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 xHaemopoiesis

It is concerned with the general aspects of blood cell formation (haemopoiesis) that regulate haemopoiesis and the early stages of formation of:

· Red cells (erythropoiesis).
· Granulocytes and monocytes (myelopoiesis).
· Platelets (thrombopoiesis).

[image: image2.jpg]Table 17.2 Summary of Formed Elements of the Blood

Erythrocytes (red Biconcave, anucleate  4-6 million D: about 15 days Transport oxygen
blood cells, RBCs) : salmon-colored; Ls: 100-120 days and carbon dioxide
diameter 7-8 um
Leukocytes (white Spherical, nucleated  4800-10,800
blood cells, WBCs) cells
Granulocytes
« Neutrophil Multilobed nucleus;  3000-7000 bout 14 days Phagocytize bacteria
LS: 6 hours to a few
cytoplasmic granules; days
diameter 10-12 ym
« Eosinophil Bilobed nucleus; red  100-400 : about 14 days Kill parasitic worms;
cytoplasmic granules; Ls: about 5 days complex role in
diameter 10-14 ym allergy and asthma
= Basophil Bilobed nucleus; 20-50 : 1-7 days Release histamine
large purplish-black Ls:afewhourstoa  and other mediators
cytoplasmic granules; few days of inflammation;
diameter 10-14 pm contain heparin, an
anticoagulant
Agranulocytes
« ymphocyte Spherical or indented  1500-3000 D: days to weeks Mount immune
. nucleus; pale blue Ls: hours to years response by direct
cytoplasm; diameter cell attack or via
5-17 pm antibodies
* Monocyte U- or kidney-shaped 100-700 D: 2-3 days Phagocytosis;
nucleus; gray-blue Ls: months develop into
cytoplasm; diameter macrophages in the
14-24 pm tissues
Platelets J Discoid cytoplasmic 150,000-400,000 D: 4-5 days Seal small tears
05" fragments containing L5: 5-10 days in blood vessels;
P granules; stain deep instrumental in
< » purple; diameter blood clotting
' " 2-4um
o ?

*Appearance when stained with Wright's stain.
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Haemopoiesis starts with a pluripotent stem cell that can give rise to the separate cell lineages. This haemopoietic stem cell is rare, perhaps 1 in every 20 million nucleated cells in bone marrow.
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Blood formation (heamtopioesis) occurs early in fetal life in yolk sac then in liver and spleen
· In infancy and adult life heamatopioesis occurs in bone marrow 
Functions of blood

Blood is the most important body fluid
1. transport of gases(O2,CO2),waste products (e.g,urea)hormones , enzymes, protiens, cells
2. maintain body temperature
3. maintain body PH
4. Remove toxins
5. Regulation of body fluids electrolytes
Components of blood

1. Red blood cells(RBCs)
2. White blood cells(WBCs)
3. Platelets
4. Plasma
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Red blood cell indecies

· Normal RBCS count :   In males       4.5 to 6.5   x1012 /L 
                                        In Females   3.9 to 5.6   x1012/L 

· Normal Heamoglobin concentration
                                        In males        13.5 – 17.5  g/dl
                                        In females    11.5  - 13.5  g/dl
· Heamatocrite               In males        40- 52%
                                        In Females    36-48%

Classification of anemia

	Macrocytic
	Normocytic normochromic
	Microcytic hypochromic

	MCV>95fl
	MCV 80 – 95 fL

MCH ≥ 27 pg
	MCV < 80 fL

MCH < 27 pg

	-Megaloblastic: vitamin B 12 or folate deficiency
-Non - megaloblastic: alcohol, liver disease, aplastic anaemia,
	· Many haemolyticanaemias
· Anaemia of chronic disease
(some cases)
· After acute blood loss
· Renal disease
· Mixed deficiencies
· Bone marrow failure (e.g. post - chemotherapy,   infiltration by carcinoma)

	· Iron deficiency
· Thalassaemia
· Anaemia of chronic disease
(some cases)
· Lead poisoning
· Sideroblasticanaemia



1.Morphological classification

2.Etiological classification
A. Anemias due to impaired red cell production
l. Nutritional deficiencies
   - Deficiencies affecting hemoglobin synthesis: Iron deficiency
   - Deficiencies affecting DNA synthesis: Vitamin B12 and folic acid deficiencies
2.Immune-mediated injury to progenitors     -Aplastic anemia
3.Primary hematopoietic neoplasms
 - Acute leukemia
      -chronic leukemia
4. Miscellaneous
      -Anemia of chronic diseases      -Marrow suppression due to drugs

B. Hemolytic anemias due to increased red cell destruction
1. Red cell enzyme deficiencies
-(Favism) G6PD (glucose 6 phosphate dehydrogenase)deficiency
2. Red cell membrane disorders
    - Hereditary spherocytosis
3. Hemoglobin abnormalities
     Thalassemia syndrome
     Sickle cell disease
4.Immunohemolytic anemia
5. Fragmentation syndromes in valve replacement
6.Hypersplenism
C. Anemia due to blood loss
  - Acute blood loss: Trauma
  - Chronic blood loss: Bleeding from gastrointestinal   or genitourinary tract

II.Leucocytes(white blood cells)

· cellular component of the blood that has a nucleus
· Leukocytes form a protective, movable army that helps defend the body against damage by bacteria, viruses, parasites, and tumor cells.
Total leucocytic count: 4 – 11x103 /mm3
1. leucocytosis :total leucocytic count above 11x103 /mm3  It indicates bacterial or viral infection, leukemia
2. leucopenia, is an abnormally low WBC count.It is commonly caused by certain drugs, such as corticosteroids and anticancer agents ,leukemia.

TYPES OF LEUCOCYTES

1NEUTROPHILS

Its main function is phagocytosis
Represent 25-75% of total leucocytic count

Neutophilia :  increase number of neutrophils;    causes
1.Acute bacterial and fungal infections: 
localized: pneumonias,  abscess, tonsillitis, etc.
 Generalized: Septicemia, acute rheumatic fever
2. Inflammatory conditions : acuteappendicitis
3. Tissue necrosis:Burns ,Myocardial infarction
4.Neoplasm: chronic leukemia.
5.Metabolic : Uremia , gout
6. Physiological:Exercise ,newborns, extremes of temperature
Esinophils

Their number increases rapidly during allergies and infections byparasites

Esinophilia
1. Allergic/atopic conditions:Asthma, Urticaria, Drug reactions
Allergic rhinitis
2. Parasitic infestations :anklestoma infestation, Filariasis
3. Skin diseases: eczema,scabies
4.Hematological diseases: Chronic myeloid leukemia

Lymphocytes

they play an important role in the immune response.
There are two types of lymphocytes:* T lymphocytes.* B lymphocytes
Causes of lymphocytosis

1. Acute infections
 Viral infections ,mumps, measles, chickenpox, infectious hepatitis,Toxoplasmosis
2. Chronic infections/inflammatory diseases
Chronic tuberculosis,Syphilis,Brucellosis
3. Hematologic malignanciesAcute lymphoblastic leukemia,Chronic lymphocytic leukemia, lymphoma .

Causes of lymphopenia:
Steriodtherapy ,AIDS, Aplastic anemia
III.PLATLETES
platelets  are small (diameter of 2-3 μm, approximately 1/5 the diameter of red blood cell), round, anuclear  cells  with prominent reddish purple granules.

Normal platelet count   140-400    x103 /mm3
Thrombocytopenia

Decrease in the platelet count below the lower limit of 150,000/ mm3
Causes of thrombocytopenia
1. Increased platelet destruction
-Immune mediated
· -Primary: Immune thrombocytopenic purpura
· Secondary: Systemic lupus erythematosus, lymphoma
· -Post-transfusion or pregnancy  
· Drug-induced: Quinidine, heparin, sulfa compounds
· -Infections: HIV infection, infectious mononucleosis, cytomegalovirus
-Non-immune mediated
· Disseminated intravascular coagulation
· Thrombotic thrombocytopenic purpura

· Mechanical destruction: Prosthetic heart valves.

2. Decreased production of platelets
- Liver cirrhosis

-Generalized primary diseases of bone marrow:  Aplastic anemia 
-Bone marrow invasion/infiltration: Leukemia, disseminated cancerMegaloblastic anemia

3. Hypersplenism
Thrombocytosis

Increase platelet count above upper limit of normal
1.Hemorrhage.
2.Surgery and trauma.
3.Aftersplenectomy.
4.Iron deficiency anemia. 
5. Non-infective inflammatory disorders. 
6.Malignancy especially Hodgkin’s disease and carcinoma.
7.Blood disease (e.g. CML and polycythemia vera). 
Anemia

The major adaptations to anaemia are in the cardiovascular system (with increased stroke volume and tachycardia) and in the haemoglobin 02 dissociation curve. In some patients with quite severe anaemia there may be no symptoms or signs, whereas others with mild anaemia may be severely incapacitated.

The presence or absence of clinical features can be considered under four major headings.

1. Speed of onset Rapidly progressive anaemia causes more symptoms .

2. Severity  Mild anaemia often produces no symptoms or signs but these are usually present when the haemoglobin is less than 9-10 g/dL. Even severe anaemia (haemoglobin concentration as low as 6.0 g/dL) may produce remarkably few symptoms, however, when there is very gradual onset in a young subject who is otherwise healthy.

3. Age The elderly tolerate anaemia less well than the young because of the effect of lack of oxygen on organs when normal cardiovascular compensation is impaired.

4. Haemoglobin 02 dissociation curve 
Symptoms of Anemia

If the patient does have symptoms these are usually shorhless of breath particularly on' exercise, weakness,

lethargy, palpitation and headaches. In older subjects, symptoms of cardiac failure, angina pectoris or intermittent claudication or confusion may be present. Visual disturbances because of retinal haemorrhages may complicate very severe anaemia, particularly of rapid onset.

Signs of anemia

These may be divided into general and specific. 

· General signs include pallor of mucous membranes which occurs if the haemoglobin level is less than 9-10 g/dL. Conversely, skin colour is not a reliable sign. A hyperdynamic circulation may be present with tachycardia, a bOilllding pulse, cardiomegaly and a systolic flow murmur especially at the apex. Particularly in the elderly, features of congestive heart failure may be present. Retinal haemorrhages are tmusual.

· Specific signs are associated with particular types of anaemia (e.g. koilonychia 'spoon nails' with iron deficiency, jaundice with haemolytic or megaloblastic anaemias, leg ulcers with sickle cell and other haemolytic anaemias, bone deformities with thalassaemia major and other severe congenital haemolytic anaemias).

[image: image5.emf][image: image6.png]‘Table 2 Causes of ntravascular haemolysis

Mismatched blood transfusion (usually ABO)
GAPD deficency with oxidant stress

Red cell fragmentation syndromes.

Some autoimmune haemoly'ic anacrmias

Some drusg-and infection-induced haemolytic anaemias.
Paroxysmal nocturnal haemoglobinuria

March haemoglobinusi

Unstable hacmoglobin

GAPD, ghucose.6-phosphate dehydrogenase



Microcytic anemia

Iron deficiency is the most common cause of anaemia in every country of the world. It is the most important cause of a microcytic hypochromic anaemia, in which the two red cell indices MCV and MCH are reduced and the blood film shows small (microcytic) and pale (hypochromic) red cells. This appearance is caused by a defect in haemoglobin synthesis.

The major differential diagnosis in microcytic hypochromic anaemia is thalassemia and anaemia of chronic disease.
Causes of iron deficiency

1. Chronic Blood loss

Menorrhagia, post-menopausal bleeding,  Oesophageal varices, peptic ulcer, Overt haemoptysis, idiopathic pulmonary haemosiderosis, Widespread bleeding disorders

2. Increased demand

Prematurity,  Growth &  Preganacy

3. Malabsorption
4. Dietary:   not sole factor except in infants and children.
General symptoms:

1. Symptoms of anemia


2. Symptoms of iron deficiency :   as Pica(perverted appetite as dirt or ice eating).

1. A painless glossitis, 

2. Angular stomatitis,

3. Brittle, ridged or spoon nails (koilonychia), 

4. Dysphagia 
5. In children, iron deficiency is particularly significant as it can cause

a. irritability, 

b. poor cognitive function

c. and a decline in psychomotor development.
Laboratory finding

1. CBC
a. Decreased Hb, decreased MCV (<76FL), MCH and MCHC (proportionally).

b. RDW(anisocytosis) is increased in iron deficiency states 

c. Low reticulocytic count (it is increased after treatment).

2. Serum ferritin.

3. Decreased iron and increased TIBC indicates iron deficiency.
β -Thalassaemia trait (minor):

Clinically: 

1. This is a common, usually symptomless,

2. Little or no anemia especially with stress like pregnancy.

3. Not diagnosed until adolescent or adult life.
4. Mostly is diagnosed as iron deficiency anemia
Laboratory: 

1. characterized by:

·  a hypochromic, microcytic blood picture (MCV and MCH very low) 

· But high red cell count (>5.5 x 1012/L) and mild anaemia (haemoglobin 10-12.g/dL).

2. It is usually more severe than α-thalassaemia trait. 

3. A raised Hb A2 (>3.5%) (3.5-7%) Hb F 1-5%, Hb A1 (90-95%) confirms the diagnosis.

· Sometimes patient has combined thalassaemia minor and iron deficiency anemia so patient has no increase in Hb A2 or Hb F and diagnosis of this is difficult by:

First replenish iron stores and then Do Hb. Electrophoresis.

BETA THALASSAEMIA TRAIT   versus   IRON DEFECIENCY ANEMIA


Blood picture of a Case of mild microcytic hypochromic anemia with mild anisopoikilocytosis may be a mystery; is it a β-thalassemia trait or iron deficiency anemia?

1ST Example : (RBCs :5.14, Hb 10.5, MCV : 59, MCH 18, MCHC 32.2, RDW 12.1)

2nd Example : (RBCs :3.84, Hb 10.5, MCV : 68, MCH 22, MCHC 30.1, RDW 15.2)
· β-thalassemia trait characters :

1. Mild anemia (mostly not les than 10 mg/dl)

2. Sever microcytic hypochromic erythrocytes.
      ( not proportionate with haemoglobin level.) 

3. mostly normal RDW.
4. Hb. electrophoresis: Hb. (A2) :3.5-7%, Hb (F) may be increased.

5. Normal serum iron, ferritin level, transferrin and TIBC (total iron binding capacity).(except if associated 0`with iron def.) 

Macrocytic anemia 
In macrocytic anaemia the red cells are abnormally large (mean corpuscular volume, MeV >98 f).
There are several causes but they can be broadly subdivided into megaloblastic and non-megaloblastic based on the appearance of developing erythroblasts in the bone marrow.

Causes of macrocytic anemia
1. Megaloblastic:

1. Vitamin Bl2 deficiency

2. Folate deficiency

Causes of macrocytic anemia
1. Megaloblastic:

1. Vitamin Bl2 deficiency

2. Folate deficiency

3. Abnormalities of vitamin B12 or folate metabolism 
2. Non-megaloblastic: (round & large but smaller than that of Megaloblastic)
1. Neonates
2. Pregnancy

3. Reticulocytosis
4. Aplastic anaemia

5. Liver disease

6. Myxoedema (Decreased thyroid function)

7. COPD 

8. Chemotheraby
9. Alcohol

10. Smoking

Diagnosis

· Haematological finding:
1. CBC

a. WBCs: ( Leucopenia & Hypersegmented neutrophils)
b. RBCs: (Macrocytic anaemia (MCV usually >100fL) & ovalocytes)
c. Reticulopenia (reticulocytosis after therapy).

d. NRBCs may be present.

e. PLTs:  thrombocytopenia is common

2. Bone marrow shows
a. Hypercellular marrow
b. Myeloid with ‘Giant’ band cells and metamyelocytes.
c. Erythroid series: ( Asynchronous maturation).

· Special tests:

Therapeutic trials (contraindicated in severely ill patients)
Patient is placed in low B12 diet to (7-10) days then physiological dose of B12 (1 μg/d) and folic acid (100 μg/d).

Haemolytic anemia

Normal red cell destruction

Red cell destruction usually occurs after a mean lifespan of 120 days when the cells are removed extravascularly by the macrophages of the reticuloendothelial (RE) system, especially in the marrow but also in the liver and spleen. As the cells have no nucleus, red cell metabolism gradually deteriorates as enzymes are degraded and not replaced and the cells become non-viable. The breakdown of haem from red cells liberates iron for recirculation via plasma transferrin to marrow erytlu'oblasts, and protoporphyrin which is broken down to bilirubin.

Haemolytic anaemias are defined as those anaemias that result from an increase in the rate of red cell destruction. Because of erythropoietic hyperplasia and anatomical extension of bone marrow, red cell destruction may be increased several-fold before the patient becomes anaemic-compensated haemolytic disease. The normal adult marrow, after full expansion, is able to produce red cells at 6-8 times the normal rate provided this is 'effective'. It leads to a marked reticulocytosis, particularly in the more anaemic cases. Therefore, haemolytic anaemia may not be seen until the red cell lifespan is less than 30 days.

Intravascular and extravascular haemolysis

There are two main mechanisms whereby red cells are destroyed in haemolytic anaemia. 

· There may be excessive removal of red cells by cells of the RE system (extravascular haemolysis)

· they may be broken down directly in the circulation in a process known as intravascular haemolysis. 
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