Hematology—Introduction to the Anemias
Leukocytes

Leukocytes compose 1% of total blood volume.  They originate in the bone marrow.  Function in inflammatory and immune process.  Consists of granulocytes, lymphocytes, monocytes/macrophages, and thrombocytes.
Blood

Blood consists of blood cells and plasma (RBCs, WBCs, and thrombocytes, or platelets).  The pluripotent stem cell is the cell from which all cells in circulating blood are derived.  It is located in the bone marrow
Granulocytes

Neutrophils compose 50-60% of WBCs.  Their nuclei are divided, containing 3-5 lobes.  They are the first cells to arrive at the site of inflammation or injury


Eosinophils compose 1-3% of RBCs.  They are increased during allergic reactions.


Basophils compose 0.3-0.5% of WBCs.  They are involved in allergic and stress responses.
Lymphocytes

Lymphocytes compose 20-30% of WBCs.  Consist of T and B lymphocytes.  Involved in the immune response.  They circulate between the blood and lymph tissue.
Monocytes and Macrophages

Monocytes and macrophages compose 3-8% of WBCs.  They are the largest of the leukocytes.  They engulf large quantities of foreign material and play a role in chronic inflammation
Thrombocytes

Thrombocytes are circulating cell fragments.  They form a platelet plug to control bleeding and release mediators required for hemostasis.
Erythrocytes


Erythrocytes, or red blood cells, are non-nucleated, biconcave discs.  The shape increases the surface area for oxygen diffusion.  They are flexible, allowing the cell to change in volume without rupturing its membrane.  The cytoskeleton of proteins on the lipid layer of the cell membrane is what allows the flexibility for the RBC and allows it to pass through the capillaries.  Its major function is the transport of hemoglobin, which is the main transporter of oxygen.  RBCs are produced in the bone marrow and are arrived from erythroblasts.  After age 5, RBC production in the bone marrow decreases.  The sternum, vertebrae, ribs, and pelvis become the major locations for RBC production at older ages.  
Erythropoiesis


Erythropoiesis occurs in the bone marrow.  It is the process of making RBCs.  Hypoxia is the principal stimulus for the increase in RBC production.  


Erythropoietin is the factor stimulates the production of pronormoblast.  Erythropoietin also speeds up the process of the pronormoblast becoming a mature RBC.  90% is produced in the kidney, where the peritubular cells sense hypoxia.  
Pronormoblast is the earliest committed erythrocyte precursor.  It undergoes a series of divisions, each producing a smaller cell.  As the cell gets smaller and divides, the nucleus gets condensed and is eventually lost.  By the time it reaches the reticulocyte stage, the cell has lost its nucleus.  Hemoglobin synthesis begins at the erythroblast stage and continues until mature erythrocyte.  It takes 1 week to go from stem cell to reticulocyte.  The reticulocytes are released into circulation and it takes 24-48 hours in circulation for it to become a mature erythrocyte. 
Hemoglobin


Hemoglobin’s main function is to transport oxygen throughout the body.  Transferin carries iron in circulation attaches to the receptor on the RBC.  The iron is transported into the cell and sent to the mitochondria.  Here, it combines with protoporyphrin, which forms the heme unit itself.  The hemoglobin subunit contains 2 alpha and 2 beta chains.  Each chain is attached the heme unit, which surrounds an atom of iron that binds oxygen.  4 molecules of oxygen are carried by 1 hemoglobin molecule.


The two main types of hemoglobin are HgA (adult hemoglobin) and HgF (fetal hemoglobin).  Small amounts of HgA2 may also be present.  

95-98% of oxygen in the body is bound to hemoglobin.  The affinity of hemoglobin refers to its capacity to bind oxygen.  Hemoglobin forms a reversible bond with oxygen because it must be able to easily release the oxygen into the tissues.  After the 1st molecule of oxygen binds, the affinity for oxygen increases.  When all four sites are bonded, hemoglobin is considered saturated.  Hemoglobin retrieves oxygen from the pulmonary capillaries and releases the oxygen into the tissue capillaries.  Once oxygen moves out of the RBCs into the capillaries, it contributes to metabolism.  


Oxygen binds more strongly when there is increased pH, decreased CO2, and decreased body temperature.  It is released more rapidly when there is a decrease in pH, increase in CO2, and an increase in body temperature.  
Iron


Iron is necessary for RBC production.  10-15mg of iron per day is needed.  Only 10% of iron taken in is absorbed.  It is stored in the liver as ferritin.  It is easily returned to circulation.  External sources of iron include red meats and green leafy vegetables.  Iron is absorbed in the duodenum/jejunum.  After absorption it is either transferred into plasma or stored as ferritin in the liver.  Iron content in plasma is firmly regulated.  We need chelating agents to excrete iron because we cannot metabolize iron on our own
RBC Destruction


RBCs have a normal life span of 120 days.  As cells get older, metabolic activity decrease and membrane lipids decrease.  Phagocytic cells from the spleen, bone marrow, liver, and lymph nodes ingest and destroy old/defunct cells.  The rate of destruction normally equals the rate of production.  This is not true in hemolytic states.


Amino acids are iron are saved during the destruction process and reused.  The heme unit is converted to bilirubin, which is removed from the blood by the liver and conjugated.  This is then excreted with bile.  
RBC Indices

1) RBC count - # of RBCs in blood
2) Reticulocyte count – rate of RBC production
3) Hemoglobin – hemoglobin content in the blood
4) Hematocrit – measures RBC mass in 100ml of plasma
5) MCV – mean corpuscular volume, which measures the size of RBCs
6) Mean Corpuscular hemoglobin concentration – measures the amount of hemoglobin in each cell.
Iron Studies

1) Iron – measures serum iron concentration

2) Ferritin – amount of stored iron

3) TIBC – total iron binding capacity
Anemia


Anemia is a deficiency of RBCs characterized by a deficiency of hemoglobin.  The 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

1) Fatigue

2) Weakness

3) Dyspnea

4) Headache

5) Palpitations

6) Syncope

7) Angina

8) Night Cramps

9) Pallor

10) Tachycardia

11) Flow murmur
Iron Deficiency Anemia

Iron deficiency anemia is common worldwide.  It occurs when the supply of iron to bone marrow falls short of what is required to make RBCs.  This reduces hemoglobin synthesis.  Iron in the body is repeatedly reused.  However, small amounts are lost daily through sweat, urine, and feces and need to be replaced.  10-15mg of elemental iron are needed daily
Causes

1) Increased requirement – pregnant women and growing children

2) Decreased intake – vegetarians or malnourished

3) Decreased absorption – celiac sprue, Giardia, or any other malabsorption problem

4) Blood loss – chronic or acute

*Any patient >50 with iron deficient anemia has colon cancer until proven otherwise
Signs and Symptoms

1) Typical anemic symptoms

2) Brittle nails

3) Pica – obsession with eating inanimate objects

4) Glossitis

5) Stomatitis – inflammation around the lips
Diagnosis

1) Decreased hemoglobin
2) Decreased ferritin – most sensitive finding
3) Decreased TIBC

4) Decreased serum iron

5) Low MCV – microcytic cell
6) Low MCHC – hypochromic cell
Treatment

1) Ferrous sulfate

2) Ferrous gluconate
Anemia of Chronic Disease


Anemia of chronic disease accompanies a variety of chronic illness.  May be seen in TB, HIV, SLE, RA, malignancy, endocrine failure, or liver/kidney disease.  There is a reticuloendothelial blockade to iron utilization by the bone marrow.  There is inadequate erythropoietin response to hypoxia and low RBC survival.  The cells will be normocytic and normochromic

Diagnosis

1) TIBC decreased

2) Iron decreased 

3) Ferritin normal or increased
Treatment

1) Treat the underlying cause

2) DO NOT GIVE IRON BECAUSE IT WILL RESULT IN IRON OVERLOAD!

Vitamin B12 Deficiency


Vitamin B12 is essential for DNA synthesis.  Vitamin B12 deficiency is characterized by a failure of nuclear maturation and cell division.  The cells are abnormally large, secondary to excess RNA production of hemoglobin and have a short life span.  They are also oval shaped.

Vitamin B12 deficiency is the most common cause of pernicious anemia.  There is diminished intestinal absorption of B12 secondary to gastric atrophy, leading to a lacking of intrinsic factor.  Many patients with intrinsic factor have anti-parietal and anti-intrinsic factor antibodies
Other Causes
1) Poor intake – vegans
2) Gastrectomy

3) Poor absorption – celiac sprue, Giardia, or other malabsorption disorders
Signs and Symptoms
1) Glossitis/Stomatitis – more common in this anemia
2) Polyneuropathy – includes peripheral nerves, posterior and lateral columns of the spinal cord.  These patients get paresthesias in the fingers and toes; lose vibratory sense, and their sense of proprioception.  This process is progressive but reversible with treatment. 

3) Patients may also present with weakness and ataxia.
4) Dementia
Diagnosis

1) Increased MCV

2) Normal MCHC

3) Hyper segmented neutrophils – the nucleus of neutrophils will have more than 5 lobes
4) Schilling Test – give a patient an injection of IM B12 and a PO radioactive B12.  Normally, the IM will saturate the binding sites and flush out more than 10% of the radioactive B12.  If less than 10% is excreted, there is an absorption problem because not all of the binding sites will be taken up.  The second part of the test is the same thing plus intrinsic factor capsules.  If less than 10% is excreted again, it is diagnostic of pernicious anemia.  
Treatment

1) IM injections of B12 every 3 months

Folate Deficiency


Folate is required for RBC maturation.  Usually about 100mcg is the normal daily requirement. 
Dietary Supplementation

1) Green vegetables

2) Liver, kidney

3) Fruit, cereals

4) Much is lost in cooking
Causes

1) Poor intake – elderly and malnutrition
2) Alcoholism

3) Anti-folate drugs – phenytoin, Methotrexate, Trimethoprim
4) Excess utilization – pregnant and lactating women and premature infants
Signs and Symptoms

1) Glossitis

2) No neurological symptoms

Diagnosis

1) MCV increased – macrocytic cell
2) Decreased serum folate level
Treatment

1) Folic acid supplements

2) Prophylaxis for pregnant women
Aplastic Anemia


Aplastic anemia is pancytopenia with hypocellularity of bone marrow.  Basically, the bone marrow shuts down.  There is a reduction in WBC, RBC, and platelets.  There is also a decrease in the number of pluripotent stem cells in the bone marrow.  
Causes – Usually secondary to something else
1) Fanconi’s anemia

2) SLE

3) Acute leukemia’s 

4) Hodgkin’s lymphoma

5) TB

6) Drugs – chemo drugs, isoniazid, NSAIDs, chloramphenicol
7) Viral – EBV, HIV, parvovirus
Clinical Findings

1) Bleeding – Epitaxis and GI bleeding
2) Anemia

3) Infection

4) Bruising – most common sign
5) Pancytopenia

6) No reticulocytes
Treatment

1) Supportive care
2) Main danger is overwhelming infection (sepsis)
3) Transfuse RBCs, platelets as needed

4) Bone marrow transplant – use an HLA matched sibling
Hemolytic Anemias


Hemolytic anemias are characterized by an increase in RBC destruction in the bone marrow, liver, and spleen.  Can be: 1) Intrinsic – a defect of the RBC membrane, hemoglobinopathy, or enzyme defects 2) Extrinsic – drugs, toxins, or antibodies.  Because the RBC is destroyed early, the RBC has a decreased life span and lower number of reticulocytes.
Hereditary Spherocytosis


Hereditary spherocytosis is an autosomal dominant.  It is a disorder of the cell membrane.    There is a deficiency of spectrin, which helps with the flexibility.  It becomes more rigid and less deformable, making the RBC unable to pass through splenic microcirculation.  The cells will burst and die
Clinical

1) Jaundice at birth

2) May present later in life with a mild anemia, leg ulcers, jaundice, or splenomegaly.  Anytime they have a viral infection, they are at risk of aplastic anemia

3) Peripheral smear will show spherocytes

4) Coomb’s test is negative – this is a test for hemolysis which looks for antigens on the RBC.
Treatment

1) Splenectomy

Thalassemia


Thalassemia is a hereditary hemolytic anemia.  There is a defect in the synthesis or complete deletion of one or more globin chains.  The unaffected chain continues to be synthesized, leading to an excess in the other chain.  This leads to an unpaired globin chain which will eventually destroy the RBC, leading to decreased production of hemoglobin.  
Alpha


Normally 2 alpha chains are inherited from each parent.  In alpha Thalassemia, there is a complete deletion of one or more of the alpha genes.  Silent carrier state has 1 of 4 genes deleted with no hematologic abnormalities.  Alpha Thalassemia trait has 2 of the 4 genes deleted.  Patients may have a microcytic, slightly hypochromic RBC, and may or may not have anemia.  Also presents with no hemolysis.  


A deletion of 3 alpha chains will present with a well compensated hemolytic state.  There is moderate anemia, splenomegaly, and the peripheral smear will show Heinz bodies and target cells.  


A deletion of all 4 alpha genes results in hydrops fetalis.  
Beta

Normally only one beta chain gene is inherited from each parent.  Beta Thalassemia is usually a point mutation rather than deletion.  The beta globin chain cannot be utilized in hemoglobin synthesis.  This leads to excess of alpha chains.  There are varying degrees of ineffective erythropoiesis and hemolysis.  Very popular in Mediterranean cultures.


Thalassemia minor is usually asymptomatic.  Patients may have a mild hypochromic, microcytic anemia.  They will have normal ferritin and iron stores.  Hemoglobin electrophoresis shows increased HbA2 and increased HgF.


Intermediate beta Thalassemia will present with moderate anemia, splenomegaly, and bone deformities.
Beta Major

Beta major, or Cooley’s anemia, is a deletion or major mutation of both beta chain genes.  This is the most severe of the beta Thalassemia.  These patients have a failure to thrive.  There is severe anemia beginning at 3-6 months.  Patients have recurrent infections, Hepatosplenomegaly secondary to extramedullary hematopoiesis, and bone expansion, or frontal bossing, secondary to bone marrow hyperplasia.  Electrophoresis shows major HbF.  
Treatment

1) Suppress ineffective erythropoiesis, prevent bony deformities, and allow normal development

2) Folic acid supplements

3) RBC transfusion to keep hemoglobin >10 – risk of hemosiderosis, which is iron overload, in the myocardium or pancreas

4) Consider splenectomy

5) Bone marrow transplant is the treatment of choice for a patient who has an HLA matched sibling.  

Sickle Cell Anemia


Sickle cell anemia is a hemolytic anemia that follows autosomal recessive mode of transmission.  SS is sickle cell disease (homozygous), which is present in 0.1-0.2% of African Americans.  Ss is sickle cell trait (heterozygous), which occurs in 10% of African Americans.  These patients are usually asymptomatic unless they are in a state of severe hypoxia.  Sickle cell anemia is a defect on the beta chain of the hemoglobin molecule.  It is a substitution of a single amino acid on the beta chain.  
Sickle Cell Disease


Sickle cell disease is characterized with large amounts of HgS.  The RBCs sickle when deoxygenated.  The sickled cells obstruct flow in microcirculation leading to tissue hypoxia.  This can affect anywhere.

Clinical Manifestations

1) 4 months of age – painful swelling of dorsal surface of hands and feet

2) Vaso-occlusive crisis – bone pain, acute chest, splenic sequestration, cerebral occlusion, and aseptic necrosis of femoral head

3) Functional asplenia – risk of osteomyelitis or infection from encapsulated organisms

4) Aplastic crisis – bone marrow shuts down
5) Severe anemia – steady state.  Hemoglobin can be 6-8 (normal for them)
Diagnosis

1) Hemoglobin electrophoresis – No HgA, 80-95% HgS, 2-20% HgF

2) Sickle cell prep – sodium metabisulfate is added to blood, which will cause the cells to sickle.  
Treatment

1) Hydroxyurea – more synthesis of HgF

2) Folic acid supplementation – prevent aplastic crisis

3) Exchange transfusion – take out their blood and replace it with new blood.  This will decrease the amount of HgS in their blood.  We want the HgS to be less than 20%.  Regular transfusions will not help because they will still have the HgS. 

4) Morphine for pain crisis
5) IV fluid – dehydration can precipitate crisis 
6) Antibiotics – prophylaxis in patients <5 years old
7) Bone marrow transplant

G6PD Deficiency


G6PD deficiency is the most common enzyme defect that causes hemolytic anemia.  It is found on the X chromosome, so it is more common in males.  The RBCs are more susceptible to accidents.  There is direct oxidation of hemoglobin to methemoglobin.  Hemoglobin, when exposed to oxidants, is denatured, forming Heinz bodies.  Hemolysis occurs as the damaged RBCs move through the vessels of the spleen.


Patients are mildly expressed.  However, if they take an oxidant drug, have an infection, or acidosis, they will hemolyze.  The drugs that cause the hemolysis are aspirin, any anti-malarial drugs (quinine, chloraquine, and primaquine), any sulfa drugs, Cipro, chloramphenicol, vitamin K, and probenecid.  
Clinical Manifestations
1) Hemoglobinuria 

2) Jaundice

Treatment

1) Limited exposure to stresses

2) Treat underlying infection 
