I
 Blood

Theme 1: Blood Cells and Plasma

1.1 to be acquainted with terms commonly used to describe the peripheral blood film (PBF)

· PBF is a direct visual assessment (Light Microscopy) of the size, shape, cell maturity, cellular contents of the 3 cell lines (i.e. RBC, WBC and platelets).  It provides clues on pathological processes causing blood derangement.

1.2 to describe the composition of blood

· Blood has two components:

· plasma

· formed elements

· Plasma: 

· contains:

1. water (91.5%)

2. proteins (7% - includes albumins, globulins, fibrinogens and others, e.g. immunoglobulins & antibodies)

3. other solutes (1.5% - electrolytes, nutrients, gases, hormones, enzymes, vitamins, waste products)

· gives rise to 55% of blood volume

· Formed elements:

	Erythrocytes
	4.8 – 5.4 million/μL


	Leukocytes
	5,000 – 10,000/ μL

	     Granulocytes
	

	          Neutrophils
	60 – 70%

	          Eosinophils
	2 – 4%  

	          Basophils
	0.5 – 1%

	     Agranulocytes
	

	          Lymphocytes (T, B Cells, Natural Killer Cells)
	20 – 25%

	          Monocytes
	3 – 8%

	Platelets
	250,000 – 400,000/ μL


1.3 to explain the functions of blood

· Blood is liquid connective tissue with 3 main functions:

· Transport:  transports O2, CO2, nutrients from gastrointestinal tract (GIT), heat, waste & from endocrine glands

· Regulation:

1. pH regulation, via buffers (e.g. HCO3-, HPO4- & some proteins)

2. heat regulation, due to coolant properties of H2O

3. blood osmolarity – blood osmotic pressure influences the water content of cells via dissolved ions and proteins

· Protection:
1. clotting mechanism – prevents blood loss

2. phagocytic WBC & plasma proteins (e.g. antibodies & interferons) – defend against foreign microbes & toxins

1.4 to list major blood parameters in common clinical usage
· Haematocrit – normal average 42% for females, 47% for males

· Haemoglobin (Hb) estimation – normal 14g/100ml

· RBC and WBC count

· Differential count

· Reticulocyte count – normal ½ - 1½ % of all RBC in blood

1.5 to identify possible causes of abnormal blood parameters
· Abnormal blood parameters

	Components
	Derangements
	Clinical Manifestations

	RBCs
	↓ (Anemia)
	Cellular hypoxia

	
	↑↑ (Polycythaemia)
	Thromobotic tendencies (arterial leads to stroke, venous leads to venous occlusions)

	WBCs
	↓ (Neutropenia)
	Infection prone

	
	↑↑ (Leukemias)
	Multiple manifestations

	Platelets
	↓ (Thrombocytopenia)
	Bleeding tendencies (mucocutaneous)

	
	↑↑ (Thrombocytosis)
	Thrombotic tendencies (mainly arterial) - ↑ risk in thrombosis which leads to heart attack, stroke and gangrene

	Clotting Factors
	↓ (Haemophilias, Liver failure)
	Bleeding tendencies (especially in muscles and joints)

	
	↑↑ (uncommon)
	No predictable effect

	Anticoagulants
	↓
	Thrombotic risks (mainly venous) - ↑ risk of venous occlusions

	Immunoglobulins
	↓ (Hypogammaglobulinemia)
	Infection prone

	
	↑↑ (Multiple myeloma)
	A cancer of plasma cells


· Cytopenia – deficiency in the number of any of the cellular elements of the blood; causes –

· Central causes:

· Inadequacy due to hypoplastic (incomplete development) marrow

· Ineffective haematopoiesis due to cellular marrow with abnormal cells
· Peripheral causes:

· Destructive, i.e. haemolysis

· Loss, i.e. haemorrhage

· Sequestration, i.e. of normocellular or hypercellular marrow cells

Theme 2: Haematopoieses

2.1 to describe the functions of nutritional and hormonal factors required for normal erythropoiesis
· Nutritional factors

	Factor
	Recommended Intake
	Source
	Stores
	Remarks

	Vitamin B12
	2μg/day
	Liver, kidneys
	Human liver
	Normal absorption requires intrinsic factor found in gastric secretions

	Folate
	50μg/day
	Vegetables, fruits, liver, kidney and dairy products
	Minimal (about 5 – 10mg)
	

	Iron (Fe)
	12-15mg/day (10% absorbed – amount absorbed depends on 

1. dietary iron 

2. iron sufficiency in the body)
	Meat, liver, kidneys
	Iron tenaciously conserved in:

i. transferrin-Fe

ii. haptoglobin-Hb

iii. haemoplexin and albumin-heme
	Essential trace element; constituent of all body cells; important component of Hb, myoglobin & cytochromes


· Hormonal factors: Erythropoietin

· Principal factor that stimulates RBC production; its release is stimulated by hypoxia

· ↓ Tissue oxygenation → stimulates kidneys (parenchymal interstitial cells – inner cortex & outer medulla) → ↑ erythropoietin → stimulates hemopoietic stem cells → proerythroblasts → ↑  RBC production

· Factors that decrease oxygenation:

1. ↓ blood volume

2. anaemia

3. ↓ Haemoglobin

4. poor blood flow

5. pulmonary disease

6. ↑ altitude

2.2 to identify possible causes that may lead to deficiency of these factors and the effects of these deficiencies on the erythropoietic process
· Effects of nutritional deficiency:

· Vitamin B12 & Folate – RBC maturation failure (megalobastic anaemia)

· NB: Vitamin B12 and Folate are necessary for synthesis of thymidylate (in DNA), therefore deficiency results in ↓ DNA & failure of nuclear division and maturation

· Iron – iron deficiency anaemia (hypochromic, microcytic)

	Deficiency
	Cause
	Effects

	Vitamin B12
	Lack of intrinsic factor secretion (from gastric parietal cells e.g. atrophic gastric mucosa)
	Megalobastic anaemia due to deficiency of Vitamin B12, folate and intrinsic factor → slow production of erythroblast in bone marrow → grows too large with odd shapes (megaloblasts) and fragile membranes → cells rupture easily → hard to replace → patient suffers from insufficient RBC in blood

	Folate
	Diet deficiency: folate is easily destroyed in cooking
	

	Iron
	i. lacking in diet

ii. lack of transferrin in blood to deliver iron to the erythrocytes

iii. increased iron requirement, e.g.  puberty and pregnancy

iv. blood loss
	ii → Hypochromic anaemia, i.e. poor absorption leads to ↓ RBC with ↓ Hb (compared with normal)

iv → Microcytic hypochromic anaemia, i.e. large blood loss → person can’t replace enough iron from the intestines to from Hb → RBCs produced have ↓ Hb levels


2.3 to differentiate between extravascular and intravascular haemolysis
2.4 to explain how the body handles the products of intravascular and extravascular haemolysis and to list the consequences of excessive haemolysis
· Haemolysis or destruction of RBC:  1. extravascular

2. intravascular

1. Extravascular haemolysis occurs in the liver, spleen and bone marrow; Hb is broken down into:

· Globin → amino acid production

· Bilirubin → bound to albumin → transported to the liver → conjugated by UDP-GT enzyme → secreted in bile canaliculi

· Iron → transported as serum transferrin to muscle fibres, liver cells and microphages of spleen and liver → stored as ferritin & hemosiderin (especially the liver); the iron can also be sent to the bone marrow via transferrin → RBC production

2. Intravascular haemolysis occurs in blood vessels, due to 1. fragmentation 2. osmotic lysis 3. phagocytosis of RBC → macrophages ingest the bits → hours/days later, macrophages release 1. Iron 2. bilirubin → see point 1.

· consequences of excessive hemolysis → jaundice, as RBC haemolysed too rapidly, hepatic cells are not able to excrete bilirubin as fast as it is formed → [free bilirubin] in plasma ↑ above normal; gives a yellow colour to the skin → Hemolytic jaundice

2.5 to name some common thalassemias and haemogolbinopathies and indicate the mechanisms underlying these disorders
· Thalassemias – two classes α and β; caused by a hereditary inability or reduced ability to produce either α or β chain of Hb → RBC has an abnormal Hb, i.e. RBC small and fragile with membrane defects & abnormal O2 binding.

· Haemoglobinopathies – alteration of genetically determined molecular structure of Hb → accelerates Hb destruction; amino acid valine is substituted for glutamate at one point in each of the 2 β chains → when the Hb are exposed to O2, it forms elongated crystals inside the RBC that are sometimes 15mm in length; RBC can’t pass through many small capillaries and the spiked ends of the crystals are likely to rupture the cell membrane → Sickle cell anaemia

Theme 3: Biochemistry of Heme

3.1 to appreciate that the same heme structure consisting of protoporphyrin IX and iron is found in all biologically important heme-proteins
· Protoporphyrin IX is an isomer of the porphyrin nucleus

· Protoporphyrin IX is converted to protoheme (via addition of Fe2+ / enzyme Ferrochelatase → inhibited by lead)

· Present in:

1. Hb – 4 subunits, binding of O2 to one Fe2+ facilitates O2 binding in the other subunits of the Hb)

2. Myoglobin – only 1 subunit

3. Cytochromes – found in mitochondria; electron carriers Cyt c, b, a + a3

4. Cytochrome P450 – found in endoplasmic reticulum, important in drug metabolism and hydroxylation

5. Enzymes – 1. catalase
2. peroxidase
3. tryptophan pyrrolase

3.2 to explain how the defects in the biosynthetic pathway of heme result in porphyria and anaemia and to explain the adverse effects of lead poisoning
· Porphyrias are a group of rare inherited disorders resulting from deficiencies of enzymes in the heme synthesis pathway → intermediates of the pathway accumulate → toxic effects on the nervous system (i.e. neuropsychiatric symptoms) // NB: when porphyrinogens accumulate → converted by light to porphyrins that react with molecular O2 → O2 free radicals → severe damage to the skin (i.e. photosensitivity)

· Anaemia results from lack of Hb

· Lead poisoning – lead inactivates ALA dehydratase & ferrochelatase → γ ALA and protoporphyrin IX accumulate → ↓ Heme production → 1. anaemia
2. ↓ energy production (due to ↓ Cyt in electron transport chain)

3.3 to describe the breakdown of heme to bilirubin and stercobilin (urobilin) and explain its application in the clinical approach to jaundice
· Heme → a) Biliverdin → b) Bilirubin → c) forms complex with albumin & travels in blood to liver for conjugation → d) Bilirubin diglucuronide → bile (into GIT) → acted on by bacteria → Urobilinogen → 1. some absorbed into blood (and excreted in urine) 2. most are oxidized to Stercobilin (and excreted in feces – brown colour)

· a) Heme → Biliverdin (green bile pigments) [enzyme:Heme oxygenase] + CO (by-product)

· b) Biliverdin → Bilirubin (yellow bile pigment; very insoluble in water; very toxic to brain) [reduction via NADPH + H]

· c) Bilirubin-albumin complex → considered as ‘Free Bilirubin’

· d) Bilirubin + UDP-GA → Bilirubin monoglucuronide → Bilirubin diglucuronide + UDP (both products are soluble and excretable)

· Urobilinogen – 1-2 mg/day in urine; Stercobilin → 250 g/day in feces

· Jaundice:

	Type of Jaundice
	Urine urobilinogen
	Fecal urobilinogen
	Remarks

	Normal
	1-2 mg/day
	40-280 mg/day
	

	Hepatic / Hepatitis
	↓↓
	↓↓
	Free bilirubin present in urine as the liver cannot conjugate properly

	Hemolytic / Prehepatic
	↑↑ (bilirubin absent)
	↑↑
	↑ bilirubin production (e.g. ↑ hemolysis)

	Obstruction / Post hepatic (cholestatic obstruction)
	absent
	Trace to absent
	↑ secretion of conjugated bilirubin in urine

	
	Both values fluctuates in gall stones
	


· Neonatal jaundice occurs due to the immaturity of the system for conjugating and excreting bilirubin → treatment via phototherapy (i.e. UV breaks down bilirubin to other compounds that can be excreted in urine and bile)
Theme 4: Blood Groups and Transfusion

4.1 to list the major blood groups and explain the principles for their classification
· ABO system – four blood groups namely A, B, AB and O

· ABO & Rh blood groups – genetically determined & based on antigen-antibody responses

· In ABO system – A and B antigens on the surface of RBC → defines blood type; plasma contains anti-A and anti-B antibodies → react with antigens that are foreign to the person

· In Rh system → individuals whose RBC have Rh antigens → classified as Rh+;  those without the antigen → classified as Rh-

4.2 to identify conditions where blood transfusion is indicated clinically and to explain clinical problems relating to transfusion and mismatched transfusion
· indications for blood transfusion:

1. ↓ blood volume

2. treating anaemia

3. new platelets for thrombocytopenic patient

4. plasma transfusion to haemophiliacs for coagulation proteins

5. plasma transfusion for complement, other plasma proteins

· Problems relating to transfusion and mismatched transfusion

	A
	From mismatched blood

	
	1. Haemolysis of donr RBC

a. phagocytosis after agglutination

b. jaundice (if haemolytic rate is rapid)

	
	2. Actue renal shutdown

a. toxic substances of antigen-antibody reaction causes renal vasoconstriction

b. circulatory shock from the loss of RBC + (a) → decrease arterial BP → decrease renal blood flow → decrease urinary output

c. excess free Hb in kidney tubules + (b) → precipitation of Hb (acid haematin) → blockage of tubules 

	B
	Pyrogenic reactions:

Recipient allergic to donor plasma proteins

	C
	Anaphylatic reactions:

Reaction against donor’s plasma proteins and leukocytes → release of toxic substances (including histamine) → hypotension and shock, bronchial obstruction

	D
	Serum hepatits:

Some donors unknowingly may be carriers of this disease

	E
	AIDS

	F
	Certain ‘chemical’ risks especially if there is massive transfusion:

(a) Citrate concentration increase → reaction with recipient’s blood calcium → bleeding

(b) high [K+] in transfused plasma → hyperkalaemia


4.3 to explain the basis for haemolytic disease of the newborn
· Rh+ people have the Rh antigen but Rh- people do not have anti-Rh antibodies

· At birth, a small quantity of fetal blood will always leak across the placenta into the maternal bloodstream → if baby is Rh+, and mother is Rh-, after the 1st successful birth, the mother’s body begins to make anti-Rh antibodies → if next baby if Rh+, hemolysis may occur in fetal blood.

· Solution is to give mother anti-Rh injections immediately after first delivery → these bind and inactivate fetal Rh antigens → mother’s body does not produce anti-Rh antibodies → no problem with next pregnancy.
Theme 5: Haemostasis

5.1 to define haemostasis and explain the mechanisms involved
· Haemostasis refers to the stoppage of bleeding

· Involves three steps:

1. Vascular spasm : damage to arteriole/arterial wall → smooth muscles of the blood vessel wall contracts (NB: reflex from pain receptors) → slow blood loss

2. Platelet plug formation: involves the aggregation of platelets to stop bleeding

Phase I: platelet adhesion to wall of damaged blood vessel

Phase II: release of ADP & Thromboxane A2 → activate nearby platelets.  Thromboxane A2 and serotin act as vasoconstrictors

Phase III: platelet aggregation → eventual formation of ‘platelet plug’

3. Blood clotting: involves a cascade of reactions that may be divided into three stages:

I. 
formation of prothrombinase

II. 
conversion of prothrombin → thrombin

III. 
conversion of soluble fibrinogen → insoluble fibrin

NB-clotting is initiated by the interplay between extrinsic and intrinsic pathways of blood clotting.  A clot is a network of insoluble protein fibres in which formed elements are trapped.

· Vitamin K: important in blood clotting as it is required for the manufacture of clotting factors II, VII, IX and X in the liver.  Vitamin K is usually produced by bacteria in the large intestine.

· Clot retraction: the consolidation or tightening of the fibrin clot → as the clot retracts, it pulls the edges of the damaged cells closer together → ↓ risks of hemorrhage.  NB-platelets release factor XIII → stabilizes and strengthens the clot

5.2 to explain the basis of bleeding time, prothrombin time and activated partial thromboplastin time measurements and to discuss the significance of abnormal values
· Bleeding time: time required for the cessation of bleeding from a small puncture of the skin made under standard conditions → measures the vascular and platelet components of hemostasis.

· Prothrombin time: used for test for factors in the extrinsic coagulation system → i.e. plasma is mixed with tissue thromboplastin (brain extract) & calcium → time taken for fibrin clots to form is measured.  Time can be prolonged by heparin and other factor inhibitors [normal range: 10-16 sec]

· Activated partial prothrombin time: used to detect disorders in the intrinsic coagulation system; incubation of plasma with surface active factors → therefore it measures the time taken to clot in the presence of an optimum amount of phospholipids platelet substitute and calcium; fibrin forms at a normal rate only if factors involved in the intrinsic pathway and the common pathway are present in normal amounts [normal range: 25-37 seconds]

5.3 to discuss the factors that prevent coagulation in the vascular system and to explain the process of fibrinolysis and the roles of plasmin

5.4 to list the common anticoagulants and explain the mechanisms of their actions
· Factors that prevent coagulation: PGI2, anti-coagulants & warfarin

	Substance
	Made in
	Actions

	Prostacyclin (PGI2)
	Endothelial cells and WBC
	Opposes thromboxane A2; inhibitor of platelet adhesion & release

	Heparin
	Mast cells and basophils
	Combine with antithrombin III and ↑↑ its effectiveness in blocking thrombin

	Antithrombin III
	Present in blood (i.e. anticoagulant)
	Blocks action of clotting factors XII, XI, IX, X and II

	Protein C
	Present in blood (i.e. anticoagulant)
	Blocks V and VIII; enhances plasminogen activators

	Alpha-2-macroglobin
	Present in blood (i.e. anticoagulant)
	Inactivates thrombin and plasmin

	Alpha-1-antitrypsin
	Present in blood (i.e. anticoagulant)
	Inactivates XI

	Warfarin
	Artificial
	Vitamin K antagonist → blocks synthesis of clotting factors II, VII, IX and X


· Fibrinolytic system → i.e. incorporation of plasminogen into the clot → blood contains substances that activates this into plasmin (e.g. tissue plasminogen activator (t-PA), activated factor XII – both are synthesized in the endothelial cells of most tissues and released into the blood) →plasmin dissolved fibrin clots and inactivates fibrinogen, prothrombin and factors V, VIII and XII

5.5 to identify the underlying causes of haemorrhagic disorders due to vascular, platelet and fibrinolytic defects and coagulation abnormalities
· Vascular problems:  i.e. Hemophilia → bleeding tendency in males; Hemophilia A is a deficiency in clotting factor VIII (85%) & Hemophilia B is a deficiency in factor IX; recessive genetic trait.  Severity varies, bleeding occurs after trauma; injections of factor VIII to be given

· Platelet and fibrinolytic defects: Thrombocytopenia → presence of low quantity of platelets in the circulatory system; tendency to bleed, i.e. small purplish blotches on the skin (thrombocytopenic purpura).  Antibodies are formed against the platelets; treatment via transfusions

· Coagulation abnormalities: Vitamin K deficiency → insufficient production of prothrombin, factor VII, IX, X and protein C → serious bleeding tendency.  Caused by liver diseases → ↓ bile secretion → ↓ fat and Vitamin K absorption
Theme 6: Approach to a Haematologic Patient

6.1 to appreciate how knowledge of the functions of blood is applied in the clinical approach to patients with haematological disorders

· Step I: identify the blood derangements (i.e. bleeding and thrombotic tendencies)

· Step II: etiological search (i.e. family/personal, history, drugs, direct and indirect causes, etc)

· Step III: treatment

