes. 

How does EBV interact with B cells? 

EBV attaches to CD21 receptors on B 
cells. This causes B-cell proliferation 

and increased synthesis of antibodies. 
EBV also remains dormant in B cells 
which allows for potential recurrent 

infections. 

What test would you use to distinguish 
EBV and CMV as the cause of 

generalized lymphadenopathy in a 
patient? 

A positive heterophil antibody test 
indicates an EBV infection. This test 

detects IgM antibodies against horse, 
sheep and bovine RBCs 

Name some virulence factors of 
Bordetella pertussis. 

Whooping cough: 
Pertussis toxin: exotoxin that binds and 

penetrates cells, then activated 
adenylate cyclase (increase cAMP, 

kinases, etc.) - promotes lymphoctye 
production. 

Filamentous hemagglutinin (FHA): 
binds to ciliated epithelial cells of the 

bronchi. Abs against FHA are 
protective. 

Tracheal cytotoxin: destroys ciliated 
epithelial cells. 

What effect does polyarteritis nodosa 
and Churg-Strauss syndrome have on 

WBC counts? 
Eosinophilia. 



 
What are some common viral infections 
that causes lymphoctyes to take on this 

appearance? 

Atypical lymphocytosis - antigenically 
stimulated lymphocytes. Prominent 

nucleoli, coarse nuclear chromatin and 
abundant blue cytoplasm.  

Causes: mononucleosis, viral hepatitis, 
CMV, toxoplasmosis, drugs 

(phenytoin). 

Give a differential for child who has an 
absolute lymphocyte count below 3000 

/microliters. 

HIV, DiGeorge syndrome, SCID, 
autoimmune disorder (SLE), 

corticosteroids (decreases release from 
lymph nodes), radiation. 

What effect does corticosteroids have 
on the absolute count of neutropohils, 

eosinophils, and lymphocytes? 

Corticosteroids produce neutrophilic 
leukocytosis, eosinopenia, and 

lymphopenia. 

An absolute monocyte count over 
______ /microliter could indicate 

chronic infection. 
800 

What are some clinical features of 
leukemia? 

Abrupt onset 
Fever (infection) 

Generalized lymphadenopathy, 
hepatosplenomegaly 

Fatigue (anemia) 
Bleeding (thrombocytopenia) 
Other: bone tenderness, skin 

involvement, CNS involvement 

What laboratory findings are similar in 
chronic and acute leukemia? What are 

different? 

Similar: anemia (normo- or macrocytic), 
increased peripheral WBC, 

thrombocytopenia 
 

Different: chronic leukemia has 10% 
blast cells in bone marrow, acute will 

have greater than 20%. CML will 
present with thrombocytosis in 40% of 

cases. 



Name some risk factors for leukemia? 

Chromosomal abnormalities: Down 
syndrome, Blood syndrome (AR, 

chromosome instability), Fanconi's 
anemia (AR, aplastic), Li-Fraumeni. 

Ionizing radiation. 
Chemicals: benzene 

Alkylating agents: busulfan. 
Topoisonmerase II inhibitors. 

Given the age range, what is the most 
likely leukemia: 

Newborn - 14 years old 
Persons 15 - 39 years old 
Persons 40 - 60 years old 
Persons over 60 years old 

ALL 
AML 

AML > 60% of the cases, CML ~ 40% 
CLL 

What are the chronic myeloproliferative 
disorders? 

Polycythemia vera, chronic 
myelogenous leukemia (CML), myeloid 
metaplasia with myelofibrosis, essential 

thrombocythemia. 

An athlete presents to his doctor 
dehydrated and confused. SaO2 and 

EPO are normal. What type of 
polycythemia does the patient have? 

Relative polycythemia. Increased RBC 
count due to decrease in plasma 

volume. 
 

RBC count = RBC mass/plasma 
volume 

Patient with COPD presents with an 
increase RBC count. What type of 

polycythemia does the patient have? 

Because there is a hypoxic stimulus, 
this is an appropriate absolute 

polycythemia (due to EPO release). 

Patient presents with increased RBC 
count, RBC mass, EPO. The patient 

also has a normal plasma volume and 
normal SaO2. What type of 

polycythemia does this patient have? 

Inappropriate absolute polycythemia 
(no hypoxic stimulus). Cause: ectopic 
secretion of EPO. If EPO is decreased 
then the patient has polycythemia vera. 

Patient presents with a ruddy face, 
pruritus after bathing, and multiple 
peptic ulcers. You determine the 

patient has polycythemia vera. What 
medication should you consider giving 

the patient to protect his joints? 

Allopurinol. Gout is a common finding 
in polycythemia vera due to the 

increased breakdown of nucleated cells 
with release of purines. 



Patient presents with myeloblasts less 
than 10%. DNA analysis also reveals a 

positive Philadelphia chromosome. 
Which fusion gene would help you 
diagnose this patients malignancy? 

BCR-ABL fusion gene is the most 
sensitive and specific test for CML. 

What are the four H's of polycythemia 
vera? 

Hyperviscosity, hypervolemia, 
histaminemia, hyperuricemia. 

What is the most significant finding that 
can be elicited during the physical 

examination of a patient with 
myelofibrosis? 

Massive splenomegaly due to 
extramedullary hematopoiesis. 

 
What is the arrow pointing at? 

Tear drop cells (damaged RBCs). This 
slide shows a leukoerythroblastic 

reaction. Myelofibrosis can cause this. 

Labs come back showing your patient 
has a platelet count above 600,000. 

Patient also has increased transferrin 
levels, decreased ferritin, and 

decreased serum iron. What is the 
diagnosis? 

The patient has essential 
thrombocytopenia characterized by 

increased, but nonfunctional, platelets. 
The iron studies show iron deficiency. 

What 'preleukemic' condition is 
characterized by severe pancytopenia 
(due to a luekoerythroblastic reaction), 

bone marrow with less than 20% 
myeloblasts and ringed siderblasts? 

Myelodysplastic syndrome. Normally 
occurs in men 50-80. 

 
What type of leukemia does this patient 

have? 

The presence of Auer rods (fused 
azurophilic granules) indicates acute 

myelogenous leukemia M2 or M3. 



Patient recovering from a DIC episode 
has a DNA analysis showing a t15:17 
translocation. What should this patient 

be treated with? 

Retinoic acid (high doses of vit A) can 
induce remission by maturing cells in 
acute promyelocytic leukemia (M3). 

What is the most common subtype of 
acute lymphoblastic leukemia (ALL)? 

What are some positive marker 
studies? 

Early pre-B-cell ALL 
CALLA and CD10 positive. CALLA 

stands for common ALL antigen. They 
also have positive TdT marker. 

What lab test would help you 
differentiate T-cell ALL with early pre-

B-cell ALL? 

T-cell ALL is TdT positive and CD10 
negative. 

Early pre-B cell ALL is TdT positive and 
CD10 positive. 

What leukemia is associated with 
HTLV-1? What is the pathogenesis of 

this leukemia? 

Adult T-cell leukemia. Pathogenesis: 
activation of the TAX gene, which 

inhibits the TP53 suppressor gene. 
This leads to monoclonal proliferation 

of neoplastic CD4 helper T cells. 
Adult T-cell leukemia is associated with 

skin infiltration, lytic bone lesions 
(osteoclast-activating factor), and 

hypercalcemia. 

What lab test would help you 
differentiate T-cell ALL from adult T-cell 

leukemia? 

T-cell ALL is TdT positive, while adult 
T-cell leukemia is TdT negative. 

What is the most common cause of 
generalized lymphadenopathy in 
individuals over 60 years of age? 

CLL 



A patient has a neoplastic disorder of 
virgin B cells. This result in 

hypogammaglobulinemia. A peripheral 
blood smear also reveals smudge cells. 

What is the diagnosis? 

Chronic lymphocytic leukemia. 

Lab results: pancytopenia and positive 
tartrate resistant acid phosphatase 

stain (TRAP). Diagnosis? 
Hairy cell leukemia. 

 
What hematological malignancy does 

this patient have? 

Chronic lymphocytic leukemia. Smudge 
cells (fragile leukemic cells). 

How does the leukocyte alkaline 
phophatase level help differentiate 
reactive leukocytosis from a true 

leukemia? 

Reactive leukocytosis is an increase in 
WBC with infection and is associated 

with high levels of LAP. An abnormally 
large increase in WBCs in leukemia is 
typically associated with low levels lof 

LAP. 

Describe myelodysplastic syndromes. 

Mutant stem cell that can give rise to all 
cell types of the myeloid lineage which 

replaces bone marrow. the mutant 
stem cell produces cells in a ineffective 

manner so all cells involved are 
nonfunctional. Myelodysplastic 

syndrome may evolve into AML. 

Describe myeloproliferative disorders. 

Transformed hematopoietic progenitor 
cell causes pathologically increased 

production of one of the final products 
of the myeloid lineage. 



Why is important to determine if 
enlarged lymph nodes are painful or 

not? 

Localized painful nodes imply drainage 
of an infection. Generalized painful 

nodes imply systemic disease 
(autoimmune or mono). 

 
Painless nodes are indurated and often 

fixed to surrounding tissue: they 
indicate malignancy. 

What are some non-infectious risk 
factors for developing lymphomas? 

Autoimmune diseases: Sjogren's 
(salivary gland and GI lymphoma), 

Hashimoto's thyroiditis (thyroid 
malignant lymphoma). 

Immunosuppresive therapy: receipients 
of bone marrow or organ 

High dose radiation. 
Chromosomal instability: Bloom 

syndrome. 

What nodal group is often enlarged in 
metastatic squamous cell carcinoma in 

the floor of the mouth? 
Submental nodes. 

Cervical nodal enlargement is 
commonly associated with what 

cancers? 

Metastatic head and nick tumors 
(larynx, thyroid, nasopharynx). 

Hodgkin's lymphoma. 

Virchow nodal enlargement is 
commonly associated with what 

cancers? 

Virchow = left-sided supraclavicular.  
 

Metastatic abdominal cancers 
(stomach, pancreas). 

Right-sided supraclavicular nodal 
enlargement is commonly associated 

with what cancers? 

Metastatic lung and esophageal 
cancers. 

Hodgkin's lymphoma. 



Axillary nodal enlargement is 
commonly associated with what 

cancers? 
Breast cancer. 

Hilar nodal enlargement is commonly 
associated with what cancers? Metastatic lung cancer. 

Mediastinal nodal enlargement is 
commonly associated with what 

cancers? 

Metastatic lung cancer. 
Hodgkin's lymphoma: particularly 

nodular sclerosing type. 
T-cell lymphoblastic lymphoma. 

Para-aortic nodal enlargement is 
commonly associated with what 

cancers? 

Metastic testicular cancer. 
Burkitt's lymphoma. 

What bacteria can cause mixed B and 
T cell hyperplasia? 

Cat-scratch disease due to Bartonella 
henselae. 

What lymphomas are associated with 
the following infectious agents: 

1) EBV 
2) H. pylori 

3) AIDS 
4) HTLV-1 

1) NHL: Burkitt's and diffuse large B-
cell, HL: mixed cellularity 

2) MALToma 
3) NHL's 

4) Adult T-cell 

Compare Hodgkin's lymphoma and 
non-Hodgkin's lymphoma. 

Hodgkin's lymphoma begins as a 
localized process and spreads in a 

consistent fashion to adjacent nodes. 
Localized therapy is helpful.  

 
NHL (85% of cases) involves multiple 

peripheral nodes and extranodal sides. 



NHL is predominantly B-cell in origin 
(80%). What are the common B-cell 

NHLs? 

Lymphomas: 
Diffuse large B-cell, follicular, Burkitt's, 
mantle cell, extranodal marginal zone, 

small lymphocytic. 

What is the pathogenesis of the 
translocation associated with follicular 

B-cell NHL? 

t14:18 results in an overexpression of 
the anti-apoptosis gene BCL2. 

Which B-cell NHL is the most 
aggressive and often is the most 

common in adults? 
Diffuse large B-cell. 

A biopsy of a non-tender para-aortic 
lymph node in an 8 year old male 

patient has a "starry sky" appearance 
under the microscope. The abnormal 
cells have CD19, CD20, and CD22 

markers. What is pathogenesis of the 
translocation associated with this boys 

condition? 

Burkitt's lymphoma: 
- 30% of children with NHL 

- EBV relationship with t(8:14) - MYC. 
Proto-oncogene c-myc has been 

translocated from its normal position on 
chromosome 8 to a location close to 
the enhancers of the antibody heavy 

chain genes on chromosome 14. 
- American: GI, para-aortic, African: jaw 

Which type of NHL is closely 
associated with CLL. What is the 

common age group effected? 

Small lymphocytic lymphoma is 
indistinguishable from CLL. SLL is 

confined to lymph nodes and presents 
as generalized lymphadenopathy. SLL 

> 60 years of age. 

Patient, 44, presents with a strange 
rash that warrants a biopsy. Analysis 
shows that a group of neoplastic cells 

were found in the epidermis. You 
inform the patient this a type of 
lymphoma. What is name of the 
leukemic phase of this disease? 

This is mycosis fungoides (age 40-60). 
It involves neoplastic peripheral CD4 

Th cells. It begins as a rash, plaque, or 
nodule. The neoplastic cells in the 

epidermis is referred to as Pautrier's 
microabscess. Sezary syndrome is 
mycosis fungoides with a leukemic 

phase. 



What is the most common childhood 
lymphoma of T-cell origin ? 

Precursor T-cell lymphoma: - 
40% of childhood lymphomas 

- involves anterior mediastinum and 
cervical nodes 

- BM and CNS involvement 

What is the Ann Arbor staging system 
for NHL? 

I – single lymph node 
II – two + lymph nodes regions on the 

same side of the diaphragm 
III – lymph nodes on both sides of the 

diaphragm 
IV – disseminated amongst organs 

1) What are the constitutional signs 
(the B symptoms) of Hodgkin's 

lymphoma? 
2) What is Pel-Ebstein fever? 

3) Name some other symptoms of HL. 

1) Unexplained weight loss, fever, and 
night sweats.  

2) Infrequently, the classic Pel-Ebstein 
fever is observed (high fever for 1-2 wk 

followed by an afebrile period of 1-2 
wk). 

3) Lymphadenopathy, pruritus. Chest 
pain, cough, shortness of breath, or a 
combination of these things may be 
present due to a large mediastinal 
mass or lung involvement. Rarely, 

hemoptysis is observed. 

Is HL or NHL more associated with 
Waldeyer's ring involement? 

NHL. Lymphoid tissue ring located in 
the pharynx and to the back of the oral 

cavity. 

Match the histological feature with a 
type of HL: 

1) Classical Reed Sternberg cell 
2) L and H variant RS 

3) Lacunar cells 

1) Mixed cellularity HL 
2) Lymphocyte predominant HL 

3) Nodular sclerosing 

 
What CD markers are present on this 

cell? 

CD15, CD30. This is a Reed-Sternberg 
cell: a classic neoplastic cell of 

Hodgkin's lymphoma most often seen 
in a germinal center. 



Female has cough, dyspnia, loss of 
weight, and a fever. What is the most 

likely HL present in this patient? 

Nodular sclerosing type HL is 
predominantly female. Anterior 

mediastinal nodes and cervical or 
supraclavicular nodes are involved. 

Where in the lymph node does mantel 
cell lymphoma (NHL) and marginal cell 

lymphomas occur?  

What is the most common low grade 
malignant lymphoma of the stomach? 

Extranodal marginal zone: 
- Derives from MALT 

- t(11:18) apoptosis inhibitor gene 
AP12 

- Due to chronic immune stimulation 
- Associated with H. pylori 

 
What does this EM show? 

Histiocytes: 
Tennis-racket shaped Birbeck 

granules. The cells are also CD1 
positive. 

What are the three classifications of 
histiocytosis and at what age do they 

present? 

Letterer-Siwe:  
Malignant histiocytosis in children < 2 

years old. Eczematous rash, cystic 
defects in bones, multiple organ 

involvement. Fatal. 
Hand-Schuller-Christian: 

Children. Triad: cystic skull, diabetes 
insipidus, exophthalmos  
Eosinophilic granulomas: 

Benign histiocytosis in adolescents and 
young adults. Lytic lesions in bone, 

bone pain, fractures. 

Patient symptoms/signs include: 
pruritus, dermatographism, gatric 

ulcers, and a positive Darier's sign. 
Diagnosis? 

Urticaria pigmentosum or 
mastocytoma. Signs/symptoms are 

related to mast cell release of 
histamine. Darier's sign: scratching 

results in erythematous swelling of the 
lesion. 



What is multiple myeloma and what is 
its incidence in the US? 

Multiple myeloma is a disease 
characterized by a proliferation of 

malignant plasma cells and a 
subsequent overabundance of 

monoclonal paraprotein.  
White male: 4.3 in 100,000 
Black male: 9.6 in 100,000 

M > F (3:2) 

1) What is the M component in multiple 
myeloma?  

 
2) What is the BJ protein in multiple 

myeloma? 

M component is the immunoglobulin 
monoclonal spike on serum protein 

electrophoresis. The most common is 
IgG kappa followed by IgA. 

Bence-Jones protein refers to the 
kappa or delta light chains excreted in 

urine. 

1) What are the skeletal system clinical 
findings in multiple myeloma? 

 
2) What are the hematologic clinical 

findings in multiple myeloma? 

1) Bone pain, pathological fractures 
due to lytic bone lesions (vertebra, ribs, 
skull, pelvis), spinal cord compression. 

Hypercalcemia (25%). Path: plasma 
cells release IL-1 (activate osteoclasts), 

IL-6 (upregulates RANK-L on 
osetoblasts which activate osteoclasts). 

2) Normocytic anemia with rouleaux, 
increased ESR, prolonged bleeding 

time. 

What are the clinical effects of 
hypercalcemia? 

Hypercalcemia (>12 mg/dL): 
Decreased nervous system and 

sluggish reflex, decreased QT interval, 
decreased appetite and constipation 
(due to depressed contractility of the 
muscle walls of the GI tract). Nausea, 

thirst, bone pain. 

How are the kidney's affected in 
multiple myeloma? 

BJ protein can form proteinaceous 
tubular casts which damage the 

epithelium (intratubular multinucleated 
giant cell reaction). Nephrocalcinosis: 

metastatic calcification of tubular BM in 
the collecting ducts.  

Light chains are converted into amyloid 
which produces nephrotic syndrome. 



What test are useful in multiple 
myeloma? 

CBC, metabolic panel, serum protein 
electrophoresis, 24-hr urine collection, 

Beta-2 microglobulin (very strong 
predictor), XRAY, MRI, bone marrow 

aspirate (> 10% plasma cells), plasma 
cell sheets. 

What are some similarities and 
differences between multiple myeloma 

and Waldenstrom's 
macroglobulinemia? 

Both are neoplastic clonal disorder of B 
lymphocytes. The clinical presentation 
of WM is similar to that of MM except 
that (1) organomegaly is common in 

WM and is uncommon in multiple 
myeloma and (2) lytic bony disease 
and renal disease are uncommon in 

WM but are common in MM. 
M spike: WM - IgM, MM - IgG 

An elderly patient presents with a small 
M spike in IgG. The patient doesn't 

have a BJ protein and bone aspiration 
shows plasma cells < 3%. Diagnosis? 

Monoclonal gammopathy of 
undetermined significance. This patient 
will need continual monitoring of MM. 

Extramedullary plasmacytoma is a 
discrete, solitary mass of neoplastic 

monoclonal plasma cells in either bone 
or soft tissue (extramedullary). What 

anatomical sites are typically involved? 

Upper respiratory tract. This condition 
is associated with a slight increase in 

monoclonal proteins, absent malignant 
plasma cells in BM, absent BJ protein, 
and a small percentage may develop 

MM. 

What percentage of patients with a 
solitary skeletal plasmacytoma will 

develop MM? 
75%. Sites: vertebra, ribs, pelvis. 

1) What does polyclonalgammopathy 
indicate? 1) Chronic infection. Benign. 



How does the spleen appear in the 
presence of portal hypertension? 

Spleen has a thickened surface 
capsule from perisplenitis (sugar 

coated). 
Calcium and iron concretions called 
Gamna Gandy bodies are present in 

collagen. 

What are the clinical findings in 
splenomegaly? 

Left upper quadrant pain - associated 
with splenic infarctions causing friction 

rubs and left sided pleural effusion.  
Hypersplenism. 

What is hypersplenism? What is the 
most common cause? 

Exaggeration of normal splenic 
function. RBCs, WBCs, platelets are 

singly or all sequestered and 
destroyed. 

Portal HTN associated with cirrhosis. 

A patient has recently been radically 
treated for an Autosomal Dominant 

disorder associated with large spherical 
RBCs. What will the peripheral blood 

cells look like now? 

Splenectomy is a treatment option for 
AD Hereditary Spherocytosis. 

Peripheral blood smear could reveal: 
spherocytes (due to the disease), 

nucleated RBCs, Howell Jolly bodies, 
target cells (excess membrane cannot 

be removed), thrombocytosis. 
Increased risk of infection. 

Leukemoid Rxn 

1. Absolute WBC count > 50,000 
2.Benign exaggerated leukocyte 
response could be neutrophils, 

lympocytes, eosinophils 

Leukemoid RXN 
Causes 

1. Appendicitis-Neutro 
2.Whooping Cough-Lympho 
3.Cutaneous Larva-Eosino 

Lympocytosis 
WHEN? 

1. Viral (mono) or Bacterial (Whooping) 
2. Drugs (Phenytoin) 

3.Graves Disease 



Lympocytosis Define Lympho count over 4000/uL=Adults 
Children 8000/uL 

Lyphocytosis 
Pathogenesis 

1. Increased Production 
2. Decreased lymph node entry 

Atypical Lympocytosis 
When: 

1. Infection: Mono, Viral Heptitis, CMV, 
Toxo 

2. Drugs Phenytoin 

Atypical Lymphocytosis 
Pathogenesis 

1. Antigentically stimulated lymph 
2.Prominent nucleoli and abundant 

blue cytoplasm 

Leukoerythroblastic RXN 
Define 

Immature bone marrow cells into 
peripheral blood 

Leukoerythroblastic RXN 
Pathogenesis 

1. Bone Marrow Infiltrative Disease 
2. Examples- Fibrosis, Breast Cancer 

Neutrophilic Leukocytosis Neutrophil Count > 7000uL 



Neutrophilic Leukocytosis 
When: 

1. Infection ( acute Appendicitis) 
2. Sterile inflammation with necrosis 

(acute MI) 
3. Drugs Corticosteroids 

Neutrophilic Leukocytosis 
Patho 

1. Increased Bone Marrow production 
or release of neutrophils 

2. Decreased activation of neutrophil 
adhesion 

a-less neutrophils adhere to endo cells 
b-Ex- Corteco, Cathecolamines, 

Lithium 

Neutropenia  
Define Neutrophil count < 1500 

Neutropenia  
When 

1. Aplastic Anemia 
2.Immune destruction 

----EX: SLE 
3. Septic Shock 

Neutropenia  
Patho 

1. Decreasd production 
2. Increased production ( macrophage 

or cpmplememt 
3. Activation of neutrophil adhesion 

molecules 
---Endotoxins 

Increase the neutrophils adherence to 
endo cells 

Eosinophila Count > 7000/ul 



Eosinophila 
When 

1. Type 1 Hyper 
2. Invasive Helmiths ( hookworkm) 

3. Hypocorticolism ( addison or 
Polyarteritis Nodosa) 

When would you think Eosinophila but 
not 

Pinworms and Adult Ascariasis do not 
b/c not invasive 

Eosinophila 
Patho 

1. Release of eosinophil chemotatic 
factor from mast cells ( type 1) 

2. No sequestering of esinophils in 
lymph ( hypocortisolism 

Eosinopenia 

1.Hypercorticolism ( Cushings or 
Corticosteroids 

2. Corticosteroids sequester 
eosinophils in lymph nodes 

Basophilia  
Define Count >110/uL 

Basophilia  
When 

Chronic myeloiproliferative disorders 
Polycythemia vera 

Corticosteroids do what to WBC count 
Neutrophilic leukocytosis 

Eosinopenia 
Lympopenia 



Age ranges for Leukemias 
New born to 14 ALL 

Age ranges for Leukemias 
15-39 AML 

Age ranges for Leukemias 
40-60 

1. AML >60% 
2. CML ~ 40% 

Age ranges for Leukemias 
>60 CLL 

Monocytosis 
Define Count > 800/uL 

Monocytosis 
Causes 

1. Chronic Infection ( TB) 
2.Autoimmune Disease ( RA) 

3. Malignancy ( Carcinome, Malignant 
Lymphoma) 

Monocytosis 
Patho 

Response to Chronic inflammation or 
malignancy 



Leukemias ( Acute or Chronic) 
Define 

Malignant disease of bone marrow 
stem cells that may involve all celline 

lines 

Erythropoiesis is the production of 
RBCs in the bone marrow and is 

dependent on the release of 
erythropoietin from the kidneys. Name 

the stimuli for EPO release. 

Hypoxemia, severe anemia, left-shifted 
O2 binding curve, high altitude. 

(Remember: hypoxemia is a decrease 
in PaO2; hypoxia is inadequate 

oxygenation of tissue). 

 
Supravital stain (new methylene blue) 
of RBCs. What does the arrow point 

to? 

Reticulocyte newly released from the 
bone marrow with thread-like RNA 

filaments in the cytoplasm. They will 
mature to RBC in 24 hours. 

Define these terms: 
1) Hematocrit  

2) Microcytic anemia 
3) Poikilocytosis 
4) Anisocytosis 

1) ~ PCV (packed cell volume): 
proportion of blood volume that is 

occupied by RBCs . 
2) Decreased size of RBCs. 

3) Variation in shape of RBCs. 
4) Variation in size of RBCs. 

What is mean corpuscular volume and 
what is the equation used to determine 

it? 
 

What is mean corpuscular hemoglobin 
concentration and what is the equation 

used to determine it? 

MCV = Hct / RBCs 
MCV is the average volume of RBC. It 

is used to classify anemia as 
microcytic, normocytic, or macrocytic.  

 
MCHC = Hb / Hct 

MCHC is the average Hb concentration 
in RBCs. 

What would the MCHC, MCV, and 
MCH of a macrocytic RBC be 

(elevated, normal, or decreased)? 

MCHC would be normal.  
MCV would be elevated. 

MCH (weight of hemoglobin in RBC) 
would be increased. 

What information does the reticulocyte 
count give you and how would you 
correct the calculated reticulocyte 

count in an anemic patient? 

Reticulocyte count is a marker of 
effective erythropoiesis. Normal 

response is above 3%. 
 

Equation: corrected reticulocyte count 
= (actual Hct/45)*reticulocyte count 



What percentage of RBCs in the adult 
human are HbA, HbA2, and HbF? 

When does HbA take over for HbF? 

HbA (2 alpha, 2 beta): 97% 
HbA2 (2 alpha, 2 delta): 2.5% 
HbF (2 alpha, 2 gamma): 0.5% 

 
HbA replaces HbF between the first 3-9 

months of life. 

A decrease in MCHC (mean 
corpuscular hemoglobin concentration) 

indicates what? How will the RBCs 
appear? 

A decrease in MCHC correlates with 
decreased synthesis of Hb (microcytic 

anemias). The RBCs will have a 
greater central area of pallor 

(hypochromasia). An increase in 
MCHC indicates spherical RBCs and 

no central area of pallor. 

What microcytic anemia will have an 
increase RDW? 

RDW reflects variation in size of RBCs 
in the peripheral blood (anisocytosis). 
Iron deficiency is the only microcytic 

anemia with an increased RDW due to 
a mixture of normocytic and microcytic 

RBCs. 

Patient has chocolate-colored blood 
and cyanosis. Administration of O2 
doesn't help. Why would methylene 

blue help this patient? 

Methylene blue activates metHb 
reductase. Methemoglobin is Hb with 

oxidized heme groups (Fe3+). 

How do mature RBCs: 
Produce ATP? 

Protect against hydrogen peroxide? 

Mature RBCs get ATP from anaerobic 
glycolysis. Lactic acid is the end 

product of RBC metabolism. 
Pentose phosphate pathway produces 

NADPH in RBCs. NADPH and 
glutathione reductase reduce 

glutathione. Glutathione neutralizes 
hydrogen peroxide. 

What is: 
1) Serum ferritin 
2) Serum iron 

3) TIBC 
4) Iron saturation 

1) Serum ferritin correlates with ferritin 
stores in the macrophages. Ferritin is 

the soluble iron storage protein. 
2) Serum iron represents iron bound to 

transferrin. 
3) TIBC = serum iron + transferrin 

4) Iron saturation = serum iron/TIBC 



What is the relationship of transferrin 
synthesis with ferritin stores in 

macrophages? 

Decreased ferritin stores cause 
increased synthesis of transferrin. 

Based on these iron studies, what is 
the pathology? 

1) Increased serum ferritin, decreased 
serum iron, decrease TIBC 

2) Decreased serum ferritin, increased 
TIBC, decreased iron saturation 
3) Increased ferritin, decrease in 

tranferrin, increase in iron saturation 

1) Anemia of chronic disease. Hepcidin 
inhibits the release of iron. 

2) Iron deficiency 
3) Iron overload 

 
Describe these RBCs. 

Normal RBCs. Area of pallor is Slightly 
less than half the total diameter of the 

RBC. 

Describe the synthesis of 
protoporphyrin IX.  

What are the four types of microcytic 
anemia? What are the RBCs 

microcytic? 

Microcytic anemia: defects in the 
synthesis of Hb (heme + globin 

chains). Iron deficiency, sideroblastic 
anemia, thalassemia (alpha and beta), 
and anemia of chronic disease (ACD). 

 
[Hb] determines the number of cell 

divisions a maturing RBC will undergo. 
A decrease in [Hb] will lead to an 

increase number of divisions resulting 
in a decreased MCV. 

What is the most common cause of 
microcytic (MCV < 80) anemia in men 
younger than 50? Women under 50? 

Men and women over 50? 

The most common cause of microcytic 
anemia is iron deficiency. Men - peptic 
ulcer disease. Women - menorrhagia. 

M/W over 50 - polyps/colorectal 
cancer. 



Patient has dysphagia for solids, 
achlorhydria, a swollen tongue, and 
koilonychia. Labs: decreased MCV, 

increased TIBC, and increased RDW. 
Diagnosis? 

Iron deficiency. Plummer-Vinson 
syndrom: esophageal web, 

achlorhydria, glossitis, koilonychia 
(spoon nails). 

Patient presents with diarrhea, 
abdominal pain, weight loss and 
fatigue. FBC shows a microcytic 

anemia. The patient is also 
eosinophilic. What caused this patients 

symptoms? 

Necator americanus or ancyclostoma 
duodenale (hookworms - helminths) 

penetrate through the skin, travel to the 
lung, are coughed up, and then 

swallowed. Necator sucks blood from 
the intestinal wall causing iron 

deficiency. Eggs in stool can help 
diagnosis. 

 
Need to enter diff pic. this is the wrong 

pic. 

Iron deficiency: enlarged central area 
of pallor in the RBC. 

Thalassemia is a quantitative problem 
of too few globins synthesized. What 
are the two types of thalassmia and 

what chromosomes does the defective 
arise from? 

Alpha-thalassemia: alpha chain is 
synthesized by 2 gens on chromosome 
16 (4 genes total). Four variants: silent 

carrier, alpha-thal, HbH (four beta 
chains), and Hb Barts.  

Beta-thalassemia: one gene on 
chromosome 11. B-thal minor and B-

thal major (Cooley's anemia). 

What would the Hb electrophoresis 
look like in alpha-thal trait? 

Normal, because all Hb types require 
alpha-globin chain. The Hb 

concentration is decreased; however, 
the relative proportions of the normal 

Hbs remains the same. 

What are the genetic abnormalities that 
cause beta-thalassemia? How does the 
Hb electrophoresis look like in beta-thal 

minor and major? 

Mild anemia is caused by DNA splicing 
defect. Severe anemia is caused by 

DNA stop codons.  
Beta-thal minor: decreased HbA, 

increased HbA2 and HbF. 
Beta-thal major: absent HbA, increased 

HbA2 and HbF. 



Name the causes of sideroblastic 
anemia. 

Chronic alcoholism: alcohol is 
mitochondrial toxin; heme synthesis 

occurs in the mitochondria. 
Pyridoxine (B6) deficiency: B6 is 
cofactor for aminolevulinic acid 

synthase. Often due to isoniazid. 
Lead poisoning: Pb denatures 

ferrochelatase, ALA dehydrase, and 
ribonuclease. 

 
Bone marrow aspirate. What is the 

most common cause of this? 

Sideroblastic anemia: defect in heme 
synthesis in the mitochondira is most 

commonly caused by chronic 
alcoholism. The picture shows ringed 

sideroblasts: blue iron granules around 
the nucleus of normoblasts which 
represent iron trapped within the 

mitochondria. 

 
What is shown in these mature RBCs? 

Sideroblastic anemia due to Pb 
poisoning causing basophilic stippling. 
Lead denatures ribonuclease, hence, 

he ribosomes persist in the cytoplasm. 

Child presents with features that 
resemble encephalopathy. There is 

significant evidence of cerebral edema. 
Furthermore, there is marked 

demyelination and damage to neurons. 
How can lead poisoning lead to this 

condition? 

Pb inhibits aminolevulinic acid 
dehydrase leading to a build up of ALA 
to toxic levels. ALA damages neurons, 

causes cerebral edema, and 
demyelination. 

50 year old male presents with a foot 
drop. The patient is not diabetic. His 
labs show: increase in serum iron, 

increase in iron saturation, increase 
ferritin, and a decrease in TIBC. 

Diagnosis? 

Iron overload. Most likely Pb poisoning 
causing peroneal nerve palsy. 



Explain where and how B12 is 
absorbed. 

Pepsin frees vitamin B12 from ingested 
proteins (pepsin requires H+). Free vit 

B12 is bound to R-binders (from 
salivary glands). Pancreatic enzymes 

in the duodenum cleave off the R-
binders. Vit B12 binds to IF (from 

parietal cells). B12-IF is absorbed in 
the terminal ileum. B12 supplies last 6-

9 years. 

What is the pathogenesis of macrocytic 
anemia? 

Impaired DNA synthesis (lack of B12 or 
folate) leads to a delay in nuclear 
maturation; a block in cell division 

leads to large, nucleated hematopoietic 
cells (megaloblasts). Cellular RNA and 
protein synthesis continue unabated; 

cytoplasmic volume continues to 
expand. 

Name some causes of B12 deficiency. 

Decreased intake: vegan diet, 
malnutrition. 

Malabsorption: pernicious anemia, 
decrease gastric acid, Crohn's or celiac 

involving terminal ileum, bacterial 
overgrowth, diphyllobothrium latum 

(fish tapeworm). 
Increased utilization: 
pregnancy/lactation. 

Describe how each drug inhibits folate: 
5-Fluorouracil 

Methotrexate, TMP-SMX 
Phenytoin 

Oral contraceptives 
Alcohol 

Inhibits thymidylate synthase. 
Inhibit DHFR. 

Inhibits intestinal conjugase. 
OC: inhibit uptake of monoglutamate in 

jejunum. 
Alcohol: inhibits the release of folate 

from the liver. 

Draw out the relationship between B12, 
folate, and dUMP to dTMP.  



How does B12 cause peripheral 
neuropathy with sensorimotor 

dysfunction? Specifically what regions 
of the spinal cord does B12 deficiency 

effect? 

B12 is involved in odd-chain FA 
metabolism. Odd-chains are broken 
down to propionyl-CoA and then to 
methylmalonyl CoA. Methylmalonyl 

CoA is converted to succinyl CoA via 
methylmalonyl CoA mutase and B12. 
B12 deficiency leads to an increase 

methylmalonyl CoA and corresponding 
acids which replace acetyl CoA in 
neuronal membranes, resulting in 

demyelination. Neurologic disease: 
posterior column dysfunction (vibratory 
sensation and proprioception) and later 

corticospinal tract (spasticity). 
Dementia. 

 

Hypersegmented neutrophils are 
excellent markers of folate and vitamin 

B12 deficiency. 

Schillings test is used to determine the 
cause of _________. Explain the test. 

Vit B12 deficiency. 
Oral administration of radioactive B12. 
Reabsorption of B12 indicates dietary 

deficiency. 
Reabsorption of B12 after IF indicates 

pernicious anemia. 
Reabsorption of B12 after antibiotics 

indicates bacterial overgrowth. 
Reabsorption of B12 after 

administration of pancreatic enzymes 
indicate chronic pancreatitis. 

What are the causes of normocytic 
anemia with a corrected reticulocyte 

count of < 3%? 

Blood loss < 1 week. 
Early-stage iron deficiency. 

Early-stage ACD. 
Aplastic anemia. 

Renal disease (decrease EPO 
synthesis). 



Hemolytic anemias can due to intrinsic 
(defect within RBC) or extrinsic factors. 

Describe the two mechanisms 
(locations) of hemolysis. 

Extravascular: phagocytosis by 
macrophages in the spleen; RBCs 

coated with IgG. Leads to an increase 
in serum unconjugated bilirubin. 

 
Intravascular hemolysis: hemolysis 

occurs within blood vessels. This leads 
to a decrease in serum haptoglobin 

(combines with Hb). 
Patient presents with jaundice and 

abdominal pain radiating to the right 
scapula. Its discovered the patient has 
pigmented gallstones. Blood studies 

show a normocytic anemia. You 
explain to the patient they have a 

autosomal dominant disorder and that 
a splenectomy would be beneficial. 

What is the pathogenesis of this 
disease? 

Hereditary spherocytosis (AD) is an 
intrinsic defect with extravascular 

hemolysis. Membrane protein defect 
results in the loss of RBC membrane 
and spherocyte formation: mutation in 

ankyrin (most common), or band 2, 
spectrin, or band 3. Increased 

permeability of spherocytes to sodium. 

 

Hereditary spherocytosis (autosomal 
dominant). Defect in ankyrin leading to 

a loss in RBC membrane and 
spherocyte formation. No area of 

pallor. 

What is the inheritance of: 
Hereditary spherocytosis 

Sickle cell anemia 
Hereditary elliptocytosis 

Pyruvate kinase deficiency 
G6PD deficiency 

AD 
AR 
AD 
AR 

X-link 

A normocytic anemia characterized by 
intravascular complement-mediated 

lysis of RBCs, neutrophils, and 
platelets occurring at night indicates 

what disease? How would you screen 
and confirm? 

Paroxysmal nocturnal hemoglobinuria 
(PNH): acquired membrane defect in 

multipotent myeloid stem cells. 
Mutation causes loss of the anchor for 

decay accelerating factor which 
neutralizes complement attached to 

RBCs, neutrophils, and platelets. 
Screen - sucrose hemolysis test. 

Confirm - Ham test (acidified serum 
test). 



What is the DNA mutation in sickle cell 
anemia? 

Missense point mutation: substitution of 
valine for glutamic acid at sixth position 

of beta-globin chain. 

Explain the threshold for sickling and 
what factors increase sickling in sickle 

cell anemia. 

Sickling occurs when HbS molecules 
aggregate and polymerize into long 

needle-like fibers (boat-shaped). HbS 
concentration greater than 60% is the 

most important factor. HbAS trait 
doesn't sickle. Increase in 

deoxyhemoglobin increases the risk for 
sickling: acidosis, volume depletion, 

hypoxemia. 

What is the danger of sickling in HbS? 
What endogenous substance 

decreases sickling? 

Sickling increases adherence to 
endothelial cells in the microcirculation. 

Microvascular occlusions (vaso-
occlusive crises) produce ischemic 

damage. HbF prevents sickling; first 5-
6 months of life for an HbSS patient are 
protected. Hydroxyurea increases the 

synthesis of HbF. 

What is the most common cause of 
death in adults in HbS patients? What 
is the most common presentation in 

infants? 

Adults: acute chest syndrome - vaso-
occlusion of pulmonary capillaries, 

chest pain, hypoxemia. Children have 
painful swelling of hands and feet due 

to bone infarcts. 

 
What infections is the patient 

susceptible to? 

Peripheral blood with sickle cells and 
Howell-Jolly bodies (nuclear remnants). 
HbS patient undergo autosplenectomy 
and lose macrophage function; patients 

are susceptible to encapsulated 
bacteria: streptococcus pneumoniae, 
Salmonella paratyphi (osteomyelitis). 



 

Heinz bodies are formed by damage to 
the hemoglobin component molecules, 

usually through oxidations, which 
causes the damaged molecules to 
precipitate and damages the cell 
membrane. Damaged cells are 
attacked by macrophages in the 

spleen, where the precipitate and 
damaged membrane are removed, 
leading to characteristic "bite cells".  

Commonly occurs in G6PD 

Patient presents with fatigue and a 
decreased Hct. Labs come back: MCV 
- 90, elevated levels of 2,3-BPG, and 

peripheral blood smear shows 
echinocytes. Diagnosis? 

Pyruvate kinase deficiency - autosomal 
recessive disorder. Path: intrinsic 

defect with extravascular hemolysis. 
Lack of ATP causes membrane 

damage and dehydration of the RBC, 
producing echinocytes. 

Describe the difference between warm 
and cold type autoimmune hemolytic 

anemias. 

Warm: RBCs coated by IgG are 
phagocytosed by splenic macrophages 

(extravascular). Spherocytes are 
produced if a small amount of 

membrane is removed. 
 

Cold: IgM mediated hemolysis may be 
extravascular or intravascular 
depending on the degree of 

complement activaiton. 

What features are different between 
intravascular and extravascular 

hemolysis? 

Extravascular: leads to an increase in 
serum unconjugated bilirubin, jaundice, 

and increased serum lactate 
dehydrogenase. 

 
Intravascular: incresed plasma and 

urine Hb, hemosiderinuria, decreased 
serum haptoglobin, and increased 

serum LDH. 

Explain how the following drugs lead to 
hemolytic anemia: 

Penicillin 
Quinidine 

Methyldopa 

Penicillin: IgG Abs against penicillin 
attached to RBC membrane. 

Quinidine: immunocomplex (drug-IgM) 
depositis on the RBC causing 

intravascular hemolysis. 
Methyldope: drug alter Rh Ag on RBC 
causing autoantibodies against the Rh. 



Name some microangiopathic 
hemolytic anemias.  

Name some macroagniopathic 
hemolytic anemias. 

Micro: HUS, TTP, DIC, HELLP. 
 

Macro: aortic stenosis, prosthetic heart 
valves. 

how do you correct a retic count for 
degree of anemia 

pt Hct/45 x retic count 
 

polychromasia present? divide by 2 

ferritin 
circulation form of iron storage- 

represents amount of iron in bone 
marrow 

transferrin carrying protein for iron, made in the 
liver 

transferrin vs TIBC 

think of these as the same- transferrin 
is the carrier protein so the more 

present, the more iron can be bound 
(TIBC) 

chronic inflammation and iron stores 

iron stored in macrophages in bone 
marrow: inflamation= trying to keep 
iron from bacteria, but keep it away 

from RBCs as well 

least common microcytic anemias 
sideroblastic anemias.  

1. Alcohol 
2. lead poisioning 



rate limiting enzyme in porphyrin 
synthesis 

ALA synthase  
 

heme is the feedback mechanism 

dx for microcytic anemia 

iron def 
anemia of chronic disease 

thalassemia 
sideroblatic anemia 

ddx for macrocytic anemias folate def 
vitamin B12 def (neurologic findings) 

ddx for normocytic anemia with retic 
index below 3% 

blood loss (<1 week) 
early iron def 

early anemia of chronic dz 
aplastic anemia 

renal disease (low epo) 

normocytic anemia, corrected retic 
>3% (intrinsic RBC defects) 

Mem defects (H. spherocytosis, H. 
elliptocytosis, paroxysmal noc 

hemoglobinuria) 
 

Abnormal Hb (sickle cell dz) 
 

Deficient enzymes (G6PD, pyruvate 
kinase) 

target cell ddx 

Hem C disease 
Asplenia 

Liver disease (alcoholics) 
Thalasemia 

 
"HALT" 

ddx for decreased serum ferritin iron def (ferritin is iron storage protein) 



ddx for increased serum ferritin anemia of chronic disease 
Iron overload disease 

ddx for decreases serum iron 

Iron Def 
Anemia of chronic disease 

 
serum iron represents transferrin level- 

coorelated with TIBC 

common causes of iron def in neonates blood loss (meckel diverticulum) 

common causes of iron def in adult 
males < 50 

Peptic ulcer disease (GI BLOOD 
LOSS) 

common causes of iron def in women < 
50 menorrhagia 

common causes of iron def in adults > 
50 

bloodloss think polyps/colorectal 
cancer 

clinical and lab findings in iron def 
anemia 

glossitis, spoon-nails, decreased MCV, 
decreased iron sat 

 
increased TIBC 



stages of iron def anemia 

absent iron stores-> decreased serum 
ferritin-> decreased serum iron, 
increased TIBC,-> normocytic 

normochromic anemia-> microcytic 
hypochromic anemia 

most common anemia in hospitalized 
patients anemia of chronic disease 

where is the iron in anemia of chronic 
disease? 

in the macrophages - hepcidin is 
released in response to inflamation and 

it enters macrophages and prevents 
release of iron to transferrin 

Lab findings in anemia of chronic 
disease 

low MCV, low serum iron, low TIBC 
 

increased ferritin 

epidemiology of thalassemia 
autosomal recessive 

alpha- SEasian, blacks 
beta- greeks, italinians, blacks 

Hb electropheresis in alpha thal 

normal- decreased alpha (chain that 
matches with beta(A), gamma (F), 

delta(A2) 
 

therefore, every type is decreased 
proportionally 

black v asian a thal trait -a/-a black trait 
--/aa asian trait 



labs in a thal 

low MCV, Hb and Hct 
 

increase RBC count 
 

normal serum ferritin and Hb 
electropheresis 

Hemoglogin H four beta chains- combo of three a 
gene deletions in alpha thal 

hemoglobin bart 
four gamma chains- combo of 4 a gene 
deletions in alpha thal- not compatable 

with life= hydrops fetalis 

labs in beta thal minor 
decreased MCV, Hb, Hct 

Hb electrophoresis: decreased HbA, 
increased HbA2, increased HbF 

anemia in b thal major vs minor 
minor- mild microcytic anemia 

 
major- severe hemolytic anemia 

common causes of sideroblastic 
anemia 

alcoholism (chronic)- leadin cause 
Pyridoxine (B6) deficiency (ALA syn 

cofactor) 
Lead poisoning (protein denaturization) 

see a 'ringed sideroblast' - most likely 
cause? 

Alcoholism; followed by B6 def and 
Lead poisioning  

 
(sideroblastic anemias) 



ALA synthase 

enzyme (rate-limiting) in heme 
synthesis 

 
B6= cofactor- no B6= sideroblastic 

anemia  
 

low B6 (pyridoxine) leading cause - 
isoniazid therapy for TB 

see 'course basophilic stippling' think? lead poisoning 

abdominal colic w diarrhea in adults 
 

encephalopathy, cerebral edema, 
growth retardation in children 

lead poisoning 

see increased density in epiphysis on 
xray, with anemia think lead poisoning- Pb deposition 

Fanconi syndrome with anemia 
Pb poisoning- prox RTA-loss of bicarb 
in urine, aminoacduria, phosphaturia, 

glucosuria 

Lab findings in sideroblastic anemias 

increased serum iron, increased ferritin 
 

decreased MCV decreased TIBC 
 

ringed sideroblasts in bone marrow 

patients at risk for decreased intake of 
B12 

vegan diet & infants of vegan dieters 
 

elderly (malnutrition) 



where is B12 absorbed? terminal ileum 

Explain intrinsic factor's role 

secreted by parietal cells (body-fundus) 
complexes with B12 in duodenum after 
pancreatic enzymes cleave R-binder. 
Reabsorbed as a complex with B12 in 

the termainal ileum 

possible ways to interfere with the 
intestinal reabsorbtion of B12 

Chron's or Celiac dz of terminal ileum 
bacterial overgrowth  

fish tapeworm (diphyllobothrium latum) 
pancreatitis (no pancreatic enzyme to 

remove R-binder) 

R-binder 
syn. in salivary glands; binds free B12, 
protects/carries to duodenum, cleaved 

from B12 by pancreatic enz 

what food is folate in? green veggies, animal protein 

folate reabsorption location & blockers 
jejunum-  

 
blocked by alcohol, oral contraceptives 

most common cause of folate def 
decreased intake: 

-malnutrition (infants/elderly) 
-chronic alcoholics 



what builds up in the abscence of B12 
and/or folate? effects? 

homocysteine  
effects- high levels associated with 

thrombosis/MI 

ddx for high MCV anemia? 
B12 or Folate def - problem in DNA 

synthesis (thymidylate synthase) 
pathway-> cells cannot divide 

pernicious anemia 

autoimmune vs parietal cells: no IF= no 
B12 absorbtion.  
-lack gastric acid 

-macrocytic anemia 
- increased gastric adenocarcinoma 

clinical findings in B12 def 
pernicious anemia (macrocytic) 
smooth, sore tongue (glossitis) 

neurologic symptoms 

Lab findings in B12 def (other than low 
serum B12) 

Macrocytic anemia  
increased homocysteine (no dna syn) 
and methylmalonic acid (no odd chain 

FA metab) 
SMEAR: pancytopenia, 
HYPERSEGMENTED 

NEUTROPHILLS 

hypersegmented neutrophil DDX folate def 
B12 def 

Shilling test basics 

test for etiology of B12 def: replace 
possible defects in absorbtion until 
cause is found (IF, antibiotics[bac 

overgrowth], pancreatic enz) 



differnce in clinical findings: B12 vs 
folate 

B12 def is only one to result in 
neurologic defects due to impaired odd 

chain FA metabolism 

folate & fetal health 
maternal folate def prior to conception -

> increased risk of open neural tube 
defects 

Lab findings in folate def 

hypersegmented neutrophills 
macrocytic anemia  

pancytopenia  
decreased **RBC folate** best 

indicator of folate stores ** 

What are normocytic anemias with a 
corrected Reticulocytes count below 

3% 

acute blood loss, early iron deficiency 
or anemia of chronic disease, aplastic 

anemia, and chronic renal failure 

How many days does it take to see a 
reticulocyte response to acute blood 

loss? 
5-7 days 

how to distinguish between early 
anemia of chronic disease and early 

iron deficiency? 

serum ferritin:  
anemia of chronic inflation= high serum 

ferratin  
iron deficiency= low serum ferratin 

What are causes of aplastic anemia? 

50-70% idiopathic, drugs/toxins: 
chloramphenicol, alkylating agents, 
benzen, DDT, parathion, infection: 
EBV,CMV, parvovirus, nonA nonB 

hepatitis, whole body radiation, 
thymoma, paraoxysmal nocturnal 

hemoglobin uria 



What is the clinical presentation with 
aplastic anemia? 

normocytic anemia, neutropenia 
(infection/fever), 

bleeding/thrombocytopenia, 
pancytopenia, reticulocytopenia 

What is the pathogeneis of aplastic 
anemia? 

Either antigenic alteration of 
multipotent myeloid stem cells or 

defective/deficient stem cells (acquired 
or hereditary) 

What is the bone marrow like in 
aplastic anemia? Hypocellular bone marrow 

What is the most common cause of 
anemia with chronic renal failure? Decreased synthesis of EPO 

lab findings in chronic renal failure 
anemia? 

normocytic anemia, burr cells, 
prolonged bleeding due to defect in 

platelet agggregation, 
thrombocyopenia 

Examples of intrinsic hemolytic 
anemias 

G6PD defienciency, membrane 
defects, abnormal hemoglobin 

Normocytic anemias with corrected 
reticulocyte count >3% intrinsic or extrinsic hemolytic anemias 



extrinsic causes for RBC hemolysis stenotic aortic valve, immune 
destruction, phagocytosis in the splean 

signs of intravascular hemolysis 
increase plasma/urine HB, 

hemosiderinuria, decreased serum 
haptoglobin, increased serum LDH 

2 sites where extravascular hemolysis 
occurs spleen & liver 

clinical in hereditary spherocytosis 

increased bilirubin (jaundice), 
splenomegaly, aplastic crisis esp 

children after infection, increased # bile 
stones 

Pathogenesis of hereditary 
spherocytosis 

autosomal dominant disorder that 
results in loss of RBC membrane 
causing spheroctye formation and 
extravascular hemolysis in spleen 

Type of mutation in hereditary 
spherocytosis 

Most common: ankyrin, also band 2, 
spectrin, or band three 

lab findings in hereditary spherocytosis 

normocytic anemia >3% corrected 
retics, increased MCHC, increased 

RBC fragility (rupture hypotinic 
solution) 



hereditary elliptocytosis 

autosomal dominant defect in spectrin 
and band caused splenomegaly, no or 
mild hemolytic anemia, with increased 

fragilityand 25%+elliptocytes 

tx of hereditary elliptocytosis splenectomy if symptomatic 

Defect in paroxysmal nocturnal 
hemoglobinuria? 

acquired membrane defect that causes 
loss of anchor for DECAY 

ACCELERATION FACTOR 

Why does paroxysmal nocturnal 
hemoglobinuria occur at night? 

resp. acidosis enhances intravascular 
completement mediated lysis of neuts, 

RBCs and platelets 

tests for paroxysmal nocturnal 
hemoglobinuria 

sucrose hemolysis test, acidified serum 
test, norcyotic anemia with 

pancytopenia (microcytic if Fe def. 
develops), decreased serum 

hatpoglobun, increased urine Hb 

Cause of sickling? missense point mutation (valine for 
glutamic acid) in beta chain 

factors that increase likelihood of 
sickling? 

HbS concentration >60%, acidosis, 
volume deplation, hypoxemia 



Is sickling irreversible? Only initially with O2 

Complication of sickling? microvascular occlusions causing 
ischemia damage 

2 things that help prevent sickling increased HbF (prevents sickling until 
5-6 months), hydroxyurea 

Clinical findings in sickle cell 
dactylitis, vaso-occlusion of pulmonary 
capillaries, chest pain, aseptic necrosis 

femoral head, autosplenectomy 

Cause of renal problems in sickle 
carriers? 

low o2 in renal medulla, sickling that 
can cause renal papillary necrosis and 

microhematuria 

lab findings in sickle cell? blood smear-sickle and target cells 

what is the screening for sickle cell? sodium metabisulfite causes sickling by 
reducing O2 or Hb electrophoresis 



populations with greatest risk for G6PD 
deficiency? 

Black American, Greeks, Italian 
(mediterranian more severe and 

chronic) 

type of hemolysis in G6PD def? mostly intravascular with some 
extravascular 

problem with G6PD def? 
not enough NADPH and GSH 

(gluathion) suspetible to oxidative 
stress (esp in infection) 

smear finding in G6PD def? Heinz body 

Clinical findings in G6PD def? 

sudden back pain 2-3 days after 
oxidative stress or drugs such as 

primaquine, chloroquine, dapson, sulfa 
and Fava beans 

test for G6PD def? 
screen during hemolysis for heinz 

bodies with supravital stain, after crisis 
RBC enzyme analysis to confirm 

Pyruvate Kinase deficiency 
autosomal recessive disease causing 

chronic lack of ATP resulting in 
membrane damage 



clinical findings in Pyruvate Kinase 
deficiency 

hemolytic anemia with jaundice at birth, 
increase 2,3 BPG, RBCS with thorny 

projections 

test for pyruvate kinase deficiency RBC enzyme assay 

most common cause of autoimmune 
hemolytic anemias? 

lupus (more common in women than 
men) 

what are warm type of autoimmune 
hemolytic anemias? IgG antibodies (70% of AIHA) 

what are the antibodies in cold type? IgM antibodies (30% of AIHA) 

what are drugs that can induce 
autoimmune hemolytic anemias? 

penicillin(type II hypersensitivity), 
quinidine (type III), and methyl dopa 

clinical findings in autoimmune 
hemolytic anemia? 

jaundice, raynauds in cold, 
hepatosplenomegaly 



lab findings in autoimmune hemolytic 
anemia? 

+ direct combs test (detects RBCS with 
IgG or C3b), indirect coombs, 

hemoglobinuria, decreased haptoglobin 

smear findings in autoimmune 
hemolytic anemia? normocytic anemia, spherocytosis 

causes of microangiopathic anemia? 

platelet thrombi (hemolytic uremia syn, 
thrombotic thrombocytopenic 

purpura),& Fibrin thrombi (DIC, HELLP 
syndrome) 

causes of macroangiopathic anemia? aortic stensis or prosthetic heart valves 

lab findings in angiopathic hemolytic 
anemias? 

normocytic, hemoglobinuria (if long 
enoough can cause Fe def), decreased 
haptoglobin, schistocytes in peripheral 

blood 

Malaria is caused by what type of 
misquito? female anopheles misquito 

clinical findings in malaria? 
fever when RBCs rupture 

intravascularly (prominent over 
extrasvascular), splenomegaly 



smears in malaria? organisms in RBC 

3 types of plasmodium and fever 
patterns? 

plasmodium vivax-48 hours 
plasmodium falciprium-daily spikes NO 

pattern 
plasmodium malariae-72 hours 

Stimuli for EPO: hypoxemia, left-shifted OBC, high 
altitude 

Unconjugated bilirubin: end product of heme degradation in 
macrophage 

Microcytic anemias: defects in the synthesis of Hb (heme + 
globin chains) 

Hepcidin: increase macrophage iron stores 

Sideroblastic anemia: defect in heme synthesis in the 
mitochondria; ringed sideroblasts 



Pyridoxine deficiency: INH most common cause 

Intestinal conjugase: inhibited by phenytoin 

Monoglutamate reabsorption: inhibited by alcohol and oral 
contraceptives 

Homocysteine: folate (most common) and vitamin B12 
deficiency 

Thymidylate synthase: inhibited by 5-fluorouracil 

Dihydrofolate reductase: inhibited by methotrexate, trimethoprim 

Vitamin B12: odd chain fatty acid metabolism 



Increase in methylmalonic acid: most sensitive test for vitamin B12 
deficiency 

Extravascular hemolysis: macrophage phagocytosis; 
unconjugated hyperbilirubinemia 

Intravascular hemolysis: decrease serum haptoglobin; 
hemoglobinuria 

Hereditary spherocytosis: 

intrinsic defect, extravascular 
hemolysis. mutation in ankyrin in cell 
membrane. Increase RBC osmotic 

fragility 

Aplastic crisis: parvovirus induced 

PNH: loss of anchor for DAF. Intrinsic defect, 
intravascular hemolysis 

Sickle cell anemia: intrinsic defect, extravascular 
hemolysis 



Howell-Jolly bodies: sign of splenic dysfunction 

G6PD deficiency: 
intrinsic defect, primarily intravascular 
hemolysis. oxidant damage with heinz 

bodies and bite cells 

PK (Pyruvate kinase) deficiency: 
intrinsic defect, extravascular 

hemolysis. increase 2, 3-BPG right-
shifts OBC 

Immune hemolytic anemia: autoimmune warm type most common 
cause 

IgG-mediated: extravascular hemolysis; spherocytosis 

Complement-mediated: intravascular or extravascular 
hemolysis 

IgM-mediated: intravascular or extravascular 
hemolysis 



DAT: most important marker of immune 
hemolytic anemia 

Malaria: intravascular hemolysis correlates with 
fever spikes 

Hereditary spherocytosis: 
Defect in ankyrin; Extravascular 

hemolysis. Increased osmotic fragility; 
Rx with splenectomy 

Hereditary elliptocytosis: Defect in spectrin 

Paroxysmal nocturnal hemoglobinuria: 
Loss of anchor for DAF in myeloid stem 

cell; Complement destruction; 
Intravascular hemolysis. Pancytopenia 

Sickle Cell Anemia: Valine substitution for glutamic acid B-
globin chain; Extravascular hemolysis 

G6PD deficiency: 
Deficiency GSH causes oxidant 

damage to Hb and RBC membrance; 
Intravascular hemolysis. Heinz body 



Pyruvate kinase deficiency: 

decrease ATP synthesis. Increase 2,3-
BPG right shifts OBC; Dehydrated 

RBCs with thorny projections 
(echinocytes) 

Acute blood loss: loss of whole blood. decrease Hb, Hct, 
RBC count 

Warm AIHA: 
IgG with or without C3b; Extravascular 

hemolysis. Positive direct Coombs' 
test; SLE most common cause 

Cold AIHA: 
IgM with C3b; Extravascular or 

intravascular hemolysis. Association 
with Mycoplasma pneumoniae; EBV 

Drug-induced immune hemolytic 
anemia: 

Drug hapten, Immunocomplex, 
Autoantibody 

Drug Hapten: penicillin extravascular hemolysis 

Immunocomplex: quinidine intravascular hemolysis 



Autoantibody: methyldopa extravascular hemolysis 

Alloimmune hemolytic anemia: 
Hemolytic transfusion reaction ABO 

and Rh HDN; Positive direct Coombs' 
test 

Micro and macroangiopathic hemolytic 
anemia: 

Calcific aortic stenosis; Chronic 
hemoglobinuria causes iron deficiency 

Malaria: Rupture of RBCs corresponds with 
fever 

Target cells 
increased RBC membrane. 

Hemoglobinopathies, thalassemia, liver 
disease. 

Acanthocytes Irregular spicules on surface. 
Abetalipoproteinemia 

Spherocytes Decreased RBC membrane. No central 
area of pallor. Spherocytosis 



Schistocytes RBC fragments. Microangiopathic 
hemolytic anemia, trauma 

Bite cells RBC with removed bits of cytoplasm. 
G6PDH deficiency. 

Sickle cells Sickle cell anemia 

Howell-Jolly bodies 
Remnants of nuclear chromatin. 

Severe anemias or patients without 
spleen 

Ring sideroblasts Trapped iron in mitochondria. Prussian-
blue stain. Sideroblastic anemia 

Heinz bodies Denatured Hb. G6PDH deficiency 

Basophilic stipling RNA remnants. Lead poisoning 



Hypersegmented neutrophil Megaloblastic anemia 

EPO stimuli Low SaO2 (hypoxemia, anemia < 
7gm/Dl, left shifted O2 curve 

Reticulocytes 

Immature RBC with no nucleous and 
bluish color in peripheral blood indicate 

effective erithropoiesis. Require 24 
hours to become mature. 

Reticulocyte normal and corrected 
count 

Normal reticulocyte count is 1.5%. 
Corrected count is Hct/45 * reticulocyte 
count. >3% --> marrow responds well. 

<3% marrow is not well. If 
polychromasia (shift cells) divide 

corrected count by two because shift 
cells take double the time to mature 

Signs of anemia Palpitations, dizziness, angina, pallor, 
weakness 

Hypochromic RBCs Increased central pallor 

MCV < 80 Iron deficiency, thalassemia, AOD, 
Sideroblastic 



MCV 80-100, low reticulocyte count Marrow failure, aplastic anemia, 
leukemia, renal failure, AOD 

MCV 80-100, high reticulocyte count Sickle cell, G6PDH deficiency, 
spherocytosis, AIHA, PNH 

MCV > 100 Folate or B12 deficiency 

Causes of iron deficiency anemia 

Ulcers, menstrual bleeding, left colon 
cancer, elderly and poor children, 

malabsorption, gastrectomy, 
hookworm, Plummer-Vinson 

Low serum iron, % saturation and 
serum ferritin with high TIBC Iron deficiency anemia 

Low serum iron, TIBC and % saturation 
with high serum ferritin AOCD 

High serum iron, serum ferritin and % 
saturation with low TIBC Sideroblastic anemia 



AOCD 

Iron is trapped in bone marrow 
macrophages due to high levels of IL-1 

and lactoferrin. High ferritin and low 
TIBC. 

HbA α2β2 

HbF α2γ2 

Hb Barts γ4 

HbH β4 

α-thalassemia 

Carrier has one α gene deletion, 
asymptomatic. Α-Thal trait has two 

deletions. HbH disease three deletions 
with high HbH and Heinz bodies. 

Hydrops fetalis, four deletions, lethal, 
high Hb Barts 

β-thalassemia 

Minor, asymptomatic, 8% HbA2 and 
5% HbF. Major - develop symptoms 6 

months after birth as HbF declines, 
jaundice, bilirubin gallstones, 

secondary hemochromatosis due to 
life-long transfusions, CHF, crecut skull 
x-ray, target cells. 90% HbF and HbA2 



HbA2 α2δ2 

Lead poisoning anemia 

Sideroblastic anemia. Lead denatures 
ferrochelatase, ALA dehydrse and 
ribonuclease (coarse basophilic 

stipling). Ringed sideroblasts and 
basophilic stipling. Lead colic, 

peripheral neuropahty, cerebral edema, 
learning disabilities, bone in epiphysis 
on x-rays. high serum Pb, high urine δ-

ALA, high serum iron, ferritin and 
%saturation with low TIBC. Risk fators: 

Pb paint, battery factory, pottery 
painter. 

Iron overload anemia 

Sideroblastic anemia with ringed 
sideroblasts. Alcoholism (MCC), 

pyridoxine deficiency (required by ALA 
synthase), isoniazid treatment. High 
serum iron, % saturation, ferritin and 

decreased TIBC. 

Factors that induce and prevent 
sickling 

Deoxygenation of Hb/right shifting 
dissociation curve (acidosis), 
increasing HbS concentration 

(dehydration), low O2 tension (altitude 
and renal medulla). HbF left shifts 

dissociation curve and prevent sickling 
(hydroxeurea Rx) 

Pathophysiology of sickle cell disease 

Valine subsitutes glutamic acid in 
position 6 of β Hb chain causing 
sickling and thrombi that occlude 
vessels (painful crisis), hand-foot 

swelling, autosplenectomy with Howell-
Jolly bodies and increased risk of 

infections by encapsulated orgainsms, 
Salmonella osteomyelitis, parvovirus 

B19 aplastic crisis. 



Pathophysiology of G6PDH deficiency 

Mutation causes defective protein 
folding with low G6PDH activity and 
low levels od reduced gluthathione 

needed to neutralize ROS. Oxidative 
stress, oxidative drugs (primaquine, 

sulfonamides, anti-TB), bacterial 
infections and fava beans cause red 

cell damage and hemolysis with Heinz 
body formation (seen with methylene 

blue or crystal violet stains) 

Pathophysiology of spherocytosis 

Spectrin defect with decrease in RBC 
membrane leads to circular RBCs 

which are removed by macrophages in 
the spleen (extravascular hemolysis). 
Triad of anemia, splenomegaly and 

jaundice with risk of bilirubinate 
gallstones. Increased osmotic fragility 

test. 

Pathophysiology of AIHA 

IgG autoantibodies against Rh antigens 
on RBC with macrophage removal in 

spleen cause splenomegaly. 
Differentiate from hereditary 

spherocytosis with positive direct 
Coombs test 

Pathophysiology of PNH 

Low levels of decay accelerating factor 
(DAF) are not able to normally inhibit 

C3 convertase with increased 
sensitivity of cells to complement lysis. 
Slow breathing at night (retains CO2) 
and exercise produce acidosis which 
activates the complement system with 

pancytopenia and increased risk of 
aplastic anemia, leukemia and venous 

thrombosis 

Direct Coomb's test 
Detects IgG or C3 on surface of RBCs. 
Positive in AIHA, negative in hereditary 

spherocytosis. 



Indirect Coomb's test Detects autoantibodies in the serum. 
Often positive in AIHA 

Pathophysiology of microangiopathic 
hemolytic anemia 

RBCs are damaged by calcium in 
stenotic valves (aortic stenosis MCC), 
fibrin clots in DIC and platelet plugs in 

ITP and HUS. Presence of 
schistocytes. 

Sites for reabsorption of iron, folate and 
B12 

Iron: duodenum (Bilroth II, vitamin c 
deficiency and malabsorption 

syndromes produce deficiency). Folate: 
jejunum (contraceptives and alcohol 
decrease absorption). B12: terminal 

ileum (pernicious anemia, Crohn's and 
terminal ileum resection decrease 

absorption) 

Pathophysiology of megaloblastic 
anemia 

Methyl THF is needed to make 
methylcobalamine to convert 

homocysteine into methione by 
methylTHF-homocysteine methyl 

transferase (requires cobalamine). 
Methylene THF is required by 

thymidilate synthetase to make nucleic 
acids. B12 is needed by methylmalonyl 

CoA mutase to make succinyl 
CoA.Tetrahydrofolate is made by 

dihydrofolate reductase (blocked by 
methotrexate and trimethropin). 

Deficiency of folate or B12 produces 
megaloblastic anemia with 

hypersegmented neutrophils (no 
nucleic acid synthesis), homocystinuria 

and methylmalonic aciduria. 

Causes of folate deficiency 

Alcoholism (not beer), pregnancy, 
methotrexate, trimetrhoprim, phentoyn, 

birth control pills, celiac disease, 
leukemia 



Causes of B12 deficiency 

Pernicious anemia, pure vegan diet, 
Crohn's disease, chronic pancreatitis 

(cant cleave R factor from saliva which 
protects B12), D. latum 

Schilling's test 

Non-radioactive intramuscular B12 to 
saturate transcobalamin followed by 
radioactivee oral B12. No radioactive 

B12 detected in 24h urine confirms B12 
absorption deficiency. Correct with 
intrinsic factor (pernicious anemia), 

pancreatic enzymes (chronic 
pancreatitis) or antibiotics (bacterial 

overgrowth) 

formula for calculating corrected 
reticulocyte count 

corrected reticulocyte count = (actual 
Hct/45) x reticulocyte count. 45 = 

normal Hct 

Corrected reticulocyte count at or 
above 3% and rct ct below 3% 

above 3% = effective erythropoeisis; 
below 3% poor bone marrow response 

to anemia 

Extramedullary hematopoiesis 

liver and spleen: pathogenesis = 
intrinsic bone marrow dz 

(myelofibrosis); accelerated 
erythropoiesis (severe hemolysis in 

sickle cell dz (radiograph shows "hair 
on end" appearance) 

anemia in pregnancy not a "true anemia" = plasma volume is 
x2 > than RBC mass (dilutional effect) 



MCV values for micro/macrocytic 
anemias 

microcytic (<80um3)  
normocytic (80-100um3) macrocytic 

(>100um3) 
(average volume of RBCs) 

dec MCHC (mean corpuscular 
hemoglobin concentration) 

dec: decreased synth of Hb (microcytic 
anemias) --> central area of pallor 

greater than nl. 

inc MCHC 
correlates with presence of spherical 

RBCs (hereitary sperocytosis); no 
central area of pallor 

RDW (RBC distribution width) variation in size of RBCs in peripheral 
blood = anisocytosis 

inc RDW 

RBCs not uniform in size; iron 
deficiency = only microcytic anemia 

with an increased RDW due to a mix of 
normocytic and microcytic RBCs 

end product of heme degradation in 
macrophage unconjugated bilirubin 

serum TIBC 

concentration of transferrin (inc 
transferrin and TIBC present in iron 
deficiency) (dec in transferring and 
TIBC in ACD and iron overload dz) 



Iron saturation (%) represents the percentage of sites on 
transferrin occupied by iron 

Microcytic anemias 

Iron deficiency, anemia of chronic Dz, 
thalassemia (a and b), sideroblastic 
anemia. MCV <80 = defects in the 

synthesis of Hb (heme+globin chains) 

Macrocytic anemias folate def; vit B12 (cobalamin) 
deficiency 

what are HbH and Hb Bart and what 
are they assoc w? 

HbH = 4 B Hb chains; Hb Bart = 4 
gamma chains (incompat w/ life) assoc 

w/ alpha thal 

Beta thal minor (B/B+) v. B-thal major 
(Cooley's anemia; B0/B0) 

Beta thal minor = mild microcytic 
anemia; mild protective effect against 
malaria, dec HbA; Beta thal major = 
severe hemolytic anemia; inc unconj 

bilirubin; no syth of HbA 

Sideroblastic anemia 

defect in heme sythesis in the 
mitochondria; ringed sideroblasts; 

alochol MCC = a mitochondrial toxin; 
B6 def (isoniazid therapy) 

histo of lead poisoning 

ringed sideroblasts and coarse 
basophilic stippling (Pb denatures 

enzymes = Ferrochelatase, 
Aminolevulinic acid, Ribonuclease) 



Fanconi's syndrome 

lead poisoning --> renal tubule 
damage: proximal renal tubular 

acidosis, aminoaciduria, phosphaturia, 
glucosuria 

phenytoin and anemia 
Phenytoin inhibits intestinal conjugase - 
inhibits folate absorbtion --> pernicious 

anemia (macrocytic) 

Alcohol and oral contraceptives and 
anemia 

reabsorption of folate inhib -> 
macrocytic anemia 

homocysteine and folate deficiency 

deficiency of folate is most common 
cause of inc serum homocysteine in 

US. Homocysteine damages 
endothelial cells leading to vessel 

thrombosis. 

Most sensitive test for B12 def inc methylmalonic acid 

Pancytopenia, oval macrocytes, 
hyperseg neutrophils B12 or folate def 

pernicious anemia lack of IF 



what test is used to localize B12 def Schilling test 

dec maternal intake folate: inc risk for NT defects 

Normocytic anemias acute blood loss, early iron def, anemia 
of chronic disease, chronic renal failure 

Anemia of chronic renal failure dec EPO MCC 

Hemolytic anemias: intrinsic and 
extrinsic 

intrinsic - defect in RBC (membrane 
def, abn Hb, enzyme def) 

extrinsic - outside RBC (stenotic aortic 
valve, immune destruction) 

Extravascular hemolysis - macrophage 
phagocytosis, unconjugated 

hyperbilirubinemia 

RBCs coated by AgG w or w/o C3b, 
abn shaped RBCs; inc LDH from 

hemolyzed RBCs 

Intravascular hemolysis 

enzyme def (def of G6PD), mechanical 
damage (aortic valve), - 

hemosiderinuria (renal tubules convert 
iron in Hb to hemosiderin); dec 

haptoglobin, inc LDH 



Hereditary Spherocytosis 
intrinsic defect, extravasc hemolysis; 
mut in ankyrin in cell membrane; inc 

RBC osmotic fragility 

Hereditary elliptocytosis defective spectrin and band 4.1 

Paroxysmal nocturnal hemoglobinuria 

mutation in multipotent myeloid stem 
cell - loss of anchor for decay 

accelerating factor (normally, DAF 
neutralizes complement attached to 

RBCs, Neutrophils, platelets. Intrinsic 
defect, intravascular hemolysis (occurs 

at night becauseresp acidosis 
enhances complement attachment to 

these cells) 

Sickle cell anemia 
intrinsic defect, extravascular 

hemolysis; sickle cell trait (HbAS) - no 
anemia 

HbF prevents sickling of cells 

Dactylitis 
painful swelling of hands and feet in 
infants due to bone infarcts in sickle 

cell 



Howell-Jolly bodies 

sign of splenic dysfunction - in HbSS - 
autosplenectomy by age 2 - spleen 
fibrosed and diminished in size in 

young adults 

Sickle cell susceptibility to encapsulated bacteria 

Heinz bodies and bite cells G6PD deficiency; intrinsic defect, 
intravascular hemolysis 

G6PD deficiency 

no glutathoine, which usu neutralizes 
hydrogen peroxide --> oxidizes Hb --> 
heinz bodies --> in spleen - removes 

heinz body = bite cell 

RBCs with thorny projections 
(echinocytes) Pyruvate kinase deficiency 

most common cause of autoimmune 
hemolytic anemia SLE 

warm AIHA v Cold AIHA warm - IgG, cold - IgM 



Coombs' test (DAT) most important marker of immune 
hemolytic anemia 

Achlorhydria, anti-intrinsic factor, 
antiparietal cell abs, inc incidence of 

gastric carcinoma 

pernicious anemia - autoimmune 
gastritis - failure of production of IF 

lemon-yellow skin color, somatitis, 
glossitis, demyelination of posterior and 

lateral cell columns 
pernicious anemia 

Abnormal Schillings test not correcte 
by IF 

intestinal malabsorption - Crohns dz, 
blind loops syndrome, and giant 

tapeworm infestation 

TIBC in anemia of chronic disease characteristically decreased 

TIBC in iron deficiency anemia increased 

anemia, leukopenia, thrombocytopenia pancytopenia in aplastic anemia 



substances that can cause aplastic 
anemia 

benzene, chloramphenicol, alkylating 
agents 

Myelophthisic anemia replacement of BM, often by a 
malignant neoplasm 

Heterophile+ infectious mononucleosis 

EBV invades B lymphocytes via CD21 
receptors with atypical CD8 response, 

lymphocytosis and paracortex 
hyperplasia Fever, sore throat (gray-

white membrane on tonsils) and tender 
lymphadenopathy 

Heterophile- infectious mononucleosis Cytomegalovirus 

Paul-Bunnell monospot test reaction 
IgM (heterophile) antibodies against 

EBV react with sheep red blood cells - 
postivie monospot test 

Characteristics of acute 
lymphadenopathy 

Tender focal lymphadenopathy = 
bacterial. Generalized tender 

lymphadenopathy = viral 

Characteristics of chronic 
lymphadenopathy 

Non-tender follicular hyperplasia 
(rheumathoid arthritis, toxoplasmosis, 

leukemia). Non-tender paracortical 
hyperplasia (viruses, drugs, SLE, 

leukemia). 



Leukemoid reaction Vs. leukemia 

Leukemoid reaction lacks blast and has 
elevated leukocyte alkaline 

phosphatase (LAP) (TB, whooping 
cough). Chronic myelogenous 

leukemia has low LAP. 

General signs and symptoms of 
leukemia 

Normo anemia, thrombocytopenia, 
leukocytosis or leukopenia, blast cells 
(>30%=acute), generalized non-tender 

lymphadenopathy, 
hepatosplenomegaly, bone pain and 

fever 

Pre-B ALL Age < 15. Tdt+, CALLA+, cytoplasmic 
mu+ 

Mature B ALL Age < 15. Surface Igs present 

B cell CLL 
Age > 60. 95% of CLL cases. 

Differentiated cells are CD19+, CD20+, 
CD23+, CALLA- 

T cell CLL 
Age > 60. Mature T cell markers and 

hypogammaglubulinemia. 
Lymphocytosis and neutropenia 

Adult T cell leukemia 

Caused by HTLV-1 retrovirus. 
Leukemia sypmtoms and signs wih lytic 

bone lessions and hypercalcemia 
(osteoclast activating factor) 



AML 

15-60 years. Myeloblast proliferation. 
Auer rods are pathognomonic of 
myeloblasts. T(15;17). Abnormal 

retinoic acid receptor. Rx.: retinoic acid 

CML 
15-60 years. Pluripotent cell 

proliferation. Philadelphia chromosome 
t(9;22). All cells increased with low LAP 

PRV 

Increased erythroid precursors, 
hematocrit and viscocity. Decreased 

EPO. Normal SaO2. Increased 
basophils with histamine release 

(pruritus, gastric ulcers), plethora and 
cyanosis. 

Follicular B-cell lymphoma 

MC lymphoma. B lymphocytes. 
t(14;18), Chr 14 has immunoglobulin 
heavy chain genes, chr 18 has bcl-2 
gene (normally inhibits apoptosis). 

Burkitt's lymphoma 
MC lymphoma in children. Starry-sky. 

t(8;14). African affects mandible, 
american affects abdomen 

Mycosis fungoides CD4 T-cells. Generalized prutitic 
erythematous rash. PAS+ 

Histiocytosis X In children. Histiocytes are CD1+ 



Hodgkin lymphoma 
Reed-Sternberg cells are CD15+, 

CD30+. Fever, night sweats, weight 
loss, localized lymphadenopathy 

Multiple myeloma 

Neoplasm of plasma cells. Anemia, 
bone pain, pathologic fractures, 

hypercalcemia, renal failure, light-chain 
amyloids (Bence-Jones protein). 

t(15;17) AML translocation 

t(9;22) 
CML philadelphia chromosome 

translocation. Forms a protein with 
tyrosine kinase activity 

t(14;18) Follicular B-cell lymphoma 
translocation 

t(8;14) Burkitt's lymphoma translocation 

what part of the LN are the B cells in germinal follicles 



what part of the LN are the T cells in paracortex 

when do you see generalized painless 
lymphadenopathy 

seen in systemic disease 
 

ex: SLE, infectionus mono 

when do you see localized painless 
lymphadenopathy 

malignancy- nodes draining primary 
cancer sides (breast-> axillary nodes)  

 
Hodgkins Lymphoma (usually 1 

cervical and 1 mediastinal) 

painless generalized lymphadenopaty 
malignacy, systemic: Metastasis of 

leukemia (think CLL) or follicular B cell 
Lymphoma (indolent in nature) 

malignancy involving cervical LN Hodgkins, Metastatic head tumors 
(larynx, thyroid, nasopharynx) 

L sided supra-clavicular LN 
malignancies 

(virchow's nodes) 
metastatic abdominal cancers 

R sided supra-clavicular LN 
malignancies 

metastatic lung and esphageal 
cancers, Hodgkins 



Axillary LN malignancies Breas cancer 

Hilar LN Maligancies metastatic lung cancer 

Mediastinal LN malignancies metastatic lung cancer, Hodgkins, T 
cell lymphoblastic lymphoma 

para aortic LN malignancies metastatic testicular cancer, Burkitt's 
Lymphoma 

Inguinal Malignancies Metastatic vulvar and penis cancers 

cell type of NH Lymphoma 85% B-cell origin- derive from germinal 
follicle. 

Lymphoma associated with EBV Burkitt's Lymphoma (Aggressive) 



what is the translocation in follicular 
lymphoma? 

t(14:18)- results in overexpresion of 
BCL2 (an anti-apoptotic gene) 

nodal involvement in nodular sclerosing 
Hodgkin's Lymphoma 

anterior mediastinal + cervical or 
supraclavicular 

neoplastic cell of Hodgkin's Lymphoma 
and cellular markers 

CD15 and CD30 are present on Reed 
Sternberg cells 

diagnosis of Hodgkins Lymphoma 
RS cells with a background of reactive 

cells (eosinophills, plasma cells, 
histiocytes) 

differences in distribution of NH 
Lymphoma and Hodgkins 

Hodgkins has localized LN involvement 
while NHL has generalized LN 

involvement 

clinical "B" signs of hodgkins dz and 
other clinical sign 

fever, weight loss >10%, night sweats  
 

non B sign: puritis 

type of anemia in Hodgkins Lymphoma Normocytic anemia 



typical staging for Hodgkins Lymphoma 
I or II: usually stays above diaphragm 

I- one site (mediastinal or cervical) 
II- 2 sites 

malignant complications in treatment of 
Hodgkin's Lymphoma radiation may lead to AML or NHL 

CD1+ cells that contain Birbeck 
granules Histiocytes 

in what type of Lymph malignancy is 
skin involvement common? Malignant Histiocytosis (histiocytosis X) 

signs of mast cell disease puritis, swelling, hyperpigmentation 

define Bence Jones protein Ig light chains in urine 

what age is multiple myeloma seen in? elderly- rarely seen under 40 



what protein spike is seen in Multiple 
Myeloma 

M-spike 
Usually IgG kappa followed by IgA 

bone marrow findings in multiple 
myeloma plasma cells > 10 % of cells 

bone findings in multiple myeloma lytic lesions (punched out), pathologic 
fractures, hypercalcemia 

multiple myeloma "crab" 

hyperCalcemia 
Renal failure 

Anemia 
Bone destruction/pain 

2 ways kidneys are damaged in 
multiple myeloma 

acutely from hypercalcemia 
tubular epithelium is damaged by BJ 

proteins 

smear findings in multiple myeloma rouleauz formations 

most common cause of death in 
multiple myeloma recurrent infections 



MUGS 
asymptmatic IgG M spike 

plasma cells in bone marrow < 3% 
no BJ proteins or CRAB symptoms 

epidemiology of Waldenstrom's 
macroglobulinemia elderly, male-dominant disease 

Waldenstrom's Triad 

result of hyperviscocity from increased 
IgM 

1. Bleeding (platlet ag defects) 
2. Visual changes (retinal hem) 
3. Neurologic changes (stroke) 

what cell cause Waldenstrom's 
macroglob? neoplastic lymphoplasmocytoid B cells 

LN involvement in Waldenstrom's vs 
Multiple Myeloma 

generalized Lymphadenopathy in 
Wald. not present in MM 

most common monoclonal 
gammopathy MUGS 

evidence of splenic dysfunction on 
peripheral smear howell-jolly bodies (nuclear remnants) 



infection risk increases with 
splenectomy; why? 

concentration of IgM and C3b drops 
leading to 

decrease in complement activation 
(IgM) 

decreased opsonization (C3b) 

Pathogens patients susceptible to with 
splenectomy Hflu, strep, Salmonella 

most common cause of splenomegaly 
in developing countries? malaria 

BJ renal disease proteinaceous casts with 
multinucleated giant cell reaction 

What substances accumulate in B12 
deficiency? Folate? 

Homocysteine and Methylmalonyl Co-A 
for B12 

 
Only homocysteine for folate 

Clinical manifestations of B12 
deficiency? 

Atrophic glossitis, 
proprioception/motor/equilibrium 

defects, psychosis 

Most common cause of folate 
deficiency? Other causes 

Insufficient intake (smaller stores and 
greater need than B12) 

 
Also increased need (pregnancy, 
hemolysis), impaired use (drugs), 
decreased absorption (celiac, anti-

convulsants) 



Hypersegmented neutrophils B12 or folate deficiency 

Difference between hemoglobinopathy 
and thalassemia 

Hemoglobinopathy: abnormal globin 
chains (i.e. sickle cell); qualitative  

 
Thalassemia: decreased production of 

normal globin chains; quantitative 

Symptom/sign of HbM 
(methemoglobin) Cyanosis 

Hemoglobin variants that can cause 
thalassemic phenotype HbE, Hb Lepore 

Hb H 

Tetramers of beta globin=HbH (shows 
up on electrophoresis) 

 
Alpha thal with 3 alpha globin genes 

deleted (thalassemia intermedia) 

Hb Bart's 

Tetramers of gamma globulin (shows 
up on electrophoresis) 

 
Alpha thal with all 4 alpha globin genes 

deleted (fatal, hydrops fetalis) 



Acute intermittent porphyria 
 

Genetics? 
Precipitated by? 

Symptoms? 
Lab findings? 

Autosomal dominant (more common in 
women) 

 
Can be precipitated by use of certain 

drugs 
 

Abdominal pain, fever, nausea, 
vomiting, constipation, peripheral 

neuropathy, paralysis, pysch symptoms 
(agitation, depression, paranoia, visual 

hallucinations) 
 

Labs: Leukocytosis, high 
porphyrobilogen 

Treatment for beta thal major? 
intermedia? minor? 

Major (B0/B0 or B0/B+) RBC 
transfusions for severe anemia (iron 

chelation), H/Smegaly, prophylaxis for 
infections, bone marrow transplant 

 
Intermedia (B+/B+ or B+/B0) 

occasional RBC transfusion for 
moderate anemia 

 
Minor (B0/B or B+/B) none needed 

Mutation causing HbS Missense mutation at 6th aa (Glu>Val) 

HbC molecular pathology 

Missense mutation for 6th aa in beta 
globin (Glu>Lys) 

 
Less severe than HbS, target cells, can 

promote sickling 

HbE molecular pathology 

Missense mutation for 26th aa in beta 
globin (Glu>Lys) 

 
Asymptomatic/mild microcytic anemia 



What can be coinherited to decrease 
severity of sickle cell phenotype? 

1) Hereditary persistence of HbF 
(virtually asymptomatic) 

2) Beta thalassemia 

Consequences of high O2 affinity Hb 

Won't give up as much O2 in tissues--
>perceive hypoxia-->increase EPO--

>increase RBCs (may need 
phlebotomy) 

Frontal bossing, hepatoslenomegally 
(extramedullary hematopoiesis), 

profound anemia, weak bones (marrow 
expansion) 

Beta thal major 

What is the difference cause of anemia 
in thalassemias vs. sickle cell anemia? 

Thalassemia: unpaired chains 
precipitate and cause inclusions that 
are removed in spleen (extravascular 
hemolysis); inclusions also interfere 

with hematopoeisis (coinherited 
disorders that decrease unpaired 

chains decrease severity of disease) 
 

Sickle cell: chronic intravascular 
hemolysis 

Treatment for sickle cell 

1) Prophylactic penicillin 
2) Hydroxyurea (reduce frequency of 

pain crises by increasing HbF) 
3) 

How do you get iron overload in beta 
thal major? 

1) Anemia causes increased EPO 
leading to more iron absorption. 

Hemolysis in beta thal is extravascular 
(spleen) so iron is recycled and 

accumulates. 
2) Frequent transfusions 

 
Must iron chelate or else heart failure! 



How do you prevent GVHD when 
giving blood product transfusions? 

 
Who is at risk for GVHD? 

Irradiation to kill lymphocytes (cytotoxic 
T lymphocytes from donor attack host) 

 
People without cellular immunity (but 

not HIV patients; HIV will kill the donor 
T cells) 

What happens to plasma cell volume 
and RBC mass in pregnancy? 

Both increase 
 

Plasma increases more than RBCs so 
get dilutional anemia (Hb>10.5 is 

normal in T3) 

What is most common anemia in 
pregnancy in the world? What 
consequences for the fetus? 

IDA is most common (fetus has huge 
iron needs) 

 
Low birth weight and preterm delivery 

risk increases 

Do pregnant women with sickle cell 
anemia require transfusions? 

No, transfuse only if they have a pain 
crisis 

 
Note: You would not transfuse to keep 

Hb high in sickle cell, but you would 
transfuse to keep Hb>10 in 

thalassemia 
 

(Induction increases risk of pain crisis. 
Need folate b/c higher cell turn over.) 

Why is there leukocytosis in 
pregnancy/labor? 

Demargination of WBCs (physiologic 
leukocytosis) 

What is an abnormal platelet count in 
pregnancy? What are 4 causes of low 

platelet count in pregnancy? 

<100K 
 

1) Gestational (70-100K, resolves post-
partum, no treatment) 

2) ITP (<30K treat; monitor baby post-
partum) 

3) HELLP Syndrome (induce labor) 
4) DIC (amniotic fluid embolism, 
retained dead fetus, placental 

abruption) 



What is HELLP? 
 

Signs/symptoms? 
Treatment? 

H=hemolysis, EL=elevated liver 
enzymes, LP=low platelets 

 
Severe RUQ pain (liver can rupture) 

 
Induce labor ASAP 

 
Etiology unknown but occurs in 10% 

patients with preeclampsia (liver 
microinfarcts, hepatic congestion) 

Pre-eclampsia 

Nephrotic syndrome, HTN, edema 
(10% get HEELP) 

 
(put patient in left lateral decubitus to 

increase renal perfusion) 

Eclampsia Tonic-clonic seizures on top of pre-
eclampsia 

How does pregnancy affect elements 
of Vichow's Triad? 

 
When is risk of thrombosis greatest? 

Hypercoaguability: decreased 
anticoags (protein S, ATIII), aquired 
APC-resistance, increase clotting 

factors (fibrinogen, F8) 
 

Stasis: compress IVC 
 

Vessel wall damage: damage pelvic 
vessels peripartal 

 
Greatest risk is 3 mo post-partum 

How do you prevent miscarriage in 
woman with anti-phospholipid antibody 

syndrome? 

Prophylactic heparin + aspirin 
 

(Don't give Warfarin b/c teratogen) 



Malignancy in pregnancy: when should 
you treat with chemo? 

Try to wait til 2nd trimester 
(organogenesis in 1st) for 

Hodgkins/NHL. Cannot delay treatment 
for acute leukemia. 

Which type of lymphocyte is usually 
most prevalent in blood? Which is the 

most common neoplasm? 

T cells usually 80% of lymphocytes 
 

B cell neoplasms more common 

Which leukemia/lymphoma can have 
warm autoimmune hemolytic anemia? 
What unusual cell type would you see? 

CLL/SLL (direct Coomb's positive) 
 

AIHA causes spherocytes 

Smudge cells on peripheral smear CLL/SLL 

Chronic lymphoproliferative disorders 
(in blood): 

 
Which are B cell? T cell? 

B cell: 
CLL 

Hairy cell 
Plasma cell prolif. disorders (MM, 

amyloidosis, Walenstrom, etc.) 
(Leukemic phase of HL/NHL) 

 
T cell: 

Large Granular Lymphocyte Leukemia 
Adult T cell leukemia 

Sezary syndrome (when mycosis 
fungoides cells get in blood) 

Labs for CLL 

Hypogammaglobulinemia (increased 
infections) 

Warm AIHA (IgG) (leads to 
extravascular hemolysis: increase 

retics, LDH, indirect bilirubin) 



Prognosis for CLL 

1/3 indolent course 
1/3 progress to aggressive course 
1/3 present in aggressive phase 

 
(17p deletion, CD38 & ZAP-70 positive 

worsen prognosis) 

Cells have fried egg appearance in 
spleen/BM. Treat with purine 

analogues (Cladribine, Pentostatin) for 
remission. 

Hairy cell leukemia 

Mycosis Fungoides extension into 
blood 

Sezary syndrome (atypical CD4+ 
helper T cells) 

Associated with HTLV-1 retrovirus. 
Hypercalcemia and lytic bone lesions. Adult T-cell leukemia/lymphoma 

T cell lymphomas 
 

Which 2 are CD4 helper T cells? 
Which one is CD8? 

CD4: MF/Sezary, Adult T cell 
leukemia/lymphoma (ATLL) 

 
CD8: T-LGL 

Germinal center B cell malignancy, 
contiguous spread (usually starts in 

cervical node), bimodal age distribution 
Hodgkins lymphoma 

Clinical manifestations of Hodgkins 

B symptoms (night sweats, fever, 
weight loss) 

Pruritis 
Alcohol induced LN pain 

SVC syndrome (mediastinal mass 
compresses SVC) 

Painless LN enlargement (exp. 
neck/axilla) 



Destruction of LN architecture 
(fibrosis), RS cells, reactive cell 

background 
Hodgkins lymphoma 

Neoplastic cell of nodular sclerosing HL Lacunar RS cell (area of white clearing 
around nucleus) 

L&H cell 

aka Popcorn cell 
 

Lymphocyte predominant subtype of 
Hodgekins lymphoma 

Non-classical Hodgkin's lymphoma; 
excellent prognosis but frequent 

relapses 

Lymphocyte predominant (popcorn 
cells, aka L&H cells) 

 
LPHL has CD20+, CD45+ 

Classical HL has CD15+, CD30+ 

What is important in determining 
prognosis of Hodgkins lymphoma? 

Stage 
 

Stage 1= single LN 
2=2 or more LNs on same side of 

diaphragm 
3=LN on both sides of diaphragm 

4=extra-lymphatic site (BM, liver, etc) 
 

Stage A=no symptoms 
Stage B=one of the B symptoms (fever, 

weight loss, night sweats) 

ABVD treats what? 
 

Complications? 

Chemo to treat Hodgkins lymphoma 
 

Increased risk of leukemia later 



Chronic lymphoproliferative disorder 
Lymphoid neoplasm arising in BM or 

blood (not quite as defined as 
leukemia) 

HL vs. NHL 
 

Which is more common? Which is 
more curable? 

NHL is 70% lymphomas 
HL is more curable 

CD5- and CD10- B cell lymphoma Marginal cell and hairy cell 

Proliferation centers, CD5+ and CD23+ 
B cell malignancy CLL/SLL 

Gastric H. pylori can cause which 
lymphoma? 

B-MALT lymphoma 
 

Extranodal Marginal Zone Lymphoma 
of mucosal associated tissue. Treat H. 

pylori and will probably resolve. 

Lymphomatous polyposis (GI tract) can 
occur, CD5+, CD23- 

Mantle cell 
 

t(11;14) 

Endemic form presents as mass in jaw 
in African children. Sporadic most 

commonly in abdomen 
Burkitt's lymphoma 



TdT is usually a marker of ALL (can be in AML sometimes) 

Age of onset of leukemias? 
 

0-14? 
15-39? 
40-59? 
>60? 

0-14: ALL (B more common) 
15-39: AML 

40-59: AML, CML (differentiate by 
>30% blasts or Philadelphia chr) 

>60: CLL 

Prognosis for NHL determined by what 
score? 

IPI (high score=bad prognosis) 
 

APLES 
Age >60 

Performance status >1 
LDH>1 

Extranodal 
Stage 3 or 4 

What is untreated survival for the 
following? Prognosis with treatment? 

 
Follicular NHL 

Diffuse Large B cell NHL 
Burkitt's 

Follicular: years, no curative treatment 
but indolent 

DLBCL: weeks/months, good 
prognosis with treatment 

Burkitts: days/weeks, good prognosis 
with treatment 

Cell types in the cortex of lymph node 

B cells 
 

Primary follicles: B cells not exposed to 
antigen (no germinal center) 

Secondary follicle: has germinal center 
with B cells that have been exposed to 
antigen and present antibodies to be 

"picked" T cells 

Cell types in paracortex of lymph node 

T cells 
 

(region between cortex and medulla; 
increases in size during cellular 

immune response like TB/virus/fungi) 



Cell types in medulla of lymph node Cords=plasma cells 
Sinuses=macrophages 

Causes of follicular lymphoid 
hyperplasia 

(B cell response) 
 

Bacterial infection (except 
mycobacteria/brucella), toxoplasma 

gondii, CMV, HIV 
 

(not EBV, this infects B cells but T cells 
proliferate and respond) 

Causes of paracortical lymphoid 
hyperplasia 

EBV, dermatopathic lymphadenopathy, 
drug rxn (phenytoin), SLE, 

granulomatous lymphadenitis 
(mycobacteria, fungi) 

Cyclophosphamide 
 

Mechanism of action? 
Toxicities? 

DNA cross links 
 

Marrow, bladder, increased risk of 
MDS/leukemia (alkalator) 

Doxorubicin 
 

Mechanism of action? 
Toxicities? 

Topoisomerase II inhibitor, helicase 
inhibitor (like idorubicin) 

 
Cardiac (dialated cardiomyopathy) 

Oropharynx 
Marrow 

Bleomycin 
 

Mechanism of action? 
Toxicities? 

Inhibit DNA synthesis 
 

Pulmonary fibrosis 

Vincristine 
 

Mechanism of action? 
Toxicities? 

Tubulin 
 

Marrow 
Neuropathy 



Cytarabine 
 

Mechanism of action? 
Toxicities? 

Inhibit DNA synthesis 
 

Cerebellar (ataxia) 
Marrow 

Idarubicin 
 
 

Mechanism of action? 
Toxicities? 

Topoisomerase II inhibitor, helicase 
inhibitor (like doxorubicin) 

 
Marrow 
Cardiac 

Methotrexate 
 

Mechanism of action? 
Toxicities? 

Mechanism of resistance? 

1) Transported into cells on folate 
transporter 

2) Inhibits dihydrofolate reductase 
which is needed to make 

purines/pyrimidines 
 

Resistance: 
1) Diminished uptake 

2) Diminished foylpolyglutamate 
synthase 

3) Elevated dihydrofolate reductase 
4) Diminished affinity of target enzyme 

for methotrexate 

What substances accumulate in B12 
deficiency? Folate? 

Homocysteine and Methylmalonyl Co-A 
for B12 

 
Only homocysteine for folate 

Clinical manifestations of B12 
deficiency? 

Atrophic glossitis, 
proprioception/motor/equilibrium 

defects, psychosis 

Most common cause of folate 
deficiency? Other causes 

Insufficient intake (smaller stores and 
greater need than B12) 

 
Also increased need (pregnancy, 
hemolysis), impaired use (drugs), 
decreased absorption (celiac, anti-

convulsants) 



Hypersegmented neutrophils B12 or folate deficiency 

Difference between hemoglobinopathy 
and thalassemia 

Hemoglobinopathy: abnormal globin 
chains (i.e. sickle cell); qualitative  

 
Thalassemia: decreased production of 

normal globin chains; quantitative 

Symptom/sign of HbM 
(methemoglobin) Cyanosis 

Hemoglobin variants that can cause 
thalassemic phenotype HbE, Hb Lepore 

Hb H 

Tetramers of beta globin=HbH (shows 
up on electrophoresis) 

 
Alpha thal with 3 alpha globin genes 

deleted (thalassemia intermedia) 

Hb Bart's 

Tetramers of gamma globulin (shows 
up on electrophoresis) 

 
Alpha thal with all 4 alpha globin genes 

deleted (fatal, hydrops fetalis) 



Acute intermittent porphyria 
 

Genetics? 
Precipitated by? 

Symptoms? 
Lab findings? 

Autosomal dominant (more common in 
women) 

 
Can be precipitated by use of certain 

drugs 
 

Abdominal pain, fever, nausea, 
vomiting, constipation, peripheral 

neuropathy, paralysis, pysch symptoms 
(agitation, depression, paranoia, visual 

hallucinations) 
 

Labs: Leukocytosis, high 
porphyrobilogen 

Treatment for beta thal major? 
intermedia? minor? 

Major (B0/B0 or B0/B+) RBC 
transfusions for severe anemia (iron 

chelation), H/Smegaly, prophylaxis for 
infections, bone marrow transplant 

 
Intermedia (B+/B+ or B+/B0) 

occasional RBC transfusion for 
moderate anemia 

 
Minor (B0/B or B+/B) none needed 

Mutation causing HbS Missense mutation at 6th aa (Glu>Val) 

HbC molecular pathology 

Missense mutation for 6th aa in beta 
globin (Glu>Lys) 

 
Less severe than HbS, target cells, can 

promote sickling 

HbE molecular pathology 

Missense mutation for 26th aa in beta 
globin (Glu>Lys) 

 
Asymptomatic/mild microcytic anemia 



What can be coinherited to decrease 
severity of sickle cell phenotype? 

1) Hereditary persistence of HbF 
(virtually asymptomatic) 

2) Beta thalassemia 

Consequences of high O2 affinity Hb 

Won't give up as much O2 in tissues--
>perceive hypoxia-->increase EPO--

>increase RBCs (may need 
phlebotomy) 

Frontal bossing, hepatoslenomegally 
(extramedullary hematopoiesis), 

profound anemia, weak bones (marrow 
expansion) 

Beta thal major 

What is the difference cause of anemia 
in thalassemias vs. sickle cell anemia? 

Thalassemia: unpaired chains 
precipitate and cause inclusions that 
are removed in spleen (extravascular 
hemolysis); inclusions also interfere 

with hematopoeisis (coinherited 
disorders that decrease unpaired 

chains decrease severity of disease) 
 

Sickle cell: chronic intravascular 
hemolysis 

Treatment for sickle cell 

1) Prophylactic penicillin 
2) Hydroxyurea (reduce frequency of 

pain crises by increasing HbF) 
3) 

How do you get iron overload in beta 
thal major? 

1) Anemia causes increased EPO 
leading to more iron absorption. 

Hemolysis in beta thal is extravascular 
(spleen) so iron is recycled and 

accumulates. 
2) Frequent transfusions 

 
Must iron chelate or else heart failure! 



How do you prevent GVHD when 
giving blood product transfusions? 

 
Who is at risk for GVHD? 

Irradiation to kill lymphocytes (cytotoxic 
T lymphocytes from donor attack host) 

 
People without cellular immunity (but 

not HIV patients; HIV will kill the donor 
T cells) 

What happens to plasma cell volume 
and RBC mass in pregnancy? 

Both increase 
 

Plasma increases more than RBCs so 
get dilutional anemia (Hb>10.5 is 

normal in T3) 

What is most common anemia in 
pregnancy in the world? What 
consequences for the fetus? 

IDA is most common (fetus has huge 
iron needs) 

 
Low birth weight and preterm delivery 

risk increases 

Do pregnant women with sickle cell 
anemia require transfusions? 

No, transfuse only if they have a pain 
crisis 

 
Note: You would not transfuse to keep 

Hb high in sickle cell, but you would 
transfuse to keep Hb>10 in 

thalassemia 
 

(Induction increases risk of pain crisis. 
Need folate b/c higher cell turn over.) 

Why is there leukocytosis in 
pregnancy/labor? 

Demargination of WBCs (physiologic 
leukocytosis) 

What is an abnormal platelet count in 
pregnancy? What are 4 causes of low 

platelet count in pregnancy? 

<100K 
 

1) Gestational (70-100K, resolves post-
partum, no treatment) 

2) ITP (<30K treat; monitor baby post-
partum) 

3) HELLP Syndrome (induce labor) 
4) DIC (amniotic fluid embolism, 
retained dead fetus, placental 

abruption) 



What is HELLP? 
 

Signs/symptoms? 
Treatment? 

H=hemolysis, EL=elevated liver 
enzymes, LP=low platelets 

 
Severe RUQ pain (liver can rupture) 

 
Induce labor ASAP 

 
Etiology unknown but occurs in 10% 

patients with preeclampsia (liver 
microinfarcts, hepatic congestion) 

Pre-eclampsia 

Nephrotic syndrome, HTN, edema 
(10% get HEELP) 

 
(put patient in left lateral decubitus to 

increase renal perfusion) 

Eclampsia Tonic-clonic seizures on top of pre-
eclampsia 

How does pregnancy affect elements 
of Vichow's Triad? 

 
When is risk of thrombosis greatest? 

Hypercoaguability: decreased 
anticoags (protein S, ATIII), aquired 
APC-resistance, increase clotting 

factors (fibrinogen, F8) 
 

Stasis: compress IVC 
 

Vessel wall damage: damage pelvic 
vessels peripartal 

 
Greatest risk is 3 mo post-partum 

How do you prevent miscarriage in 
woman with anti-phospholipid antibody 

syndrome? 

Prophylactic heparin + aspirin 
 

(Don't give Warfarin b/c teratogen) 



Malignancy in pregnancy: when should 
you treat with chemo? 

Try to wait til 2nd trimester 
(organogenesis in 1st) for 

Hodgkins/NHL. Cannot delay treatment 
for acute leukemia. 

Which type of lymphocyte is usually 
most prevalent in blood? Which is the 

most common neoplasm? 

T cells usually 80% of lymphocytes 
 

B cell neoplasms more common 

Which leukemia/lymphoma can have 
warm autoimmune hemolytic anemia? 
What unusual cell type would you see? 

CLL/SLL (direct Coomb's positive) 
 

AIHA causes spherocytes 

Smudge cells on peripheral smear CLL/SLL 

Chronic lymphoproliferative disorders 
(in blood): 

 
Which are B cell? T cell? 

B cell: 
CLL 

Hairy cell 
Plasma cell prolif. disorders (MM, 

amyloidosis, Walenstrom, etc.) 
(Leukemic phase of HL/NHL) 

 
T cell: 

Large Granular Lymphocyte Leukemia 
Adult T cell leukemia 

Sezary syndrome (when mycosis 
fungoides cells get in blood) 

Labs for CLL 

Hypogammaglobulinemia (increased 
infections) 

Warm AIHA (IgG) (leads to 
extravascular hemolysis: increase 

retics, LDH, indirect bilirubin) 



Prognosis for CLL 

1/3 indolent course 
1/3 progress to aggressive course 
1/3 present in aggressive phase 

 
(17p deletion, CD38 & ZAP-70 positive 

worsen prognosis) 

Cells have fried egg appearance in 
spleen/BM. Treat with purine 

analogues (Cladribine, Pentostatin) for 
remission. 

Hairy cell leukemia 

Mycosis Fungoides extension into 
blood 

Sezary syndrome (atypical CD4+ 
helper T cells) 

Associated with HTLV-1 retrovirus. 
Hypercalcemia and lytic bone lesions. Adult T-cell leukemia/lymphoma 

T cell lymphomas 
 

Which 2 are CD4 helper T cells? 
Which one is CD8? 

CD4: MF/Sezary, Adult T cell 
leukemia/lymphoma (ATLL) 

 
CD8: T-LGL 

Germinal center B cell malignancy, 
contiguous spread (usually starts in 

cervical node), bimodal age distribution 
Hodgkins lymphoma 

Clinical manifestations of Hodgkins 

B symptoms (night sweats, fever, 
weight loss) 

Pruritis 
Alcohol induced LN pain 

SVC syndrome (mediastinal mass 
compresses SVC) 

Painless LN enlargement (exp. 
neck/axilla) 



Destruction of LN architecture 
(fibrosis), RS cells, reactive cell 

background 
Hodgkins lymphoma 

Neoplastic cell of nodular sclerosing HL Lacunar RS cell (area of white clearing 
around nucleus) 

L&H cell 

aka Popcorn cell 
 

Lymphocyte predominant subtype of 
Hodgekins lymphoma 

Non-classical Hodgkin's lymphoma; 
excellent prognosis but frequent 

relapses 

Lymphocyte predominant (popcorn 
cells, aka L&H cells) 

 
LPHL has CD20+, CD45+ 

Classical HL has CD15+, CD30+ 

What is important in determining 
prognosis of Hodgkins lymphoma? 

Stage 
 

Stage 1= single LN 
2=2 or more LNs on same side of 

diaphragm 
3=LN on both sides of diaphragm 

4=extra-lymphatic site (BM, liver, etc) 
 

Stage A=no symptoms 
Stage B=one of the B symptoms (fever, 

weight loss, night sweats) 

ABVD treats what? 
 

Complications? 

Chemo to treat Hodgkins lymphoma 
 

Increased risk of leukemia later 



Chronic lymphoproliferative disorder 
Lymphoid neoplasm arising in BM or 

blood (not quite as defined as 
leukemia) 

HL vs. NHL 
 

Which is more common? Which is 
more curable? 

NHL is 70% lymphomas 
HL is more curable 

CD5- and CD10- B cell lymphoma Marginal cell and hairy cell 

Proliferation centers, CD5+ and CD23+ 
B cell malignancy CLL/SLL 

Gastric H. pylori can cause which 
lymphoma? 

B-MALT lymphoma 
 

Extranodal Marginal Zone Lymphoma 
of mucosal associated tissue. Treat H. 

pylori and will probably resolve. 

Lymphomatous polyposis (GI tract) can 
occur, CD5+, CD23- 

Mantle cell 
 

t(11;14) 

Endemic form presents as mass in jaw 
in African children. Sporadic most 

commonly in abdomen 
Burkitt's lymphoma 



TdT is usually a marker of ALL (can be in AML sometimes) 

Age of onset of leukemias? 
 

0-14? 
15-39? 
40-59? 
>60? 

0-14: ALL (B more common) 
15-39: AML 

40-59: AML, CML (differentiate by 
>30% blasts or Philadelphia chr) 

>60: CLL 

Prognosis for NHL determined by what 
score? 

IPI (high score=bad prognosis) 
 

APLES 
Age >60 

Performance status >1 
LDH>1 

Extranodal 
Stage 3 or 4 

What is untreated survival for the 
following? Prognosis with treatment? 

 
Follicular NHL 

Diffuse Large B cell NHL 
Burkitt's 

Follicular: years, no curative treatment 
but indolent 

DLBCL: weeks/months, good 
prognosis with treatment 

Burkitts: days/weeks, good prognosis 
with treatment 

Cell types in the cortex of lymph node 

B cells 
 

Primary follicles: B cells not exposed to 
antigen (no germinal center) 

Secondary follicle: has germinal center 
with B cells that have been exposed to 
antigen and present antibodies to be 

"picked" T cells 

Cell types in paracortex of lymph node 

T cells 
 

(region between cortex and medulla; 
increases in size during cellular 

immune response like TB/virus/fungi) 



Cell types in medulla of lymph node Cords=plasma cells 
Sinuses=macrophages 

Causes of follicular lymphoid 
hyperplasia 

(B cell response) 
 

Bacterial infection (except 
mycobacteria/brucella), toxoplasma 

gondii, CMV, HIV 
 

(not EBV, this infects B cells but T cells 
proliferate and respond) 

Causes of paracortical lymphoid 
hyperplasia 

EBV, dermatopathic lymphadenopathy, 
drug rxn (phenytoin), SLE, 

granulomatous lymphadenitis 
(mycobacteria, fungi) 

Cyclophosphamide 
 

Mechanism of action? 
Toxicities? 

DNA cross links 
 

Marrow, bladder, increased risk of 
MDS/leukemia (alkalator) 

Doxorubicin 
 

Mechanism of action? 
Toxicities? 

Topoisomerase II inhibitor, helicase 
inhibitor (like idorubicin) 

 
Cardiac (dialated cardiomyopathy) 

Oropharynx 
Marrow 

Bleomycin 
 

Mechanism of action? 
Toxicities? 

Inhibit DNA synthesis 
 

Pulmonary fibrosis 

Vincristine 
 

Mechanism of action? 
Toxicities? 

Tubulin 
 

Marrow 
Neuropathy 



Cytarabine 
 

Mechanism of action? 
Toxicities? 

Inhibit DNA synthesis 
 

Cerebellar (ataxia) 
Marrow 

Idarubicin 
 
 

Mechanism of action? 
Toxicities? 

Topoisomerase II inhibitor, helicase 
inhibitor (like doxorubicin) 

 
Marrow 
Cardiac 

Methotrexate 
 

Mechanism of action? 
Toxicities? 

Mechanism of resistance? 

1) Transported into cells on folate 
transporter 

2) Inhibits dihydrofolate reductase 
which is needed to make 

purines/pyrimidines 
 

Resistance: 
1) Diminished uptake 

2) Diminished foylpolyglutamate 
synthase 

3) Elevated dihydrofolate reductase 
4) Diminished affinity of target enzyme 

for methotrexate 

what are the macrocytic anemias? b12/folate def (MC) 

what is teh formula for corrected 
reticulocyte count? 

Hct of the pt/45*reticulocyte ct you 
were given 

when you see the term polychromasia, 
what additional correction must you 

make to reticulocyte count? 
divide by 2 



what should the rough ratio of Hb to 
Hct be? 3*Hb=Hct 

MCC of anemia worldwide? Fe def anemia 

MCC of Fe def worldwide? GI bleed 

what are the normocytic anemias? 

low reticulocyte ct: aplastic anemia, 
renal dz 

 
high reticulocyte ct: hemolytic anemias-

-hereditary spherocytosis, sickle cell, 
G6PD def, autoimmune hemolytic 

anemia, microangiopathic 

where is Fe reabsorbed? duodenum 

where is folate reabsorbed? jejunum 

where is B12 reabsorbed? terminal ileum 



what anemia is associated with an 
decreased MCV but and increased 

RDW? 
Fe def anemia 

what is the cutoff for appropriate BM 
response to anemia? 3% reticulocyte count 

what is the best test for Fe? serum ferritin 

what does serum fe represent? the amount of Fe stored in BM 

what is the TIBC? total Fe binding capacity, amount of 
transferrin 

what is the rate limiting enzyme in 
heme synthesis? ALA synthase 

MCC Fe def in women under 50? menorrhagia 



MCC Fe def in men under 50? PUD (usu duodenal ulcer) 

MCC Fe def in men and women over 
50? colon cancer 

what test do you order if you suspect 
lead poisoning? serum lead level 

why does lead poisoning cause failure 
to grow in children? it deposits in epiphyseal plates 

child eating paint/plaster, has severe 
abdominal colic, cerebral edema, 

convulsions, severe microcytic anemia, 
bright white signal in intestines on 

xray... Dx? 

lead poisoning 

mechanism of cerebral edema in lead 
poisoning? 

increased vessel permeability of brain 
and build up of delta-lemavinylinic acid 

guy at automobile shop complains 
about abdominal colic and diarrhea... 

Dx? 
lead poisoning from car batteries 



man drinks moonshine made from old 
radiator and has abdominal colic and 

diarrhea, Dx? 
lead poisoning. 

what is the major problem in B12/folate 
def? 

can't make DMP and as such you can't 
make DNA. Nucleus becomes very 

large w/o the DNA. 

When you are b12 or folate deficient 
what metabolite builds up in serum? homocysteine 

what is the major complication of 
having high homocysteine levels? 

thromboses, including MI's (damages 
endothelial cells) 

why do you get upper motor neuron 
lesions when you are B12 deficient? 

because B12 also aids in odd chain FA 
metabolism and without it screws up 

myelin production. 

MCC of B12 def? pernicious anemia (autoimmune 
destruction of parietal cells) 

what enzyme is responsible for 
converting folate so that it can be 

absorbed in the intesting? 
intestinal conjugase. 



what drug blocks intestinal conjugase? phenytoin 

what does hypersegmented neutrophil 
suggest? 

B12 or folate, even if there is no 
anemia 

If b12 malabsorption was corrected by 
adding IF, what was the cause of B12 

def? 
pernicious anemia 

If B12 was corrected by adding an 
antibiotic, what was the cause of B12 

deficiency? 
bacterial overgrowth 

if B12 was corrected by adding 
pancreatic extract, what was the cause 

of B12 def? 
chronic pancreatitis 

what dz is chloramphenicol still used to 
treat? rocky mountain spotted fever 

what drugs cause normocytic anemia? chloramphenicol, indomethacin, 
phenylbutazone, thyroid related drugs 



what is the end product of 
phagocytosing a RBC? unconjugated bilirubin 

what is the genetics of sphereocytosis? autosomal dominant 

what is the defect seen in 
sphereocytosis? 

spectrin defect affects the cell 
membrane 

what percentage of HbS do you need 
to cause sickling? 60% or more 

what causes howell jolly bodies? splenic failure 

when is sickle cell first picked up in 
children? 

usually have first vasoconstrictive crisis 
causing dactylitis at age 6-9mo 

why do newborns with sickle cell Dz 
not have vasoconstrictive crises until 6-

9mo? 

because they still have HbF enough to 
inhibit the sickling of RBC's 



what is the MCC of osteomyelitis? staph 

what is the MCC of osteomyelitis in 
sickle cell pts? 

salmonella because of non-functioning 
spleen 

what is the genetics of G6PD def? X-linked recessive 

what drug is used to decrease 
vasoconstrictive crises in sickle cell? hydroxyurea 

how does hydroxyurea work to 
decrease vasoconstrictive crises in 

sickle cell? 
it increases HbF synthesis 

what are the genetics of Lesh-Nyhan? X-linked Recessive 

what causes the hemolysis in G6PD 
def? 

there is no glutithione to degrade 
peroxide (RBC's don't have catalase) 

and so they are hemolysed. 



what causes heinz bodies? they are Hb clumped together caused 
by peroxide in the RBC 

what cellular abnormalities are seen in 
a smear in Pt with G6PD def? Bite cells as well as Heinz bodies 

which are warm reacting antibodies? IgG 

which are cold reacting antibodies? IgM 

what is the MC autoimmune hemolytic 
anemia? warm, MCC Lupus 

MCC of hypothyroidism? hashimoto's thyroiditis 

Pt on penicillin develops a rash. what 
type of hypersensitivity? type I 



Pt on penicillin develops a hemolytic 
anemia, what type of hypersensitivity? Type II 

what is the puprose of direct coombs 
test? 

to detect the presence of IgG/C3b on 
the surface of RBC's 

what is the purpose of indirect coombs 
test? 

to detect the presence of Ab's in serum 
against the RBC 

what is the test of choice if you suspect 
an autoimmune hemolytic anemia? Coomb's test 

what are the 3 drug induced hemolytic 
anemias? penicillin, methyldopa, quinidine 

how does penicillin cause hemolytic 
anemia? 

bpo group of penicillin attaches to rbc, 
develop Ab against it. 

how does methyldopa cause hemolytic 
anemia? 

alters Rh Ag on the RBC, develop Ab 
against it 



how does quinidine cause hemolytic 
anemia? 

quinidine acts as a hapten and binds 
IgM creating an immune complex (HS 
type III). IgM will activate the classical 
complement pathway 1-9, leading to 

intravascular hemolysis. 

what is the MCC chronic intravascular 
hemolysis? aortic stenosis 

what is another potential anemia found 
in aortic stenosis other than MAHA? 

Why? 

iron def anemia b/c Fe is lost in the 
urine with the Hb after the intravascular 

hemolysis 

Pt presents with systolic ejection 
murmur heard at the 2nd ICS, radiates 
to the carotids, has S4, increased on 
expiration, and a prominant PMI, they 
have the following CBC findings: Low 

MCV, and fragmented RBC's. Dx? 

Microangiopathic hemolytic anemia 
related to aortic stenosis 

what is the primary cell in acute 
inflammation? neutrophil 

What infections can usually produce 
leukamoid reaction in adults? TB and sepsis 

what is a leukamoid reaction? 
increased wbc count that looks like 
leukemia but is not (30-50 thousand 

wbc) 



what is a common infection in children 
that causes leukamoid reaction? Pertussis 

Child presents with wbc count of 
60,000, pale, coughing. no anemia or 

thrombocytopenia present. 
lymphocytes are mature and totally 

normal. Dx? 

could be virus, but most likely pertussis 
(leukamoid reaction) 

what is the first thing that pops into 
mind when you are presented with 

atypcial lymphocytosis? 

EBV (but also could be CMV, toxo, viral 
hepatitis, or phenytoin) 

where does EBV virus persist in the 
human body? perotid glands (kissing dz) 

what is atypical lymphocytosis? lymphocytes that are stimulated by Ag 

what test do you run to diagnose 
mononucleosis? heterophile Ab 

what is the primary cell in chronic 
inflammation? monocyte 



Does hay fever, penicillin, 
strongoloides cause eosinophilia? yes 

does protozoal infection cause 
eosinophilia? no 

does adult ascariasis cause 
eosinophilia? no 

what is the major complication of adult 
ascariasis? bowel obstruction 

does the larvae form of ascariasis 
cause eosinophilia? 

yes, they are invasive and cross into 
the lungs causing eosinophilia 

If pt went running and became volume 
depleted, what would the RBC ct be 

compared to normal? 

High, b/c it would be 
hemoconcentrated due to volume 

depletion. 

If pt went running and became volume 
depleted, what would the RBC mass be 

compared to normal? 

Normal. altho the RBC ct would be 
high, you are not actually producing 

any more RBC's. 



what is polycythemia rubra vera? stem cell proliferative Dz of the BM 

what are the two causes of 
inappropriate increased RBC mass? 

polycythemia rubra vera (can become 
leukemias), and tumor or cyst 

producing EPO 

what is the only leukemia that is 
considered myeloproliferative? CML 

what are the 4 H's of polycythemia 
rubra vera? 

Hyperviscosity, Hypovolemia, 
Histaminemia, Hyperuricemia 

what is the MCC of budd chiari 
syndrome? hepatic vein thrombosis 

what is polycythemia rubra vera? stem cell proliferative Dz of the BM 

what are the two causes of 
inappropriate increased RBC mass? 

polycythemia rubra vera (can become 
leukemias), and tumor or cyst 

producing EPO 



what is the treatment for hyperviscosity 
seen in polycythemia rubra vera? phlebotomy 

what does phlebotomy do in the 
treatment of polycythemia rubra vera? 

makes you Fe def b/c then it will take 
longer to make RBC's 

Pt takes a shower and gets generalized 
pruritus and migraine like headaches 
independent of the temperature of the 

water used. Dx? mechanism? 

polycythemic rubra vera, mast cells 
and basophils socated in skin and 

temperature changes degranulate mast 
cells causing release of histamine 

(hyperhistiminemia seen). histimine 
dilates BV's and causes the headache 

and flushing of face. 

what is the mechanism of 
hyperurecemia in polycythemia rubra 

vera? 

nucleated hematopoetic cells are 
elevated, then die, and nuclei have 

purines in them. purines go into purine 
metabolism and become uric acid 

why must a patient on chemotherapy 
also be put on allopurinol? 

when you destroy cells many purines 
are released from the nuclei. these 

purines are metabolised into uric acid 

what is the term given to the release of 
purines and subsequent 

hyperurecemia after treatment with 
chemotherapy? 

tumor lysis syndrome 

what is the mechanism of allopurinol? inhibition of xanthene oxidase 



what is the first thing you think of when 
you see blasts in a peripheral blood 

smear? 
leukemia 

will leukemia be associated with an 
anemia? why or why not? 

yes because the wbc will crowd out 
normal hematopoetic cells. usu 

normocytic anemia 

is thrombocytopenia associated with 
leukemia? why or why not? 

yes b/c the wbc crowd out 
megakaryocytes frmo making platelets 

what is the blast percentage that 
delineates chronic and acute 

leukemias? 

<30% chronic 
>30% acute 

age bracket for ALL? 0-14 

age bracket for AML? biphasic 15-39 and 40-59 

age bracket for CML? 40-59 



age bracket for CLL? 60+ 

what is the genetic transformation in 
CML? t9,22 philly chromo 

what is the MC overall leukemia 
regardless of age? CLL 

49yo w/ peripheral smear: 150,000 
WBC, 1% myeloblast in peripheral 

blood and BM, generalized non-tender 
lymphadenopathy, 

hepatosplenomegaly, 
thrombocytopenia, and normocytic 

anemia.... Dx? 

CML (age and %blasts) 

what two tests can be ordered to 
confirm a CML Dx? 

Philly chromosome study, and a 
leukocyte alkaline phosphatase score 
(normal cells take up stain, neoplastic 

will not, so low score = leukemia) 

Pt with HUGE spleen and tear drop 
cells in peripheral blood... Dx? atherogenic myeloid metaplasia 

why tear drop cells in atherogenic 
myeloid metaplasia? 

dictator story (haha), for hematopoetic 
cells to reach spleen they must pass 

thru fibrotic tissue (barbed wire) so the 
cell membrane is damaged causing 

teardrop cells. 



4yo presents with sternal tenderness, 
fever, general lymphadenopathy, 
hepatosplenomegaly, normocytic 

anemia, 50,000 WBC many are abnml, 
Dx? 

ALL 

which leukemia has an association with 
down's syndrome? ALL 

what are the cellular markers for ALL? CD10+ (CALLA+) 

65yo, normal criteria, smudge cells and 
normocytic anemia, 

hypogammaglobinemia... Dx? 
CLL 

what is the mechanism of 
hypogammaglobinemia in CLL? 

b/c they are neoplastic b cells and as 
such they cannot change to plasma 

cells to make Ig's. 

MCC of death in CLL? infection related to the 
hypogammaglobinemia 

62yo, normal criteria, special stain for 
TRAP (tartrate resistant acid 

phosphatase stain)... Dx? 
hairy cell leukemia 



what Dx is confirmed with a TRAP 
(tartrate resistant acid phosphatase 

stain)? 
hairy cell leukemia 

35yo normal criteria, 50,000 abnml 
WBC, auer rods, 70% blast cells in 

BM..... Dx? 
AML 

what are auer rods? abnormal lysosomes found in AML 

if AML infiltrates gums, what subtype of 
AML? acute monocytic anemia M5 

if AML has DIC and has translocation 
of t15,17... what subtype? acute progranulocytic anemia (M3) 

what is the treatment for acute 
progranulocytic anemia? 

retinoic acid (vit a causes blasts to 
mature into b9 cells) 

what portion of the lymph node is 
affected in bruton's 

agammaglobinemia? 
germinal follicle is absent (Bcell) 



what portion of the lymph node is 
affected in DiGeorge syndrome? paratrabeculae (Tcell) 

what portion of the lymph node is 
affected in Hans schuller Christian/ 

letterman sieve Dz? 
sinuses (histiocytes) 

what portion of the lymph node is 
affected in SCID? 

no germinal follice, no paratrabeculae, 
but will have sinuses. b and t cell def 

what is the MC non-hodgkin 
lymphoma? follicular lymphoma 

which lymphoma has 14,18 
translocation? follicular lymphoma 

that 2 tissues are resistant to invasion 
by cancer cells? cartilage and elastic vessels 

what virus causes burkitts lymphoma? EBV 



where in the body is burkitt's usually 
found in the US? abdomen 

starry sky appearance... Dx? Burkitt's lymphoma 

plaque like lesions on skin, no teeth, 
not a fungal infection, inflammatory 

cells are very neoplastic... Dx? 
mycosis fungoides 

kid with EM of eczematous rash all 
over, generalized nontender 
hepatosplenomegaly, EM of 

monomorphic cells which were CD1+, 
with birbeck granules (look like tennis 

racket).... Dx? 

Histiocytosis X (hans schuller christian/ 
letterman sieve Dz) 

what are the 2 cellular inclusions that 
look like tennis rackets? 

birbeck granules (histiocytosis X), 
clostridium tetani spore 

what are the cardinal signs of 
hodgkins? 

fever, night sweats, wt loss (usually TB 
until proven otherwise). Reid sternberg 

(owl eyes) seen on peripheral blood 
smear. 

what does sclerosis mean? collagen deposition 



where are the 2 places you see lymph 
node involvement in nodular sclerosis 

(hodgkins)? 

anterior mediastinum and somewhere 
above the diaphragm (e.g.cervical 

nodes, superclavicular nodes, neck) 

a pt 25yo non smoker, had 
emphysema of the lower lungs, no 

alpha 1 peak on electrophoresis... Dx? 
Alpha 1 antitrypsin deficiency 

what is the most common form of 
multiple myeloma? Ig kappa 

why are pathologic fractures extremely 
common in multiple myeloma? 

because of lytic bone lesions cause 
from an abuncance of IL-1 (osteoclast 

activating factor) 

elderly woman coughs and develops 
severe pain, you seen lytic lesion of the 

rib... Dx? 
multiple myeloma 

lytic lesions, bence jones proteins (Ig 
light chains), elderly patients... Dx? multiple myeloma 

what chromosome is beta amyloid 
protein coded? 

21, which is why down's always get 
alzheimers 



what are the 4 proteins that can be 
transformed/converted into amyloid? 

calcitonin (medullary carcinoma of 
thyroid), light chains (bence jones 

protein found in multiple myeloma), 
pre-albumin, and beta-amyloid (down's, 

alzheimers) 

what is the autoimmune dz in which the 
patient is missing glucocerebrosidase 

(beta-glucosidase)? 
gaucher dz 

macrophage with crinkled paper 
appearence, lysosomes filled with 

glucocerebroside ... Dx? 
gaucher dz 

bubbly cytoplasm, severe mental 
retardation, buildup of sphingomyelin in 

lysosomes... Dx? 
neimann-pick 

deficiency seen in neimann-pick dz? sphingomyelinase 

what is the only glycogen storage dz 
that has lysosomal storage? Pompe's 

Pt missing enzyme to break down 
glycogen in lysosomes... Dz? Pompe's 



how do pts with pompe's die? cardiac failure due to excess deposition 
of normal glycogen in the heart 

what is the name of a 
glucosaminoglycoside (GAG) that 

enhances the action of antithrombin III? 
heparin 

what is the mechanism for heparin? prevent clots by enhancing 
antithrombin III 

where is PGI2 made? endothelial cells 

what does PGI2 (prostacyclin) do? vasodilation, prevents platelet 
aggregation 

what are the vit. k dependent factors? 2,7,9,10 protein C, protein S 

what are the functions of protein c and 
protein s? inactivate factors 5 and 8 



what is used to dissolve a clot in a pt 
with coronary thrombosis? t-PA (tissue plasminogen activator) 

what is the mechanism of t-PA (tissue 
plasminogen activator)? 

activates plasminogen which produces 
plasmin which basically eats everything 

in sight. 

why are patients on birth control 
thrombogenic? 

it increases the synthesis of factors 5 
and 8, increases synthesis of 

fibrinogen, and inhibits antithrombin III. 

why is smoking while on birth control a 
deadly idea? 

birth control thrombogenic b/c of inc 
syn of factors 5 and 8, inc syn of 

fibrinogen, and inhib of antithrombin III, 
smoking thrombogenic because of 

endothelial damage 

what will the bleeding time be in a pt 
with hemophilia A? 

normal, b/c bleeding time has nothing 
to do with coagulation factors 

what is the only cell in the body that 
has thromboxane synthase? platelets 

what is the function of 
thromboxaneA2? 

potent vasoconstrictor, 
bronchoconstrictor, and platelet 

aggregator. 



what is the vasoconstrictor of 
prinzmetal's angina? TxA2 

what is the MC genetic hereditary Dz? vW Dz 

what is the inheritance of vW Dz? autosomal dominant 

MCC of prolonged bleeding time? aspirin 

what is the mechanism for aspirin? blocks platelet COX so there are no 
prostaglandins or thromboxane 

what drug blocks TxA2 synthase? dipyrramidal 

if you have a platelet problem, what will 
the bleeding time be? prolonged 



pt had appendectomy with no 
complications, but when pt woke up 
and started moving around massive 
amounts of blood started coming out 
and the pt bled to death... what is teh 

problem? 

coagulation deficiency (hemophilia a 
ect) 

what is the best question to ask to 
evaluate if the patient has a 

coagulation disorder? 

if there was bleeding problems after 
molar removal (wisdom teeth) this 

procedure puts the most hemodynamic 
stress possible. 

epistaxis, ecchymoses, petechia, 
bleeding from superficial scratches... 

platelet or coag problem? 
platelet 

late re-bleed, menorrhagia, GI bleeds, 
hemarthroses... platelet or coag 

problem? 
coagulation problem 

what does ristocedin cofactor assay 
test for? functioning vWF 

older man with osteoarthritis, had 
prostate problem treated with 

resection... massive bleeds. what was 
the problem? 

osteoarthritis = pain... prob on nsaids. 
Tx with platelet pack transfusion, donor 

platelets will work 

what does prothrombin time evaluate? the extrinsic pathway all the way down 
to clot formation (7,10,5,2,1) 



what test evaluates the extrinsic 
coagulation pathway? prothrombin time (PT) 

what does partial thromboplastin time 
evaluate? 

intrinsic pathway all the way down to 
clot (12,11,9,8,10,5,2,1) 

what is the test that evaulates the 
intrinsic coagulation pathway? partial thromboplastin time (PTT) 

PT is prolonged, but PTT is normal... 
what is the factor deficiency? 

7, b/c the prothrombin was prolonged 
(7,10,5,2,1) and the PTT was normal 

(12,11,9,8,10,5,2,1) 

PTT is prolonged, but PT is normal, 
what is the most likely problem? 

Factor 8 (odds) 12,11,9, or 8 must be 
the problem and hemophilia A is the 

MC factor def after vW DZ. 

What enzyme does warfarin inhibit? epoxide reductase 

what factors does warfarin inhibit? gamma carboxylation of 2,7,9,10 



what bleeding test do you follow with 
warfarin? PT (2,7,9,10 inhibited) 

why is the PT better at evaluating 
warfarin? 

b/c 3 of the 4 factors being inhibited are 
involved in the prothrombin time 

what factors does heparin inhibit? 
heparin boosts the action of 

antithrombin III which takes care of 
12,11,7,10,2,1. 

what bleeding tests are abnml in 
heparin and warfarin treatment? both PT and PTT 

what is the best screening test for DIC? d-dimers 

what is the function of factor 13 in 
coagulation? 

it builds cross bridges in the fibrin 
strands 

Elderly patient in old age home and 
children want to sue for abuse b/c they 
found bruises on backs of hands, and 

the shins... legit? 

no, b/c it is senile purpura and is an 
age dependent finding 



elderly patient in old age home and 
children want to sue the home for 

abuse b/c they find bruises on backs of 
hands, buttocks and back... legit? 

yes, senile purpura are only found on 
places where it is common to run into 

things... not buttocks or back. 

Pt presents with telangiectasias (little 
red spots) on the skin, lips, tongue and 

throughout the GI tract... Dx? 

Osler weber rendu Dz (hereditary 
telangiectasias) 

what is the MC genetic vascular dz? Osler weber rendu Dz 

what are the gross findings in platelet 
problems? 

epistaxis (MC), petechia, ecchymoses, 
bleeding from superficial scratches or 

cuts 

12yo kid with URI one week ago, 
presents with epistaxis. On PE, you 

see lesions that do NOT blanch, 
platelet count 20,000. Dx? 

Idiopathic thrombocytopenic purpura 

will petechias blanch? no, b/c they are bleeding into the skin 

will spider angiomas blanch? yes, b/c they are a/v fistulas 



what is the mechanism for idiopathic 
thrombocytopenic purpura? IgG against the platelet 

what type of HS is idiopathic 
thrombocytopenic purpura? Type II HS 

what is the treatment for idiopathic 
thrombocytopenic purpura? 

corticosteroids if very symptomatic, if 
not, leave alone 

woman with a + spearman Ab test, 
epistaxis, petechia, general tender 

lymphadenopathy, and splenomegaly... 
Dx? 

Lupus, w/ autoimmune 
thrombocytopenia. 

what is the PT and PTT in TTP and 
HUS? Nml 

what bleeding test is abnml in TTP and 
HUS? bleeding time 

what is the pathogenesis of TTP and 
HUS? 

something in the plasma damages 
small vessels throughout your body, 

platelets stick and aggregate and 
eventually form firm plateletplugs in all 

the vessels of entire body. 



Pt presents with thrombocytopenia, 
increased Bleeding time, nml PT, nml 

PTT, fever, renal failure and 
schistocytes with hemolytic anemia... 

Dx? 

TTP or HUS 

why renal failure in TTP or HUS? b/c glomerular caps will have platelet 
plugs in them 

what are the 2 causes of HUS? 

(1) 0157:H7 E.coli (toxin producing 
E.coli found in undercooked beef). 

toxin damages the vessel leading to Dz 
 

(2) Shigella toxin that leads to 
shigellosis and then HUS 

why are PT and PTT normal in TTP 
and HUS? 

because only platelets are used up, not 
coagulation factors 

what is vWF? it is part of factor 8 which allows for 
correct platelet aggregation 

14 yr old boy came with knee joint 
hemearthrosis and easy bleeding, long 
history of chronic abdominal pain and 
diarrhea, short stature, bleeding rectal 

fissure, and PTT high... Dx? 

hemophilia A (prob) although could be 
vW Dz 

If a Pt presents with prolonged PT, 
Bleeding time, and PTT with both 

coagulation Sx and platelet Sx, what is 
the Dx? 

vW Dz 



which factor 8 molecules are 
decreased in vW Dz? 

all of them fac 8 anti coag, fact 8 Ag, 
and vWF 

which factor 8 molecules are 
decreased in hemophilia A? just fac 8 anticoag 

what is the DOC for mild hemophilia A 
and vW Dz? 

despmopressin (ddadp) from ADH. it 
will increase synthesis of all three 

factor 8 molecules 

what is the mechanism of 
desmopressin in the tx of hemophilia A 

and vW dz? 

increases synthesis of all three factor 8 
molecules 

what is the test of choice for vW Dz? ristocedin cofactor assay 

why can birth control cause 
thromboses? 

estrogen increases synthesis of all 3 
factor 8 molecules, also causes 

antithrombin III deficiency 

what 2 things increase the synthesis of 
all 3 factor 8 molecules? 

birth control (estrogen) and 
desmopressin 



what molecules are consumed in a 
clot? fibrinogen, 5,8,prothrombin, platelets 

what is the MCC for DIC? septic shock, snake bites (rattlesnake, 
not neurotoxin), and ARDS 

Pt with abruptio placenta and had 
amniotic fluid embolism. mom has 

increased pt and ptt and decreased 
platelets, d-dimer +... Dx? 

DIC 

what is the mechanism of DIC in 
abruptio placentae with amniotic fluid 

embolism? 

amniotic fluid enters bloodstream and 
contains thromboplastin--> DIC 

young person with DVT, family Hx of 
DVT at a young age... Dx? familial thrombosis 

what is the term for abnormal factor 5 
that protein C and protein S cannot 

breakdown, therefore is an increase in 
factor 5 predisposing to thrombosis? 

factor 5 leiden 

what is factor 5 leiden? 

abnormal factor 5 that protein C and 
protein S cannot breakdown, therefore 
is an increase in factor 5 predisposing 

to thrombosis 



what is the MCC of antithrombin III 
deficiency? birth control 

Pt with DVT, give heparin, PTT 
remains normal. give more haparin, 

PTT still remains normal... Dx? 

Antithrombin III deficiency (where 
heparin works) 

why do newborns not have transfusion 
rxn? 

because they do not start synthesizing 
IgM until after birth and only after 2-3 

mo do they start IgG 

what Ig is against blood group A and 
B? IgM 

what Ig is against blood group AB? IgG 

an old person accidentally gets the 
wrong blood group in transfusion, but 

doesn't have a transfusion 
reaction...why? 

because there are not enough 
circulating Ab anymore to illicit 

reaction. 

what blood group is associated with 
gastric CA? group A (gAstric) 



what blood group is associated with 
duodenal ulcers? group O (duOdenal) 

wwhy is it not as likely for black people 
to get infected with plasmodium vivax? 

because they are missing duffy Ag (Rh 
+/-) and that is the Ag that p. vivax 

needs to parasitize the RBC 

why are G6PD def, thalassemias, and 
sickle cell protected against malaria? 

RBC lifespan is too short for parasite to 
live thru life cycle 

what is the most common Ab in the 
USA? Anti-CMV 

what does the ELISA test look for in 
HIV testing? anti-gp120 Ab's 

what is the purpose of anti-gp120 on 
HIV? attaches the virus to CD4 

what is the MC infection transmitted by 
blood transfusion? CMV 



what is the MCC of post transfusion 
hepatitis? Hep C (1/3000) 

why do we irradiate blood before 
transfusing to infants? 

b/c they do not have Ig yet so protect 
against CMV and GVHD. 

what is the MC infection from needle 
stick? Hep B 

after accidental needle stick from HIV 
Pt what is the probability of getting 

HIV? 
1/300 

Pt with warfarin is over anticoagulated 
and bleeding to death... Tx? 

IM vit K would be too slow (6-8 hr to 
work) so FFP would be treatment of 

choice. 

what is the DOC for Heparin overdose? protamine sulfate 

MC transfusion rxn? allergic rxn (Tx penicillin) type I HS 



2nd MC transfusion reaction (1st= 
allergic) 

febrile rxn due to HLA Ab's against 
leukocytes of donor Ag. 

who has the greatest risk of developing 
febrile rxn to blood transfusion: 
newborn, 12yo never tranfused, 

woman with one pregnancy, woman 
with spontaneous abortion, man? 

woman with abortion b/c of the 
potential for the fetal HLA's to leak into 

mothers blood 

woman post-partum, difficult delivery 
(abruptio placentae) was transfused 3 

units of blood. when she left the 
hospital she had a Hb of 10. One week 

later, she is jaundice and has 
unconjugated hyperbilirubinemia and 

has a Hb of 8.... Dx? 

NOT halothane (b/c that takes more 
than a week to develop) NOT hepatitis 

(6-8 weeks to develop)... delayed 
hemolytic transfusion rxn (type II HS) 

memory B cells had Ab specificity 
against an Ab on the blood transfusion 

what test would you order to confirm 
delayed hemolytic transfusion 

reaction? 

indirect coombs b/c you will see the Ab 
coating the RBC. 

mom is blood group O- and baby is 
blood group A-. is there an 

incompatibility of blood groups? 

yes, the mom will have anti AB IgG that 
will cross the placenta, there could be 

problems in the first pregnancy 

MCC of jaundice in the first 24 hr for a 
newborn? ABO incompatibility 

when does physiologic jaundice of the 
newborn start? day 3 



why does a newborn with ABO 
incompatibility develop jaundice? 

its liver cannot conjugate bilirubin and 
must handle unconjugated bilirubin on 

its own now so it builds up. 

what is the Tx for jaundice of the 
newborn? 

UV light. converts bilirubin into di-pyrol, 
which is water soluble and they pee it 

out 

What is the most common blood 
group? Blood Groupe O 

Blood group O characteristics? anti-A-IgM, anti-B-IgM, anti-A and B-
IgG 

M cells  
 

do what function? 

transport A and B antigens in Peyer's 
patches to B lymphocytes 

Blood group A characteristics? anti-B-IgM 

Blood group B characteristics? anti-A-IgM 



Blood group AB characteristics? no natural antibodies 

Blood in newborns: 
characteristics? lack natural antibodies 

Blood in elderly: 
characteristics? frequently lose natural antibodies 

Paternity issues in blood group AB 
parents? cannot have O child 

Paternity issues in blood group O 
parents? cannot have AB, A, or B child 

Forward typing  
 

identifies? 
blood group antigen 

Back typing  
 

identifies? 
natural antigens 



Five Rh antigens? D, C, c, E, e 

Rh positive has what type of antigen? D antigen 

Alloimmunization = ? antibodies develop against foreign 
antigens 

Individual with an atypical antibody 
must receive what type of blood? blood lacking the antigen 

Fy antigen negative RBCs  
 

clinical importance ? 
protection against P. vivax malaria 

what is the safest type of transfustion Autologous transfusion 

what is the most common pathogen 
transmitted by transfusion? CVM (cytomegalovirus) 



in newborn transfusions what needs to 
be done to the blood? 

must irradiate blood to destroy 
lymphocytes 

Major crossmatch =? patient serum + donor RBCs 

what ensures that a major crossmatch 
will be compatible A negative antibody screen 

which blood group is considered 
universal donors? Blood group O individuals 

which blood group is considered 
universal recipients? blood group AB 

Allergic transfusion reaction 
 

is mediated by ______? 
IgE-mediated 

IgA deficient patients 
 

must recieve what type of blood 
products? 

must receive IgA deficient blood 
products 



Febrile transfusion reaction 
 

pathogenesis? 

anti-HLA antibodies against donor 
leukocytes 

Anti-HLA antibodies 
 

come from where? 

come from previous exposure to HLA 
antigens (blood transfusion, transplant) 

Acute HRTs are due to? due to blood group incompatibility or 
presence of an atypical antibody 

Acute HTRs : hemolysis? both intravascular or extravascular 
hemolysis may occur 

Suspected HTRs  
 

procedure? 

keep IV open with normal saline; 
discontinue transfusion 

what is the most common HDN 
(Hemolytic disease of the newborn)? 

ABO HDN (Hemolytic disease of the 
newborn) 

HDN (Hemolytic disease of the 
newborn) 

 
pathogenesis? 

mother group O, 
fetus blood group A or B 



what is the most common cause of 
jaundice in first 24 hours after birth? ABO HDN 

ABO HDN 
 

lab findings? 

positive direct Coombs' test on fetal 
cord RBCs 

Rh HDN 
 

pathogenesis? 

Mother is Rh negative 
Fetus is Rh positive 

Rh HDN 
 

pregnancies? 

anemia and amount of unconjugated 
bilirubin >ABO HDN 

Rh HDN  
 

lab finidings about bilirubin? 

unconjucated bilirubin in free (not 
bound) 

Kernicterus = ? free unconjucated bilirubin deposits in 
basal ganglia 

Rh HDN 
 

results in Coombs' test? 

positive direct Coombs' test on fetal 
RBCs 



ABO in compatibility 
 

protects mother from? 
protects mother from Rh sensitization 

Prevention of Rh HDN? Rh immune globulin (anti-D globulin) 

Bilirubin has absorbance at a 
wavelength or? 450 nm 

△ OD 450 bilirubin wavelength in 
amniotic fluid 

 
degree of increase correlates with? 

increase correlates with severity of 
hemolysis 

treatment of jaundice in newborns? blue fluorescent light converts bilirubin 
in skin to water-soluble dipyrrole 

Qualitative WBC(White Blood Cell) 
defects? defects in structure and function 

Qualitative WBC defects 
 

clinical findings? 

unusual pathogens, 
"cold" abscesses, 
frequent infections 



Job's syndrome = ? defect in chemotaxis; ↑ IgE 

how do you calculate Absolute count ? = % leukocytes X total WBC count 

Leukemoid reaction = ? benign, exaggerated leukocyte 
response 

Leukoerythroblastic reaction in women 
>50 years of age 

 
usually caused by? 

due to metastatic breast cancer 

Neutrophilic leukocytosis: 
 

neutrophil count > ? cells/mm3 
neutrophil count > 7000 cells/mm3 

Neutrophenia : 
 

neutrophil count < ? cells/mm3? 
neutrophil count < 1500 cells/mm3 

Eosinophilia 
 

cell count? 
eosinophil count> 700 cells/mm3 



Eosinophilia  
pathogenesis? 

type I hypersensitivity, invasive 
helminths, hypocortisolism 

Eosinopenia 
 

etiology? 
hypercortisolism 

Basolphilia 
 

etiology? 
consider myeloproliferative disease 

Lymphocytosis 
 

absolute Lymphocytosis count; 
in children? 
in adults? 

Lymphocytosis count; 
in children: >8000 cells/mm3 
in adults: >4000 cells/mm3 

Atypical lymphocytes 
 

pathogenesis? 
antigenically stimulated 

Atypical lymphocytosis? 
 

caused by? 

EBV (Epstein-Barr virus),  
CMV,  

viral hepatitis,  
phenytoin 

EBV pathogenesis? 

Infection spreads to B cells in lymph 
nodes, 

B cells have CD21 receptor sites for 
EBV 



Infectious mononucleosis: 
 

clinical findings with ampicillin 

rash develops if patient placed on 
ampicillin 

Heterophile antibodies 
 

IgM antibodies are detected against 
which animals? 

IgM antibodies detected against horse, 
sheep, bovine RBCs 

what test should be run if screening 
test for Infectious mononucleosis is 

negative? 
Anti-VCA-IgG/IgM 

Lymphopenia 
 

lymphocyte count  
adult? 

children? 

lymphocyte count <1500cells/mm3 in 
adult 

 
<3000 cells/mm3 in children 

Lymphopenia in HIV 
Etiology? lysis of CD4 helper T cells by the virus 

Corticosteroids produce ? neutrophilic leukocytosis, eosinopenia 
and lymphopenia 

Monocytosis  
 

diseases related? 

chronic infection, autoimmune disease, 
malignancy 



Leukemia 
 

epidemiology? 

malignant transformation of marrow 
stem cells 

what is the most common leukemia 
and cancer in children? ALL (Acute lymphoblasstic leukemia) 

AML (Acute myeloblastic leukemia) 
 

age? 
15-60 years 

CML (Chronic myelogenous leukemia) 
 

age? 
40-60+ years old 

What is the most common overall type 
of leukemia ? CLL (Chronic lymphocytic leukemia) 

Leukemia 
 

pathogenesis? 
arises in the marrow and disseminates 

Acute leukemia 
 

clinical findings? 

abrupt onset, 
Skin involvement (T cell leukemias), 

CNS(Central nervous system), 
testicle involvement (often in ALL) 



What is the most important test for 
diagnosing leukemia? bone marrow examination 

Acute leukemia 
 

key finding of blasts in 20% of ______? 
bone marrow 

how does chronic leukemia start? insidious onset 

Chronic leukemia  
 

key finding of what percent of blasts? 
<10% in bone marrow 

acute versus chronic leukemia? bone marrow aspirate with blast count 

myeloid disorders = _______ ____ cell 
disorders 

myeloid disorders = neoplastic stem 
cell disorders 

what is the most common chronic 
myeloproliferative disorder? polycythemia vera 



RBC count is the ratio of? RBC mas/ PV(plasma volume) 

Relative polycythemia=? 

↑ RBC count 
↓ PV 

 
normal: RBC mass, SaO2, EPO 

Appropriate absolute polycythemia 
 

RBC mass, EPO, PV , SAO2? 

↑ RBC mass, EPO;  
normal PV 

↓SaO2 

Inappropriate absolute polycythemia 
(ectopic secretion EPO): 

RBC mass, EPO, PV , SAO2? 

↑ RBC mass, EPO;  
normal PV 

normal SaO2 

Inappropriate absolute polycythemia 
(PRV): 

RBC mass, EPO, PV , SAO2? 

↑ RBC mass, ↓ EPO;  
↑ PV 

normal SaO2 

PRV (Polycythemia vera) 
 

pathogenesis? 
mutation of JAK2 gene 

PRV  
clinical findings? thrombotic events 



Polycythemia vera 
 

signs of increased histamine released 

pruritis after bathing, mast cell release 
of histamine 

Polycythemia vera  
what is best initial test? serum EPO best initial test 

Polycythemia vera: 
 

only polycythemia with ? 

↑ PV 
↓ EPO 

Polycythemia vera  
treatment? 

phlebotomy reduces viscosity-induced 
thrombosis 

CML 
 

age? 
40-60+ years of age 

Philadelphia chromosome = ? chromosome 22 with translocation 

CML blast crisis= ? myeloblasts or lymphoblasts; no Auer 
rods 



what is the only leukemia with 
thrombocytosis? CML 

what is the most specific test for CML? BCR-ABL fusion gene 

MMM (Myelofibrosis and myeloid 
metaplasia)  

pathogenesis ? 
mutation of JAK2 gene 

MMM (Myelofibrosis and myeloid 
metaplasia)  

 
clinical findings? 

EMH (extramedullary hematopoiesis), 
marrow fibrosis, massive splenomegaly 

MMM (Myelofibrosis and myeloid 
metaplasia)  

 
lab findings? 

tear drop RBCs, 
leukoerythroblastic smear 

ET (Essential thrombocythemia) 
 

pathogenesis? 

dysplastic/ nonfunctional platelets;  
↑ platelets, 

 
mutation of JAK2 gene 

MDS (Myelodysplastic syndromes) 
 

pathogenesis? 
cytopenias; hypercellular marrow 



MDS (Myelodysplastic syndromes) 
 

frequently (>30% of cases) progresses 
to ? 

acute leukemia 

Acute promyelocytic leukemia 
 

example? 
t(15;17) 

Acute monocyte leukemia 
 

clinical findings? 
gum infiltration 

AML (acute myeloblastic leukemia)  
 

Auer rods in ______ of myeloblasts 
Auer rods in cytoplasm of myeloblasts 

Auer rods 
 

only present in ____ 
not ____? 

only present in AML;  
not in CML 

most common cancer and leukemia in 
children? ALL (Acute lymphoblastic leukemia) 

ALL (Acute lymphoblastic leukemia) 
 

most common type? 
CD10 and TdT positive 



ALL (Acute lymphoblastic leukemia) 
 

what offers favorable prognosis? 
t(12;21) offers favorable prognosis? 

ALL 
 

what fraction is cured? 
2/3 

Adult T-cell leukemia  
 

associated with? 
association with HTLV-1 

TAX gene inhibits ____ suppressor 
gene 

TAX gene inhibits TP53 suppressor 
gene 

Adult T-cell leukemia 
 

clinical findings? 

skin lesions; lytic bone lesions with 
hypercalcemia 

most common type of leukemia? CLL (Chronic lymphocytic leukemia) 

most common cause of generalized 
lymphadenopathy in those >60 years 

old 
CLL (Chronic lymphocytic leukemia) 



CLL (Chronic lymphocytic leukemia) 
 

lab findings? 
hypogammaglobulinemia; smudge cells 

HCL (Hairy cell leukemia) 
 

primary site for neoplastic cells? 
spleen primary site 

HCL 
 

clinical findings? 
absence of lymphadenopathy 

HCL 
 

lab findings? 

positive TRAP (tartate-resistant acid 
phosphatase) strain 

HCL 
 

what is the response to purine 
nucleosides 

dramatic response as treatment 

Locations of B cells? germinal follicles 

Locations of T cells? paracortex, thymus 



Locations of Histiocytes cells? sinuses, skin (Langerhans cell) 

Nodule enlargement 
 

age? 

<30 usually benign; >30 usually 
malignant 

Painful lymphadenopathy implies? inflammation 

Painless lymphadenopathy implies? metastasis or primary malignant 
lymphoma 

Left supraclavicular node metastasis 
 

examples? 
stomach or pancreatic carcinoma 

Hilar nodes metastasis 
 

associated cancer? 
lunge cancer 

Para-aortic node metastasis 
 

associated cancer? 
testicular cancer 



Follicular hyperplasia 
 

associated cancer? 
prominent germinal follicles 

Dermatopathic lymphadenitis 
 

nodes contain macrophages 
containing? 

melanin pigment 

Cat-scratch disease  
 

due to ? 
Bartonella henselae 

Toxoplasmosis 
 

produces? 

mononucleosis type syndrome with 
painful cervical lymphadenopathy 

Tularemia 
 

epidemiology? 

zoonosis (rabbits) 
ulcerglandular type is most common 

what is a favorable sign in breast 
cancer? Sinus histiocytosis axillary nodes 

  
 


