Introduction to Hematology

· Blood

· Consists of blood cells and plasma

· Red blood cells (RBC)

· White blood cells (WBC)

· Thrombocytes (platelets)

· Pluripotent stem cell

· From which all cells in circulating blood are derived

· Located in bone marrow

· Leukocytes

· 1% of total blood volume

· Originate in bone marrow

· Function in inflammatory and immune process

· Includes

· Granulocytes, lymphocytes, monocytes/macrophages, thrombocytes

· Granulocytes
· Neutrophils

· 50-60% of WBCs (phagocytic)
· Nuclei divided- contain 3-5 lobes
· 1st cell to arrive at site of inflammation/injury
· Neutrophils last 10hrs in circulation and last 1-3 days in lymphoid tissue
· Eosinophils

· 1-3% of WBC
· Increased during allergic reaction
· Basophils

· 0.3-0.5% of WBCs
· Involved in allergic and stress response
· Lymphocytes

· 20-30% of WBCs
· B and T lymphocytes
· Involved in immune response
· Circulate between blood and lymph tissue
· Monocytes/Macrophages

· 3-8% of WBCs
· Largest of the leukocytes
· Engulf large quantities of foreign material
· Play a role in chronic inflammation- can survive months to years in tissues
· Thrombocytes (platelets)

· Circulating cell fragments
· Form platelet plug to control bleeding- in vessel wall
· Release mediators required for hemostasis
· Last 8-9 days in circulation before spleen removes them
· Erythrocytes

· Red blood cells
· Non-nucleated, biconcave disc
· Flexible- change in volume without rupturing

· Shape increases surface area for oxygen diffusion

· Major function is to transport hemoglobin, which is main transporter of oxygen
· Produced in bone marrow
· Derived from erythroblasts
· 5 years old- all bones make blood
· > 20 years old- sternum, pelvis, ribs, and vertebrae produce blood
· Erythropoiesis- Process of making RBC
· Produced in bone marrow
· Hypoxia

· Principal stimulus for increase in RBC production

· Decreased oxygen to tissues causes increase in erythropoiesis

· Erythropoietin

· Stimulates production of pronormoblast

· 90% produced in kidney
· Peritubular cells sense hypoxia
· Pronormoblast

· Earliest committed erythrocyte precursor 

· Undergoes series of divisions, each producing smaller cell
· By reticulocytes stage, cell has lost its nucleus
· Hemoglobin synthesis begins at erythroblast stage and continues until mature erythrocyte

· 1 week from stem cell to reticulocytes
· As the cell matures the nucleus is lost and it becomes smaller
· Reticulocyte is released into circulation and becomes an erythrocyte in 24-48 hours
· Hemoglobin

· Hemoglobin subunits contains two alpha and 2 beta chains
· Heme unit= protoporpheryn and iron

· Hemoglobin= heme unit, 2 alpha, and 2 beta chains
· Each chain attached to heme unit which surrounds atom of iron that binds oxygen
· Transferrin attaches to receptor in iron and transported to mitochondria and attaches to protoporpheryn and forms heme unit.
· Heme unit combines to 2 alpha and 2 beta chains with a heme unit
· 4 molecules of oxygen carried by 1 hemoglobin molecule
· Two main types of hemoglobin
· HgA- adult hemoglobin
· HgF- fetal hemoglobin
· May also have small amounts of HgA2
· Affinity of hemoglobin refers to its capacity to bind oxygen
· After 1st molecule binds, the rest bind easier 
· When all 4 sites bonded, molecule is saturated
· Affinity is influences by pH, carbon dioxide concentration and temperature
· Stronger binding with increased pH, decreased CO2, and decreased temperature
· Iron- 10-15mg/day
· Necessary for RBC production

· Stored in the liver as ferritin

· Easily returned to circulation
· External sources
· Red meats
· Green leafy vegetables
· Absorbed in duodenum/jejunum
· After absorption it is either transferred into plasma or stored as ferritin in liver
· Iron content in plasma is firmly regulated- cannot be excreted/need a kelating agent
· Eat more iron during pregnancy
· RBC Destruction

· Normal life span of RBC is 120 days
· As cells get older, metabolic activity decreases, membrane lipids decrease
· Phagocytic cells from spleen, bone marrow, liver, and lymph nodes ingest and destroy  old/defunct cells
· Rate of destruction normally equal to rate of production-1%/day
· Not true in hemolytic states
· Amino acids and iron are saved during this process and reused
· Heme unit converted to bilirubin- by reticuloendothelial system
· Removed from blood by liver and conjugated
· Excreted with bile
· RBC Indices

· RBC count- number of RBCs in blood
· Reticulocyte count- rate of RBC production- 1%
· Hemoglobin- hemoglobin content in blood
· Hematocrit- measures RBC mass in 100ml of plasma
· MCV- mean corpuscular volume
· Measures size of RBC
· 80-100 is normocytic
· Mean corpuscular hemoglobin concentration
· Color of RBC
· Measures amount of hemoglobin in each cell
· Anemia= Hypochromic
· Iron studies
· Iron- measures serum iron concentration
· Ferritin- amount of stored iron
· TIBC- total iron binding capacity
· Anemia

· Definition- a deficiency of RBCs; deficiency of hemoglobin
· Oxygen carrying capacity of hemoglobin is reduced
· Clinical manifestations depend on severity, rapidity of development, patient’s age, health and compensatory mechanisms
· Signs and symptoms

· Fatigue, weakness, dyspnea, headache, palpitations, syncope, angina, night cramps, pallor, tachycardia, flow murmur

· Pica- obsession with eating ice and dirt
· Iron Deficiency Anemia- In all ages
· Common worldwide
· Occurs when supply of iron to bone marrow falls short of what is required to make RBCs
· Iron in body is repeatedly reused
· However small amounts are lost daily and need to be replaced- feces, sweat, urine
· We need 10-15mg of elemental iron daily
· Any patient with iron deficiency anemia >50 years old is colon cancer until proven otherwise
· Iron Deficiency Anemia- Causes

· Increased requirements, decreased intake, decreased absorption, blood loss

· Diagnosis

· Decreased hemoglobin, decreased ferritin, decreased TIBC, decreased serum iron, low MCV, low MCHC, TIBC decreased, iron decreased, ferritin normal or increased

· Treatment
· Ferrous sulfate
· Ferrous gluconate
· Causes constipation and has a high rate of non-compliance
· Anemia of Chronic Disease

· Accompanies variety of chronic illnesses
· TB, HIV, SLE, RA, malignancy, endocrine failure, liver or kidney disease
· Secondary to decrease release of iron from bone marrow, inadequate erythropoietin response, decreased RBC survival
· Normocytic, normochromic anemia
· Reticuloendothelial blockade to iron by bone marrow
· TIBC decreased 
· Iron decreased
· Ferritin normal or increased
· Treatment

· Treat underlying cause
· Vitamin B12 Deficiency

· Essential for DNA synthesis
· In B12 deficiency, nuclear maturation, cell division fails to occur- oval shaped
· Cells are abnormally large secondary to excess RNA production of hemoglobin
· Most common cause is pernicious anemia
· Diminished intestinal absorption of B12 secondary to gastric atrophy
· Lack of intrinsic factor
· Anti-intrinsic and parietal antibody
· Other causes
· Poor intake- vegans
· Gastrectomy
· Poor absorption- celiac sprue, giardia
· Signs and symptoms

· Glossitis/stomatitis- more common than IDA
· Polyneuropathy- peripheral nerves, posterior and lateral columns of spinal nerves
· Vibratory sense loss, loss of proprioception, paresthesias of fingers and toes
· Dementia
· Diagnosis

· Increased MCV- >100
· Normal MCHC- normal
· Hyper segmented neutrophils- >5 lobes
· Schilling test- injection of IM B12 and PO B12 (radioactive)
· If radioactive B12 is not excreted more than 10% then patient has absorption problem
· Then do test again with intrinsic factor and test again
· If normal then it is pernicious anemia
· Treatment

· IM injections of B12 every 3 months
· Folate Deficiency

· Folate is required for RBC maturation- 100mcg/day
· Dietary supplementation
· Green vegetables, liver, kidney, fruit, cereals, much is lost in cooking
· Causes

· Poor intake

· Anti-folate drugs- phenytoin, methotrexate, trimethoprim

· Excess utilization- lactating, preme, pregnant, alcohol excess

· Pregnancy can increase need 5-10x
· Signs and symptoms

· Glossitis, no neurological symptoms
· Diagnosis

· MCV increased
· Decreased serum folate level
· Treatment

· Folic acid supplements
· Prophylaxis for pregnant women
· Aplastic Anemia

· Pancytopenia with hypocellularity of bone marrow- reduction in RBC, WBC, and platelets
· Causes
· Fanconi’s anemia, SLE, acute leukemias, Hodgkin’s lymphoma, TB

· Drugs

· Chemo drugs, isoniazid, NSAIDS, chloramphenicol, gold drugs

· Viral

· EBV, HIV, parvovirus

· Clinical findings

· Bleeding, anemia, infection, bruising (petechiae), pancytopenia ( decrease in all cell lines), no reticulocytes, episiotomies, GI bleeding

· Treatment
· Supportive care 
· Main danger is overwhelming infection- sepsis
· Transfuse RBCs, platelets as needed
· Bone marrow transplant if persistent 
· < 50 years old with HLA matched sibling
· Hemolytic Anemias

· Increased RBC destruction
· In bone marrow, liver, spleen
· Intrinsic
· Defect of RBC membrane, hemoglobinopathy (sickle cell), enzyme defects (G6PD deficiency)
· Extrinsic
· Drugs, toxins, antibodies
· Hereditary Spherocytosis

· Autosomal dominant
· Disorder of the membrane
· More rigid, less deformable
· Unable to pass through splenic microcirculation
· Decreased spectrin causes decreased flexibility
· Clinical 
· Jaundice at birth
· May present later in life
· Mild anemia, leg ulcers, jaundice, splenomegaly
· At risk of Aplastic anemia with any viral infection
· Peripheral smear
· Spherocytes
· Coomb’s Test- negative

· Look for RBC antigens to detect hemolysis
· Treatment 
· Splenectomy
· Thalassemias

· Hereditary hemolytic anemia
· Defect in synthesis or complete deletion of one of more globin chains
· Unaffected chain continues to be synthesized
· Leads to decreased production of hemoglobin
· Alpha Thalassemia

· Normally inherit 2 alpha chain genes from each parent
· In this disorder, there is a complete deletion of one or more of alpha genes
· Silent carrier state
· 1 of 4 genes deleted
· No Hematologic abnormalities
· Alpha Thalassemia trait
· 2 of 4 genes 
· Microcytic, slightly Hypochromic RBC
· No hemolysis, mild anemia
· Deletion of 3 alpha genes
· Well compensated hemolytic state
· Moderate anemia
· Splenomegaly
· Peripheral smear
· Heinz bodies, target cells

· Beta Thalassemia

· Normally inherit only one beta chain gene from each parent

· Usually point mutations rather than deletions 
· Leads to excess of alpha chains
· Varying degrees of ineffective erythropoiesis and hemolysis
· Thalassemia Minor

· Usually asymptomatic
· May have mild Hypochromic, microcytic anemia
· Ferritin and iron stores normal
· Hemoglobin electrophoresis shows increased HbA2 and increased HbF
· Intermediate beta thalassemia

· Moderate anemia
· Splenomegaly
· Bone deformities
· Beta Thalassemia Major

· Cooley’s Anemia

· Deletion or major mutation of both beta  chain genes
· Failure to thrive
· Severe anemia beginning at 3-6 months 
· Recurrent infections
· Hepatosplenomegaly
· Bone expansion
· Electrophoresis shows major hemoglobin HbF
· Treatment

· Goal is to suppress ineffective erythropoiesis, prevent bony deformities and allow normal development
· Folic acid supplements
· RBC transfusions to keep hemoglobin >10
· Risk or hemosiderosis
· Consider Splenectomy
· Bone marrow transplant
· Sickle Cell Anemia

· Hemolytic anemia, follows autosomal recessive mode of transmission
· SS- sickle cell disease (homozygous)
· 0.1-0.2% of African Americans
· Ss- sickle cell trait (heterozygous)
· 10% of African Americans
· Usually asymptomatic unless is state of severe hypoxia
· Defect on beta chain of hemoglobin molecule
· Sickle Cell Disease

· Large amounts of HbS
· Sickle when deoxygenated
· Sickled cells obstruct flow in microcirculation leading to tissue hypoxia
· Manifestations
· 4 months of age- painful swelling of dorsal- surface of hands and feet
· Vaso-occlusive crisis
· Bone pain, acute chest, splenic sequestration, cerebral occlusion, aseptic necrosis of femoral head
· Functional asplenia
· Risk of osteomyelitis
· Risk of infection from encapsulated organisms
· Aplastic crisis
· Severe anemia
· Steady state
· Diagnosis
· Hemoglobin elecrophoresis
· No HbA
· 80-95% HbS
· 2-20% HbF
· Sickle cell preparation
· Treatment
· Hydroxyurea
· More synthesis of HbF
· Folic acid supplementation
· Prevent Aplastic crisis
· Morphine
· IV fluid
· Antibiotics
· Bone marrow transplant
