1. INTRODUCTION

a. Along w/ mature cells, small amt of retics and bands normally released into blood
b. Differentiation into specific type of granulocyte occurs at the myelocyte stage
c. Vit/mineral defcy = low retic (<100,000 in anemia pt) vs increased RBC destruction = high retic (tries to replace lost cells)
d. Phago = monos (anything), neutros (bacteria) via Fc/C3b “handle”.  Chemokines/APC by monos.

e. Chronic Granulomatois Dz = XRec, defective respiratory burst -> recurrent infxns
2. CLONAL BM DISEASE CLASSIFICATION
a. Myeloproliferative 
i. Chronic myelogenous leukemia (incr granulocytes)
ii. Polycythemia Vera (incr erythrocytes/Hgb)
iii. Essential thrombocytosis (incr megakaryocytes/platelets)
iv. Myelofibrosis w/myeloid metaplasia (incr megakaryocytes and marrow fibrosis)
b. Myelodysplastic
i. Refractory Anemia
ii. Refractory Anemia with ringed sideroblasts
iii. Refractory anemia with excess blasts
iv. Refractory cytopenia with multilineage dysplasia
v. Myelodysplastic syndrome assoc with isolated del(5q) 
c. Leukemias (prolif w/o differentiation, >20% blasts)
i. Acute lymphoblastic leukemia (ALL)
ii. Acute myelogenous leukemia (AML)
d. Lymphomas
iii. Hodgkin
· Nodular sclerosis Hodgkin lymphoma
· Mixed cellularity Hodgkin lymphoma
· Lymphocyte rich Hodgkin lymphoma
· Lymphocyte depleted Hodgkin lymphoma
iv. Non-hodgkin
· Follicular lymphomas (act like cells in germinal center)
· Mantle Cell (act like cells in mantle zone)
· Marginal Zone lymphomas
· Acute lymphoblastic leukemia in the b.m./blood is known as acute lymphoblastic lymphoma in lymph node

· Chronic lymphocytic leukemia is found in b.m/blood; small lymphocytic lym
· phoma is found in lymph node
3. ANEMIA CLASSIFICATION
a. = Low Hgb = <13.5 M, <11.5 F.  Due to blood loss, decreased production, inefficient hematopo, increased destruction

b. Microcytic 
i. Thalassemias

ii. Anemia of chronic disease, late stage
iii. Iron deficienicy (most common)
iv. Lead poisoning

v. Sideroblastic Anemia
c. Macrocytic

i. B9 (folate) deficiency - megaloblastic
ii. B12 (cobalamin) deficiency - megaloblastic
iii. Liver disease/cirrhosis (large stomatocytes/target cells)
iv. DNA inhibitors
d. Normocytic

i. Reticulocyte count <3% 
· acute blood loss (takes 7 days to form new retics)
· early stage iron loss

· early stage anemia chronic disease

· aplastic anemia (b.m. can’t make cells – often due to chemo, can be infection, genetic)
· renal disease (dec EPO synthesis)
ii. Reticulocyte count >3%

· Intrinsic RBC defect 
a. Hemolytic anemias (membrane defect)
i. Hereditary spherocytosis

ii. Hereditary eliptocytosis

iii. Paroxysmal nocturnal hemoglobinuria

b. Hemoglobinopathies (abnormal Hgb)
i. Sickle cell disease

ii. Thalessemia

c. G6PD deficiency (enzyme defcy)
· Extrinsic RBC defect (“extracorpuscular”)
a. Chronic blood loss

b. Autoimmune hemolytic anemias (Ig or complement on the RBC)
c. Microangiopathic hemolytic anemia (DIC)
d. Myelofibrosis (HSC crowded out by fibrosis)

e. Infxn: Mycoplasma, Mono, Malaria

f. Trauma 
Iron Defcy Anemias

· Almost always due to blood loss, only diet related if peds

· Iron stores/RE lost first, then transferrin, Hgb, and enzyme iron

· Transferrin binds two Fe and releases it to nucleated RBCs (where made into Hgb).  Picks Fe up from GI mucosa, RE, hepatocytes via ferroportin receptor (basal).  

· Ferritin is storage form (thus rises in iron overload, vs transferrin which is down-reg), hemosiderin is partially digested ferritin. 

· Hepcidin (-) Fe absorption by dampening ferroportin receptor.  HFE = gene that controls transferrin receptor (programs amt of iron mucosal cells should take up).  DMT-1 (luminal) allows iron into mucosal cells.

· Ferric form (+3) is in food, only ferrous form is absorbed

· Both size of stores and rate of EPO dicate how much is absorbed.

· Stores must be completely depleted before anemia develops -> microcytic and later, hypochromic anemia

· Labs = MCV <80, MCHC decr, low serum Fe, low serum ferritin, low Fe saturation

· Smear = enlarged central pallor, anisocytosis with microcytes
· Clinical = pica, spoon nails
Sideroblastic Anemias

· Either x linked rec or acquired (EtOH/lead)
· Failure to form heme, tho iron is available -> iron accum, seen as granules around nucleus “ringed sideroblast”

Iron overload: hemosiderosis -> hemochromatosis (inherited auto rec or acquired (more common) due to excessive transfusions, thals). Will cause endocrine dysfxn, cirrhosis, cardiomyopathy, hyperpigmentation.

Anemia of Chronic Disease
· Labs = low serum Fe, normal serum ferritin, Prussian blue stain of marrow is positive

· Shortened RBC life + failure of BM to respond -> low retic count

· Shift of iron from Hgb to stores (thus anemic but normal ferritin)

· Treat underlying chronic disease, Fe wont work

Megaloblastic Anemias
· B12 defcy due to impaired absorption (often pernicious anemia), increased need (preg, neoplasms)
· Slow onset/large stores (yrs), body adapts -> severe anemia + neuro sx
· Impt for homocysteine to methionine (methionine transferase)

· Folate defcy due to poor diet (EtOH), increased need (preg, infants), impairment (MTX)

· Quick onset/small stores (last few months), no neuro sx

· Impt for dUMP to dTMP (thymidylate synthase)
· Labs = MCV >80, low retic/elevated LDH and bili/elevated serum Fe (due to intramed destruction)

· Smear = macroovalocytes, hypersegmented neutros / BM = megalo-erythroblasts

· Tx = B12 SQ, folate PO, always check both, as folate can mask anemia caused by B12 w/o fixing neuro probs
Hemolytic Anemias

1. Define “intravascular hemolysis”

a. Less common
b. Severe and rapid hemolysis w/in the vasculature
c. Copious free plasma hemoglobin overwhelms binding capacity, excreted in urine w/complication of renal toxicity
d. ex: mismatched blood transfusion

2. Define “extravascular hemolysis”

a. Majority of hemolytic anemias
b. Follows an insidious hemolysis occurring in liver/spleen

c. Hemolysis is gradual enough that it can bind to serum proteins

3. How do defects in RBC membrane and metabolism induce specific hematological disease states?

a. General – RBC membrane consists of lipid bilayer that is anchored to an inner protein matrix by glycophorin proteins

b. Any inherited/acquired defect affecting interactions of RBC membrane components or stability -> short life span aka HA 

4. What are the clinical features of hemolysis?

a. Pallor, fatigue

b. Aplastic crisis w/viral infections (parvovirus B19), due to suppression of bone marrow erythropoiesis

c. High bilirubin (breakdown product of hemoglobin) leads to various manifestations: jaundice, red urine, gallstones
5. In hemolysis, what is the effect on these lab values:

a. Serum bilirubin is high (breakdown of hemoglobin)

b. Serum LDH is high (RBC intracellular enzyme = marker for lysis)
c. Reticulocyte count is high (marrow tries to compensate for loss)
d. Serum haptoglobin is low 

i. haptoglobin/hemopexin bind Hgb to remove it from blood as protection against oxidative damage from iron/sequester Fe from bacteria (who use it as energy source = bad)
ii. haptoglobin forms complex with hemoglobin that is removed by reticuloendothelial system, thus hapto is low

e. RBC survival time is lowered (definition of hemolytic anemia)
6. Recognize the Embden-Meyerhoff pathway (NADPH from PPS + glutathione)
a. G6PD deficiency impairs this process since G6PD is the rate-controlling enzyme
b. Pathway maintains methemoglobin reductase, the enzyme that converts ferric to ferrous iron
c. Reduced glutathione is maintained (via NADPH production from PPS) to maintain hemoglobin (prevent oxidation to methemoglobin)
7. Hereditary Spherocytosis
a. Defective structural membrane protein, mostly ankyrin/spectrin, causes misshapen and fragile RBCs, vertical
b. Autosomal dominant with incomplete penetrance

c. Physical examination

i. Variable severity depending on steady-state Hgb levels, i.e. rate of splenic destruction of RBCs
1. in severe splenic-caused anemia a splenctomy will restore Hb levels (via inc RBC lifespan)

ii. Fatigue, neonatal jaundice, gallstones, aplastic crisis w/viral infection

d. Erythrocytes appear spherical, normocytic, lack central pallor

e. Reticulocyte count is high – it’s a membrane protein defect, it’s not a bone marrow problem
f. Direct Coombs test is negative – it is due to membrane protein defect, not Ab/complement attack
g. Osmotic fragility test results demonstrate weak RBC membranes (O2 binding still OK but lysis is frequent)
8. Glucose 6 Phosphate Dehydrogenase (G6PD) deficiency

a. G6PD = crucial enzyme for NADPH (via PPS) mediated creation of glutathione which prevents ROS damage

b. G6PD deficiency -> oxidized hemoglobin aka methemoglobin, which precipitates in the RBC as a Heinz Body
i. Spleen attacks RBCs with Heinz bodies resulting in destruction or bite cells

c. Rapid drops in Hgb levels following exposure to antimalarial drugs (primaquine), napthelene (mothballs), fava beans, sulfa
d. X-linked (affect men almost exclusively), protective against malaria so, it’s often seen in malaria areas (or w/African heritage)
9. Paroxysmal Nocturnal Hemoglobinuria

a. ONLY acquired intrinsic RBC defect

b. Defect = abnormal marrow stem cell clone -> aplastic anemia, leukemia, MDS

i. Specifically, loss of GPI linked proteins in cell membrane -> complement mediated destruction 

c. Complications of PNH

i. Hemosidenuria/Hemoglobinuria -> iron deficiency

ii. Thrombosis of large veins (ex) Budd-Chiari syndrome (recurrent abdominal pain due to hepatic vein blockage)

10. Immune-Mediated Hemolytic Anemia

a. Hemolysis caused by destruction of Ab-coated RBC by spleen
b. Direct vs Indirect Coombs test

i. Direct: pt RBC + human anti-Ab.  If Ab is on RBC surface > agglutination

ii. Indirect: pt serum + donor RBC.  If Ab in serum, will bind RBC Ag, then + human anti-Ab and as above

c. Warm – IgG or complement vs Cold – IgM type, often associated with mycoplasma, mononucleosis, lymphomas

d. Management by frequent transfusions, high dose steroids, hydration (protects the kidney)
Hemoglobinopathies & Thalassemia

1. O2 dissociation curve: HbF – left shift ; HbS – right shift
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2. Types of Hb found in normal adult/fetal blood

a. Alpha chains - chromosome 16 (4 copies) ; beta - chromosome 11 (2 copies)
b. HbA = a2β2   HbA2 = a2δ2   HbF = a2γ2   
c. Normal: HbA = 96%, HbA2 = 3%, HbF = 1%

3. Hemoglobinopathies are due to structurally abnormal Hgb, via point mutation in alpha or beta chain
a. HbS = a2βs2 – NO normal beta
i. SS = Sickle Cell (see below)
ii. AS = Sickle Cell Trait.  NO sickle cells should ever be seen! May have mild renal sx
iii. S b-thal = if bo, no HgA ; if b+, some HgA
b. HbC = a2βc2. – NO normal beta

i. CC = target cells + hemolytic anemia

c. Unstable Hb

i. Heme separates from globin with slightest oxidative stress, oxidized -> Heinz bodies + hemolytic anemia
d. Hb Bethesda (high O2 affinity)

i. Slow release of O2 to tissues results in poor tissue oxygenation

ii. Body compensates by increasing erythropoietin by the kidney -> inc RBC synthesis

iii. Polycythemia with hyperchromic RBCs, high O2 saturation, left shifted curve

e. Hb Kansas (low O2 affinity)

i. Poor O2 affinity results in high levels of deoxyHb, right shifted curve

ii. Mild Cyanosis can occur but is usually manageable by avoiding extreme metabolic conditions

f. HbM (Hb Boston)

i. Cell loses ability to maintain ferrous iron -> ferric iron cannot hold oxygen -> congenital cyanosis

ii. Normal O2 saturation, brown blood
g. HbE

i. E b-thal = severe transfusion dependent condition – similar to thal major

4. Sickle Cell Anemia

a. Abnormal HbS (val substituted for glu) -> deformed RBCs (rigid, stick to endothelial cells) > b-vessel occlusion/stasis/ ischemia/hyperviscosity (vicious cycle) + hemolysis (due to deformed membrane)
i. Hemolytic Sx = pallor, aplastic crisis w/viral infection, etc
ii. Vaso-occlusion Sx = musculoskeletal/bone pain, dactylitis, osteonecrosis, strokes, pulm infarct
1. splenic sequestration crisis – polling of blood in spleen > life-threatening hypovolumic shock (kids)
2. lifelong risk of severe bacterial infections – due to loss of spleen following ischemic necrosis

a. “the crisis in sickle cell disease is FEVER, not pain”

3. renal ischemic necrosis > loss of ability to concentrate urine > polydipsia, dehydration

b. Dx 

i. Solubility test – lyse RBC, the deoxygenated HbS is insoluble and solution becomes opaque

ii. Electrophoresis – HbS migrates slowest

iii. Also, demo hemolytic anemia – microcytic/hypochromic, high retics, high bilirubin, low haptoglobin, sickling RBCs

c. Tx
i. Transfusions – for severe anemia, prevents strokes, before general anesthesia

ii. Penicllin - prophylactic measure, reduces childhood mortality
5. Thalassemias are due to decreased amounts of structurally normal Hgb, autosomal recessive
a. Alpha – 4 loci, 2 on each chromosome (a is normal, a+ ​means only one loci affected, a0 means both loci are affected)
i. 1 affected loci is a silent carrier (a+,a)
ii. 2 affected loci is alpha thalassemia trait (a0, a if cis ; a+,a+ if trans), mild microcytic/hypochromic anemia commonly mistaken for iron deficiency anemia

iii. 3 affected loci is HbH disease (a0, a+), moderate microcytic/hypochromic anemia + hepatosplenomegaly due to extramed hematopo, Heinz bodies/target cells
iv. 4 loci affected is HbBarts (a0, a0), hydrops fetalis and death results
b. Beta – 2 loci, 1 on each chromosome.  Same abbrev as before.  See elevated HbA2 / HbF + hemolytic anemia
i. 1 affected loci is b-thal minor (b,b+)
ii. 1 deleted or 2 affected are b-thal intermedia (b,bo ; b+,b+)

iii. 2 deleted loci is b-thal major (bo,bo)

1. pathophysiology: fine until 6 months child b/c of HbF, then, excessive alpha chains damage RBCs > destruction in the bone marrow during erythrocyte synthesis > severe microcytic/hypochromic hemolytic anemia

2. compensation: anemia signals kidney to increase secretion of erythropoietin

a. EPO > erythropoesis in BM > incr reticulocytes in the blood
3. extramedullary erythropoesis: causes hepatosplenomegaly + bone marrow expansion (abnormal faces, hair-on-end appearance of skull bones)
4. associated infections: auto-splenectomy (by ischemia/fibrosis) > risk of encapsulated bacterial infxn + iron toxicity (by hemolysis) > growth of some microbes (yersinia)
5. treatment: frequent transfusions > iron overload, thus co-tx w/ chelator deferoxamine
a. Consequences of iron overload = pituitary > growth problems, heart > cardiomegaly/myopathy, pancreas > diabetes, liver > elevated enzymes
Myelodysplastic/Myeloproliferative

1. MDS = BM disorder with dysplastic changes in 1+ cell lines (hypercell marrow, empty blood), all can > AML only
a. Usually in elderly, juvenile form due to monosomy7

b. NOT assoc w/ lymphadenopathy 

c. Morphological changes
i. Erythro:  macroovalocytes, ringed sideroblasts, non-round nuclei, uncondensed chromatin
ii. Granulo:  hypogranulation, hypo/hypersegmentation (hypo = pseudo Pelger-Huet)
iii. Megakaryo:  large plt, micromegs, odd # nuclei, decr granules  
d. Blood changes

i. Erythro:  dimorphic RBCs, macrocytic anemia, low retics

ii. Granulo:  neutropenia, circulating blasts 
iii. Megakaryo:  THBpenia
e. Bone Marrow

i. Hypercellularity, but ineffective hematopoesis + marrow fibrosis/increased iron stores
ii. Erythro:  erythroid hyperplasia
iii. Granulo:  myeloid hyperplasia, immature cells (ex) bands, basophils, monocytes
iv. Megakaryo:  clustered megs
f. Refractory Anemia (RA)
i. Refractory (i.e. does NOT respond) to iron therapy
ii. May present w/ hypocell marrow, resembling aplastic anemia

iii. Only affects RBC, which are macrocytic/normocytic – first rule out B12/B9

iv. BM shows hyperplasia of erythroid precursors but erythroblasts <5%

v. Smear shows macroovalocytes and no blasts
g. Refractory Anemia w/ Ringed Sideroblasts (RARS)

i. RA + >15% of RBCs have ringed sideroblasts

ii. Dimorphic population of RBCs
h. Refractory Anemia w/ Multilineage Dysplasia (RAMD)
i. RA + dyplasia of at least one other myeloid cell line
ii. Often related to therapy with alkylating agents
iii. Despite dysplasia, no increase in blasts
i. Refractory Anemia with Excess Blasts (RAEB)
i. Type 1 – up to 10% blasts
ii. Type 2 – 11-20% blasts, and/or Auer rods (clumps of lysosomes, poor Px indicator)
iii. Highest grade MDS but still <20% blasts (if >20% blasts, automatically = acute leukemia) 
iv. Normochromic, macrocytic anemia w/ anisopoikilocytosis and some nucleauted RBCs

v. BM has myeloblastic hyperplasia > crowds out normal cells > neutropenia/THBpenia
j. Cytogenetics

i. 5q- syndrome

1. Older women with severe macrocytic anemia/THBcytosis
ii. Monosomy 7

1. Young males, anemia, leukoerythroblastosis, hepatosplenomegaly, recurrent infxns
iii. 17p deletion

1. Pelger-huet & cytoplasmic vacuoles, dysgranulopoeisis, p53 mutation
2. MPS = BM disorder w/ proliferative changes in 1+ cell lines (hypercell marrow and blood)
a. <20% blasts, thought of as “chronic leukemia”

b. All show extramedularly hematopoiesis, thus hepatosplenomegaly + sx of anemia
c. No signs of dysplasia
d. Chronic Myeloid Leukemia

i. Abnormal pluripotent stem cell > proliferation of all myeloid cell lines, esp granulocytes
1. BCR/ABL fusion gene/Philadelphia chromosome t(9;22)
ii. 50/60s, marked leukocytosis, B Sx (fever, night sweats, wt loss >10%)
iii. Chronic Phase - hypercellular bone marrow, left shifted, increase baso/eosinos 

iv. Accelerated Phase - rise in blasts up to 20%, or basophils >20%
v. Blast Phase - resembles acute leukemia w/blasts >20%
vi. Tx w/ Gleevac
e. Polycythemia Vera
i. Increase in RBC production > increase Hgb
ii. Proliferative Phase - panmyelosis
iii. Spent Phase – splenomegaly, fibrotic marrow, dacrocytes (teardrop cells)
f. Essential thrombocytosis 

i. Thrombocytosis w/ plt >600,000 

ii. Platelets are HUGE (but not dysplastic), >20 plt/high power field
iii. Platelets do not fxn properly -> bleeding and/or clotting 

g. Myelofibrosis w/myeloid metaplasia = “chronic idiopathic myelofibrosis”
i. Proliferation of megakaroycytes and granuocytes in marrow with marrow fibrosis

ii. Prefibrotic – large/dysplastic megs, dry taps due to fibrosis
iii. Fibrotic – symptomatic, dilation of marrow sinuses, marked fibrosis, dacrocytes, bizarre plts
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Acute Leukemias
1. >20% blasts, sx of BM failure (bruising, fatigue, recurrent infections)
a. Age 0-15 think ALL, 15-60 think AML

2. AML – MPO+, myeloid: CD13/33/117, blast: CD34/HLA-DR, mono: CD11b/11c/14, meg: CD41/61
a. AML w/ recurrent genetic abnormalities

i. t(8:21) – w/ granulocyte maturation (M2), most common in adults
ii. inv(16) – w/ mixed myelo/mono (M4)

iii. t(15:17) – w/ promyelocytes (M3), assoc Auer rods/DIC, HLA-DR/CD34 (-), tx w/ ATRA
iv. 11q23 – w/ mono (M5), assoc topo II inhibitors/gingival hyperplasia, CD11b/11c/14 (+)

b. AML myelodysplasia related

i. AML + dysplasia in 2+ cell lines, CD13/33/34 (+)
c. AML therapy related
i. via alkylating agents, radiation therapy, topo II inhibitors
d. AML NOS
i. AML minimally diff (M0) – MPO-, CD13/33/34/117+
ii. AML w/o maturation (M1) – MPO+, CD13/33/34/117+
iii. AML w/ maturation (M2) – MPO+, CD13/33/34/117+, Auer Rods
iv. AMML (M4) – MPO+, CD13/33/11b/11c/14+, NSE+
v. Monoblastic/Monocytic (M5a/M5b) – as above, almost all monos, weakly MPO+
vi. AEL (M6) – erythro/myelo or pure erythro, pure is MPO-
vii. AMegL (M7) – CD41/61+, marrow fibrosis
viii. AML assoc w/ Down Syndrome – transient, neonates, usually AMegL
e. Myeloid Sarcoma – extramedullary tumor mass prior to, or with a myeloid leukemia
3. ALL – TDT+, lymphadenopathy, hepatosplenomegaly, lymphoid: CD2/3/4/8 (T) ; CD19/20 (B) ; CD10
a. Precursor B ALL 

i. Children, pancytopenia, variable white count

ii. CD10/19+
iii. Assoc w/ 9:22 (Philly)
b. Precursor T ALL

i. Adolescents, mediastinal mass, very high white count
ii. CD10/3+

4. Aplastic Anemia – loss of HSC > hypocellular BM and panctyopenia, no dysplasia, assoc w/ viruses/chemo/hereditary
5. Burkitts Lymphoma - aggressive B cell leukemia/lymphoma, starry sky + vacuolated cytoplasm, myc translocation

Chronic Leukemias
1. Tend to be elderly, incurable (tx is palliative)
2. CLL – lymphadenopathy, small/mature lymphos (>20/high power field), CD5 B cells, smudge cells
a. Splenomegaly is late sx, can progress to PLL or diffuse large cell lymphoma (Richters syndrome)
b. Rai Stages: 0 = lymphocytosis ; I = +LN ; II +h/s-megaly ; III = +anemia ; IV = +THBpenia
3. PLL – massive splenomegaly, NO lymphadenopathy, large cells w/ prominent nucleolus
4. HCL – older male, splenomegaly, NO lymphadenopathy, pancytopenia, low white count, fuzzy cell border, TRAP+
5. LGLL – large cells w/ granules, arthropathy
6. ATLL – lymphadenopathy + hepatosplenomegaly, skin lesions, clover-leaf nuclei, assoc w/ HTLV-1
Lymphomas

1. Hodgkins – highly curable, NO leukemic component, test ESR, tx = ABVD
a. Reed Sternburg (CD30+), nodular sclerosis, bimodal age, painless lymphadenopathy/contiguous spread, leukocytosis, N/N anemia
b. Ann Arbor (is a whore) Stage I-IV (+/-) B sx (+/-) E, if extension.  Bulky dz if widening of mediastinum.

2. Non-Hodgkins – cure rate variable, leukemic component, test LDH, tx = R-CHOP
a. Low Grade = slow growing, incurable, advanced at presentation, elderly

i. Follicular Lymphoma – follicular growth pattern destroys normal lymph node architecture, cleft cell
1. t(14:18) = bcl2 overexpression 

ii. MALToma – marginal zone lymphoma

1. usually gastric, assoc w/ H Pylori, massive splenomegaly
b. High Grade = aggressive, better cure rate

i. Mantle Cell Lymphoma – worst px of all b/c aggressive but NOT curable

1. t(11:14) = bcl1  overexpression
ii. Burkitts Lymphoma – endemic (Africa, jaw, EBV+) or sporadic (nodal, EBV-), curable
1. t(8:14) = myc overexpression
2. starry-sky + vacuolated cells

iii. Diffuse Large Cell Lymphoma – intermediate grade lymphoma, depends on age/stage/LDH/#nodes

iv. Mycosis Fungoides – T cell lymphoma

1. cutaneous lesions

2. if MF + circulating lymphoma cells (w/ folded nuclei) = Sezary Syndrome
3. Immunoproliferative – malignant proliferation of plasma cells

a. Multiple Myeloma – malignant plasma cells secrete only IgG > monoclonal spike on SPEP, tx = palliative
i. Secretion of OAF by plasma cells > lytic bone lesions
ii. Smear shows plasma cells w/ perinuclear halo, Rouleux formation
iii. Increased serum prot > depo in kidneys > renal failure and urine Bence-Jones protein

1. Also > hyperviscous blood + amyloidosis

iv. Ab defcy > increased infxn

v. Clinical presentation = elderly pt w/ back or bone pain

b. MGUS – everything normal except for elevated plasma cells

c. Waldenstroms – cells are plasma/lympho mixed, organomegaly, IgM
Platelet Disorders
1. Normal plt structure/fxn

a. alpha granules = ADP/Ca ; dense granules = fibrinogen/vWF/fV/PF4

b. CLOT FORMATION = vessel damage > reflex vasoconstriction + exposed sub-endothelial collagen/TF > vWF binds collagen > plt Ib receptor binds vWF > plt activation > shape change, phospholipids expression, granule release > plt aggregation (ADP/TXA2 = potent aggregators) via fibrinogen x-links btw plt IIb/IIIa receptors > primary hemostasis (unstable clot) > coag cascade > generation of THB > conversion fibrinogen into fibrin > fibrin polymer formation w/ fXIII which stabilizes clot
c. CLOT LYSIS = tPA/streptokinase > conversion of plasminogen to plasmin > breakdown of fibrin into FDP

d. CASCADE INHIBITION = thrombomodulin (endoth) > prot C* > (-) fVIIa, fVa + (-) tPA inhibitors > inhibition of INT pathway + fibrinolysis

e. Tests

i. PT = measure EXT via vit-K dependent fII/V/VII/X, warfarin
ii. aPTT = measure INT fVIII/IX/XI/XII, heparin
iii. TT = measure defcy of fibrinogen or if (-) of THB

iv. BT = measure abnormal plt fxn, i.e. longer in THBpenia, aspirin therapy
2. Vascular Disorders = easy bruising and spont bleeding, due to vessel abnormality

a. Hereditary Hemorrhagic Telangiectasia – dilated vascular swellings in skin/GI tract > hemorrhage > anemia
b. Ehlers-Danlos Syndrome – collagen abnormality > purpura, hypertext joints
c. Senile Purpura – atrophy of supporting tissue of cutaneous vessels > small bleeds
d. Steroid Purpura – above but assoc w/ long term steroid use
e. Henoch Schonlin syndrome – in kids following acute infxn, IgA mediated
f. Scurvy – vit C defcy > defective collagen > bleeding from mucous membranes, petechiae
3. THBpenia = low plt count due to decr production or incr destruction

a. ITP – chronic: women, plt auto-Ab > early destruction ; acute: children, self-limiting following vaccination/infxn
b. TTP – inherited defcy of metalloprotease OR acquired w/ auto-Ab, tx w/ FFP, sx = fever, HA, neuro
c. HUS – children, assoc w/ E. Coli, damages kidneys + splenic pooling
d. Drug-related – following transfusion, heparin, quinine, “allergic” rxn to substances (lab ex of varnish)
4. Plt Fxn Disorders

a. Glanzmanns – AR, defcy of GPIIb/IIIa
b. Bernard-Soulier – defcy of GPIb
c. Gray Plt Syndrome – absence of alpha granules
d. Drug-related – primarily aspirin therapy, COX (-) > no TXA2 for life of plt > anti-coag state
5. Coagulation Disorders

a. Hemophilia A – XlinkR, defcy of fVIII, joint bleeds, abnormal aPTT, tx w/ fVIII infusions*
b. Hemophilia B – XlinkR, defcy of fIX, same as above, tx w/ fIX infusions*
*may develop Ab to transfused factors
c. vWD – AD, defcy of vWF, mucous membrane bleeding/excessive in superficial cuts, longer BT, tx DDAVP
d. Vit K Defcy – due diet, malabsorption, warfarin, abnormal PT
e. Liver Dz – decr thrombopoeitin > THBpenia and/or biliary obstruction > vit K malabsorption
f. Renal Dz – failure > retained phenol/guanidine > stick to plt and impair aggregation > very slow BT w/ normal plt count

g. DIC – activation of both coag/fibrinolytic system > consumption of clotting factors and plts > THB or hemorrhage
i. low plt/low fibrinogen (indicate coag) high PT/high aPTT (indicate anti-coag) FDB+ (indicate clot lysis)

ii. tx w/ FFP – anti-coag drugs may > bleeding and fibrinolytic (-) may > not lyse thrombus in major organs (= bad)

h. Factor V Leiden – polymorphism that makes fV resistant to cleavage by prot C > incr risk thrombosis (homo>hetero)
i. Most common in N European descent, req life-long anticoag tx (lab ex)

i. Anti-THB Defcy – AD, due to decr synthesis or abnormal fxn > inability to neutralize THB > recurrent thrombi
j. Prot C/S Defcy – AD, vit K dependent so if on warfarin AND have decfy, extremely low levels > inability to (-) coag cascade > thrombi in cutaneous vessels > skin necrosis
k. ProTHB G20210 – mutation > incr proTHB > incr risk of thrombosis

Stem Cell Transplantation/Transfusion Medicine

1. HSCT = ablation of marrow by chemo/radiation + transfusion of HSC (CD34+) which can regenerate entire lympho/myelo system

a. Harvest by bone marrow aspiration from pelvis or apheresis of blood

b. Autologous = use pt’s own marrow

i. PRO: obviously a match, less toxicity

ii. CON: SC are abnormal to begin with

iii. Tx HL, NHL, MM, some leukemias, testicular cancer, neuroblastoma

c. Allogeneic = use HLA matched donor (sibling [1/4 chance]>family>unrelated)

i. PRO: SC are normal, graft vs tumor effect

ii. CON: finding donor, GVHD (good and bad), infxn

iii. Tx HL, NHL, AML/ALL, CML, MDS, Aplastic, Thals, Sickle Cell, SCID
d. HLA matching: blood grps DO NOT have to match but HLA must.  HLA genes impt for antigen presentation to T-cells, if don’t match, these prot are seen as foreign > tissue rejection.

e. Intense supportive care s/p transplant – myelosuppression > neutropenia (gram + infxn), anemia, THBpenia, organ failure

f. aGVHD = another form of tissue rejection due to minor Ag in pt tissue (which donor cells see as foreign and DESTROY!)
Autobots wage their battles to destroy the evil forces of …the Decepticons!
2. Red Cell Antigens 

a. ABO System

i. ABO Abs are most important Abs in transfusion process & solid organ transplant process
ii. they are naturally occurring in persons lacking the Ag

iii. they are IgM, thus fix complement > intravascular hemolysis

iv. A – N-acetyl galactosamine; B- galactose; O- unmodified
v. Secretor gene present in 80% of the population

1. gene causes presence of ABO substances in secretions (saliva, tears, etc)

b. Rh System

i. 10-20% lack D (i.e. Rh) Ag

1. very immunogenic – will form Ab upon exposure one exposure 

2. IgG Ab which can cross placenta > hemolytic disease of the newborn

3. hemolysis is usually extravascular (since IgG is only partially able to fix complement)

c. Other Blood Groups

i. the Abs must react in vivo at body temperature to be clinically sig (all IgG, some IgM)
ii. chronically transfused pts are exposed to many Ags, thus may develop multiple antibodies
3. Blood Bank Techniques

a. IgM can be tested at (such as antiA and antiB)

b. IgG required incubation at 37c to bind to Ag
c. Use indirect for crossmatching, use RBCs of donor and serum of pt and test for reaction, if agglutination, pt has Ab to donors RBCs and CANNOT TRANSFUSE
4. Crossmatching and Pretransfusion Testing

a. If transfusing, need:
i. ABO & Rh group of the Pt

ii. Ab screen of pt’s serum (indirect Coombs) to detect clinically significant and perhaps unexpected Abs
iii. In vitro compatibility of pt’s serum w/donor’s RBCs

b. A “type & screen” is above i. and ii. – done as safety measure when transfusion is not likely
c. A “type & cross” is all three, performed before a transfusion
5. Complications of Transfusions

a. Hemolytic Transfusion Reactions

i. Immediate (can be life-threatening)

1. Intravascular

a. IgM or IgG, ABO activates complement, results in destruction of incompatible RBCs

b. Lysed components may result in hemoglobinemia, hemoglobinuria, DIC, acute tubular necrosis

c. This includes transfusion related acute lung injury, sepsis, febrile reactions, circ overload
2. Extravascular

a. Ab does not activate complement

b. Ig covered RBCs removed by reticuloendothelial system with mild hemolysis

ii. Delayed

1. If previously sensitized by transfusion/preg, but levels of Ab are below ability to screen in pretranfusion testing > re-exposure to Ag > mild hemolytic anemia in about a week
iii. Major hemolytic transfusions reactions

1. most often due to immune reaction – recipient has Abs to donor RBC Ags

2. DIC and Acute Tubular Necrosis (renal failure) are the key clinical concerns

3. many SMx, such as pain, fever, can be hid by anesthesia

4. a true medical emergency and treatment must be given rapidly (normal saline only)
5. stop transfusion immediately, may be clerical error, treat immediately to prevent DIC/ATNecrosis

6. key prevention is must collect sample and patients identification correctly

b. Other complications of Transfusion

i. Bacterial contamination w/ G+ cocci (esp w/ plt transfusion), Hepatitis B, CMV
ii. Transfusion related acute lung injury > ARDS, due to donor Ab to pt HLA Ag
iii. Febrile non-hemolytic transfusion reactions

1. Increased pyrogenic cytokines cause the hypthalmus to change rate of thermoregulation

2. Prevented by leukodepletion of donated blood
iv. Allergic reactions = transfused allergen reacts with preformed IgE and activates mast cells
v. Circulatory overload

1. dyspnea, headache, heart failure in those with low cardiac reserve (elderly/anemic/infants)
2. prevented by slow administration of blood, half rate = 1mL/kg/hr, and use diuretics
vi. Iron Overload = esp a problem in the chronically transfused (thalassemia), tx w/ iron chelation (deferiserox)
6. Blood Products

a. General

i. Leukodepletion prevents febrile rxns/alloimmunization to HLA Ags and CMV transmission
ii. Autologous transfusion contras = anemia and infxn
iii. Salvage = blood recovered/reinfused during surgery, blood must be “clean” (no cancer or abdominal surgery)
iv. Hemodilution = replacing blood w/ saline
b. Red Blood Cells

i. should not be given if anemia can be corrected (iron, folate, B12, etc)

ii. transfusion beneficial if <7g Hb

iii. documentation of rationale for transfusion in Pt’s chart is very important
iv. expected inc of 1g Hgb/dL for each transfused unit
c. Platelets

i. To correct thrombocytopenia, esp before major surgery
ii. Contras = TTP, HUS, HIT
d. Fresh Frozen Plasma 

i. contains all the coagulation factors in normal concentrations 

ii. tx coagulopathies, TTP/HUS, reverse coumadin
e. Cryoprecipitate

i. concentrated source of fibrinogen, vWF, fVIII
ii. tx hypofibrinogenemia (vWD/hemophilia now tx w/ purified factors)
Hematology Pharmacology

1. Coagulation Disorders

a. Heparin

i. activates antithrombin III, a natural anti-coagulant

ii. Pt’s with a deficiency in AT-III will not respond well

iii. Has a very effective antidote (protamine)

iv. Short duration of action – will reverse quickly, effective as short acting coagulant
v. More likely to cause HIT = autoimmune reaction against heparin-PF4 complex > platelets are fxn but clumped > proTHB state
b. LMW Heparin

i. Enoxaparin, dalteparin, tinzaparin 
ii. Better absorption/bioavailability but only partial reversal w/ protamine
iii. Longer acting – adv in noncompliant, ease of administration

iv. Less likely to raise osteoclast activity (good if preg/post-meno) and cause HIT
v. Renally cleared – good for liver pts
c. Thrombin Inhibitors

i. Direct: Bivalirudin, Argatroban, Lepirudin
ii. Indirect: Fondaparinux 
iii. Tx for HIT (warfarin can also be used after platelets raised w/thrombin inhibitors)
d. Warfarin

i. MOA: inhibits Vit-K Eposide Reductase (VKOR)

ii. Oral, antidote = vitK or FFP if need immediately, aim for INR of 2-3
iii. Inhibits action of Vit-K in activating factors II, VII, IX, X, and the endogenous anticoagulation factors (C, S)
1. does not decrease size of already-formed clots

2. initial therapy should be bridged with another anti-coagulant

a. slow onset of action since many of these Vit-K coagulation factors that have long t1/2s
b. Proteins C,S (anti-coagulants) have short t1/2s, thus are eliminated first -> procoagulant state (so you must avoid high loading dose)
3. initially INR may appear to reach normal levels, but is likely due to elimination of short t½ factor VII while others like factor II have not yet been eliminated, thus the pt will get even more anti-coagulated after a few days

iv. DDI: interacts with basically everything, also must worry about diet (Vit-K foods)

e. Anti-Platelets = “Anti-Platelet Aggregation”
i. Acetylsalicylic acid
1. irreversibly inhibit COX so arachidonic acid doesn’t > thromboxaneA2, TXA2 is a platelet agglutinator
2. S/E: dyspepsia, GI bleed

3. stop use 7-10days before major procedure (the t1/2 of a platelet)

4. could be monitored by bleeding time but not by platelet count (aspirin only inhibits agglut, not the #)
ii. Clopidogrel
1. irreversibly inhibits adenosine (ADP) so that aggregation of platelets does not occur
iii. Dipyridamole (+ aspirin)
1. inhibits uptake of adenosine through prostacyclin pathway
f. Thrombolytics

i. MOA: enhance plasminogen > plasmin formation, which breaks down fibrin

ii. used in PE, ischemic stroke, MI

iii. First generation = Streptokinase, Urokinase

iv. Second generation = Tissue Plasminogen Activator (t-PA)= only one approved for stroke (w/in 3hrs)

2. Bleeding Disorders

a. Factor VII

i. Goes after all thrombin, not only in blood but also on EC, platelets = effective anti-coagulant

ii. Tx for hemophilia
b. Anti-Thrombolytic Drugs

i. Aminocaproic acid
1. blocks action of plasmin on fibrin, BUT can > thrombosis too
2. only drug to inc survival in GI bleeding (while proton pump inhibitors could not)

3. Contra in ischemia stroke, intracranial bleeds
c. Anti-Hemophilia products

i. exogenous factor VIII (hemophilia A) and IX (hemophilia B)

d. Other drugs

i. Desmopressin (DDVAP) – control hemorrhage in vWD, any short-term control of bleeding

ii. Oxytocin – post-partum hemorrhage
iii. Octreotide – GI bleeding
3. Anemias

a. Megaloblastic
i. B12 deficiency is tx by Vit B12, subQ better bioavailability
1. cant use folate, since neurological defects are not ameliorated; they are just masked
2. need to treat for at least 6 months, start with high loading dose to saturate receptors (safeguard for compliance issues)
ii. Folate deficiency is tx with folate, low dose will cure

iii. Drug-induced MegaA not cured w/ folate/B12 unless drug=premetrexed
b. Microcytic
i. Oral iron most common, must be in ferrous (2+) form 
ii. IV form has better bioavailability, but > anaphylaxis (gluconate/sucrose better than dextran form)
1. = mainstay of tx in ESRD
c. Anemia of Chronic Disease (microcytic or normocytic)
i. Erythropoeitin Stimulating Agents: exogenous erythropoietin 
ii. S/E Controversy: “dark side of Epo” due to high incidence of thrombotic events and cancer activation
d. Iron Chelators

i. Important in thalassemia pts who are chronically transfused and get iron toxicity, low compliance
ii. IV deferoxamine, oral deferasirox 
iii. S/E: = infection risk, Fe supplies pathogens (yersinia enterocolitis/mucor) with energy source
4. MPD
a. CML
i. Imitinib (Gleevac), Dasanitib (req gastric acid), Niltanib
ii. MOA: inhibits abnormal tyrosine kinase created by BCR/ABL (Philadelphia chromosome)
iii. S/E: myelosuppression, QT interval prolongation
b. Essential Thrombocythemia

i. Anagrelide – reduces platelets specificically, Hydroxyurea reduces all cell lines > myelosuppression, Aspirin
5. MDS

a. Decitabine/Azacytidine, VPA is also hypomethylating and can be used in combo
b. MOA: inhibit DNA methyltransferase > hypomethylation of DNA > cell apoptosis
6. Leukemias

a. CLL (SLL)

i. First line: FCR – Fludarabine, Cyclophosphamide, Rituximab

ii. Fludarabine is anti-metabolites > immunosuppresion
b. Acute Myelogenous Leukemia (AML)

i. 7 days anti-metabolite cytarabine + 3 days of anthracycline idarbucin  (7 + 3)
ii. For M3 (acute promyelocytic leukemia) = t(15;17), problem is with retinoic acid, thus ATRA > normal diff
7. Lymphomas

a. NHL

i. Rituximab - used in all low grade and intermediate grade lymphomas + CHOP
ii. MOA: antiCD20 (B-cell marker), fixes complement, kills B cells by MAC complex

iii. S/E: first dose B cell lysis > cytokine release > infusion related reaction, but subsides following subsequent cycles

b. Diffuse Large Cell Lymphoma (DLCL)

i. R-CHOP

c. Mantle Cell Lymphoma

i. Hyper-CVAD (similar to CHOP)
d. Hodgkin’s Lymphoma

i. ABVD – adriamycin, bleomycin, vinblastine, dacarbazine
ii. MOPP – mechlorethamine, vincristine, prednisone, procarbazine
1. try to avoid in kids, alkylating agents can cause sterility
8. Bone Marrow Transplantation
a. Goals
i. Creation of space in BM for donated cells

ii. Suppression of pt immune system to prevent rejection

iii. Eradication of all tumor cells
b. Drug S/E are due to using huge doses (5x that of normal chemo), thus limiting factor is marrow toxicity
c. Non-myeloablative allogenic stem cell transplantation

i. Fludarabine

ii. Minimization of tumor intensity but maximization of immunosuppresion 
High Yield 

1. 2CdA – DOC for Hairy Cell Leukemia

2. ABVD – HL

3. ATRA – APL

4. Auer Rod – think AML, esp M3/M4
5. Basophilic stippling – lead toxicity

6. Bence Jones Protein – multiple myeloma
7. CD5 B-cell – CLL or Mantle Cell Lymphoma

8. Cerebriform nuclei – mycoides fungoides (cutaneous T cell lymphoma) 
9. Clover-leaf nuclei – ATLL

10. Dacrocytes (tear-droped cells) – myelofibrosis

11. Dimorphic RBC population – s/p transfusion

12. Gleevac (imitinib) – CML

13. GPIb defcy – Bernard Soulier

14. GPIIb/IIIa defcy – Glanzmanns

15. Hair-on-end xray – beta thal major

16. Heinz body/Bite cells – G6PD deficiency, unstable Hbs, thalassemias

17. Howell-Jolly bodies – poor splenic function (ex) post autosplenectomy

18. Hypersegmented neutrophil – megaloblastic anemias (B9/B12), MDS

19. Hyposegmented neutrophil – “pseudo Pelger-Huet cell,” MDS
20. Inc RDW – thalassemias, iron deficiency, B9/B12, SS
21. Macrocytic (but not megaloblastic) anemia –liver disease, large target cells, and stomatocytes
22. Macroovalocytes – B12 deficiency, MDS (but think B12 first)

23. Older male w/ massive splenomegaly, pancytopenia, and NO lymphadenopathy – Hairy Cell Leukemia

24. Punched out xray – multiple myeloma

25. R-CHOP – NHL

26. Richter Syndrome – CLL that transforms to DLCL

27. Ringed sideroblasts – iron overload, MPD-RARS, lead poisoning

28. Rouleaux formation – multiple myeloma
29. Schistocytes (pointed) – intravascular hemolysis

30. Sezary Syndrome – T-cell lymphoma that moves into the blood

31. Sickle cells + target cells = HbS/HbC heterozygote
32. Smudge Cell – CLL

33. Spherocytes (loss of central pallor) – hereditary spherocytosis
34. Starry-sky appearance – Burkitt’s
35. Target cells – extra RBC membrane seen in HbC and thalassemia

36. TRAP+ - Hairy Cell Leukemia

37. t(8:14) – Burkitts, oncogene = cmyc

38. t(11:14) – Mantle Cell Lymphoma, oncogene = bcl1

39. t(14:18) – Follicular Lymphoma, oncogene = cl2

40. t(9:22) – CML or B-cell ALL, Philly

41. t(15:17) - APL
