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HEMOPOIESIS

Site of hemopoiesis: imp.
· 0-6 Weeks ( yolk sac.
· 6 weeks – 6 months (fetal life) ( liver + spleen.
· 6 months - adult life ( bone marrow.  
· In adults about 50% of marrow space occupied by fat. MCQ
· This fat space can be replaced by marrow.
· Also hemopoiesis can expand to involve long bones, liver and spleen - extramedullary hemopoies. MCQ 
[image: image1.jpg]Table 1.1 Sites of haemopoiesis

Fetus 0-2 months (yolk sac)
2-7 months (liver, spleen)
5-9 months (bone marrow)

Infants  Bone marrow (practically all bones)

Adults  Vertebrae, ribs, sternum, skull, sacrum and pelvis, proximal
ends of femur




[image: image2.jpg]F1g. 1.1 Anormal bone marrow trephine biopsy (posterior iliac
crest). Haematoxylin and eosin stain; approximately 50% of the
intertrabecular tissue is haemopoietic tissue and 50% is fat.





Notes:
· In children, hemopoiesis occurs in central "axial" bones and peripheral "long" bones, but in adult occurs only in central "axial" bones.

· In evaluation of bone marrow, there is 2 part:

1- Aspiration: it is a fluid sample from bone marrow for e.g. blood sample. This part is good for looking at individual cells in detailed.

2- Biopsy core: as any other biopsy when taking it and it called Trephine biopsy. Good to see the architecture of bone marrow "fat, cellularity, and comparisons between them".  Biopsy is simple, done under local anesthesia; pain full so should be done in need only and has few complications. 

· No. 1 site for bone marrow biopsy is iliac crest “MCQ” esp. posterior one because it's easy to touch and it doesn't has critical or vital structures. Second site is sternum but we should be caution when doing it because sternum is a thin bone and the heart is beneath it, so there is a special short needle with a protection or control for sternum biopsy.

· We move from iliac crest biopsy to sternum biopsy in such cases as if the sample of iliac crest is fibrosed, or the patient is obese and then we can't touch the crest due a lot of fat in this area.

· Bone marrow biopsy shows 2 parts: fat and cells. In comparison between fat and no. of cells we should know that cellularity depends on age of the patient e.g. in a 1 year old child, 70% of the sample contains marrow cells and 30% is fat. With increased age, no. of cells decreased and fat increased due to fat replacement as seen in adult where 50% of marrow space is occupied by fat.
· We comment also on different cell lines: megakaryocytic line for platelets production, erythroid cell line for RBCs production, myeloid cell line for neutrophil, basophil and eosinophil production, and lymphoid cell line for lymphocyte production "more in fig. 1.2".
· If there is a need for more hemopoiesis in such patients, there are compensatory mechanisms for that: 

· Fat space can be replaced by marrow. 

· Long bones, liver and spleen involvement in hemopoiesis.   
Stem cells:
· Pluripotent "multi-potential" cell that can give rise to separate cell lines.
· Differentiation to various lines occurs via committed progenitors. 

Note:

· Differentiation is important to know it in hematology because each cell in blood get into different stages to reach maturation, and abnormality can be in any stage of differentiation, so this clarify the study of the diseases e.g. leukemia is a disease of abnormality in differentiation.  
[image: image3.jpg]Fig. 1.2 Diagrammatic representation of the bone marrow
pluripotent stem cell and the cell lines that arise from it. Various
progenitor cells can be identified by culture in semi-solid medium by
the type of colony they form. baso, basophil; BFU, burst-forming unit;
CFU, colony-forming unit; E, erythroid; Eo, eosinophil; GEMM,
granulocyte, erythroid, monocyte and megakaryocyte; GM,
granulocyte, monacyte; Meg, megakaryocyte; NK, natural killer.
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Bone marrow stroma:
· Composed of stromal cells and micro vascular network.

· Stromal cells: fat cells, fibroblasts, macrophages, reticulum cells and endothelial cells.

· These cells secrete extracellular matrix and growth factors.
Growth factors:

· Hormones that regulate proliferation and differentiation of progenitor cells and the function of mature cells.
Stem cells plasticity:

· Stem cells can give rise to various tissues e.g. hemopoietic stem cells and mesenchymal stem cells. Imp.
· May help in treatment of mesenchymal tissue disease especially using embryonic stem cells.
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Notes:

· Plasticity means they have extension to give rise different cell lines and this property gives the idea of using stem cells in treatment of many diseases.

· Hemopoietic cells ( blood cells.

· Mesenchymal cells ( cells of mesenchymal tissue e.g. bones, cartilage … etc. Used in treatment of muscular diseases, bone diseases. etc esp., congenital types.
ANEMIA
· Anemia is a reduction in the hemoglobin concentration of the blood.

· Adult males     <13.5 g /d1  imp.
· Adult females  <11.5g /d1 imp.
· Reduction of plasma volume (e.g. dehydration) may mask anemia. imp
· Increase in plasma volume (e.g. pregnancy) cause anemia although total hemoglobin mass is normal "psudoanemia". 

· In acute major blood loss, anemia is not immediate because both hemoglobin and plasma is lost. When plasma is replaced anemia will appear "this gives us attention to the first line management in accidents with blood loss. Initially, only plasma is given".
Clinical features: 
· The presence or absence of clinical features depends on speed of onset, severity and age.

· Rapidly progressive anemia cause more symptoms than anemia of slow onset.

· Mild anemia causes no symptoms or signs but they will appear when the hemoglobin is less than 9 -10 g /d1. MCQ
· The elderly tolerate anemia less well than the young.
Symptoms: imp.
· Shortness of breath.
· Weakness.
· Lethargy.
· Palpitation.
· Headache.
· Cardiac failure, angina, intermittent claudication “pain in the legs esp. calves due to hypoxia” or confusion esp. in elderly.

Signs: imp.
· General: e.g. pallor of mucus membrane, tachycardia.

· Specific: associated with particular types of anemia.e.g.
· Koilonychia - spoon shaped nails in iron deficiency anemia.
· Jaundice with hemolytic anemia "due to increased level of bilirubin".
· Leg ulcers in sickle cell anemia "due to blockage of vessels by sickled cells".
[image: image5.jpg]¥ 2.13 Pallorofthe onjunctival mucosa (3} andof the nailbed.
o ptients ithsevere ansemia (aemoglobin 6.0,

T R ST p—





[image: image6.jpg]Table 2.3 Classfcation ofanacia

Moo hypochromic Nomocyicomodvomic Maaogpic

wev<aof MCvso-9sil Mevs 95t

MCH<2Tpg MCH> 2609 Megalablastic vtamins, o foltedefciency
rondeficency Many haemolyticanaemias Non megaloblasticalcahol verdisease,
e o kit myelodysplasia,aplasticanaemia, e
Thalassoemia Anaemiaof cronc sease (some ases) Pt

Anaemiaof chronicdisease Afecacutebloodloss

() Renaldisase

Leadpoisoning

Sideroblasticanaemia
(some cases)

Mised deficiencies

Bone marnow falure e . post-chemotherapy,
ation by carcinoma, et





Note:

· Classification depends on ( size of RBC (Mean Corpuscular Volume MCV) and concentration of Hb (MCH).
Laboratory findings and classification:
· Hb level. 

· RBC indices: classification is based on indices (microcytic, normocytic and macrocytic).
· Reticulocyte count: increased in hemolytic anemia, hemorrhage. Decreased in aplastic anemia.

· Blood film: abnormal RBC morphology. 
· Bone marrow examination:

· Aspiration and trephine biopsy.
· Looking for cellularity, erythnoid cells, iron stores.

Notes:

· Polychromasia means there is many different colors of RBCs in the test's sample. Why?! See below (
· Back to fig.2.2, the final cells appear in the blood are reticulocytes and red cells. The red cells "mature" are not nucleated and appear reddish in the sample, but reticulocytes "young RBCs" are in the nucleus degeneration stage and there is RNA everywhere inside the cells, so they appear bluish. If there is increased no. of reticulocyte, polychromasia will be clear. So, we use reticulocyte count test, where there is a special stain, to count the no. of reticulocytes and look closely to the polychromasia.

· The peripheral blood smear is used to show the morphology of RBCs and has its special stain.  
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**الأشكال اللي محدد عليها بإشارة قالت الدكتورة هي أهم شي و الباقي مو مهمة
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IRON DEFICIENCY ANEMIA

· Iron deficiency is the most common cause of anemia in every country. MCQ
· It is the most important cause of microcytic hypochromic anemia (decrease in MCV, decrease in MCH, decrease in MCHC). MCQ
· Due to defect in hemoglobin synthesis.
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Differential diagnosis in microcytic hypo chromic anemia: imp.
· Iron deficiency.
· Thalassemia.
· Anemia of chronic disease. 

Iron distribution and transport:
· Transferring delivers iron to tissue.

· e.g. erythroblasts in bone marrow

· At the end of RBC's life ( macrophages ( iron released ( plasma + combine transferrine.

· Small proportion of plasma iron comes from diet –absorbed + through duodenum +jejunum "low pH ( increased absorption of iron.
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Dietary iron:
· Meat especially liver is rich in iron.

· 5 -10% of taken iron is absorbed.
[image: image11.jpg]Table 3.2 Iron absorption
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Iron requirements:
· Varies depending on age, sex. It is increased in pregnancy, adolescent and menstruating females.
Clinical features:
·  General:

· Lethargy.
· Pallor.
· Headache.
· Palpitation.
·  Specific:

· Painless glossitis. MCQ
· Angular stomatitis.
· Brittle or spoon nails (Koilonychias).
· Pica (unusual dietary cravings يعني الوحم زي اللي عند الحامل). MCQ
· Irritability and delayed psychomotor development in children.
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[image: image13.jpg]Table 3.4 Causes of iron deficiency

Chronic blood loss

Uterine

Gastrointestinal, e.g. peptic ulcer, oesophageal varices, aspirin (or
other non-steroidal anti-inflammatory drugs) ingestion, partial
gastrectomy, carcinoma of the stomach, caecum, colon or rectum,
hookworm, angiodysplasia, colitis, piles, diverticulosis, etc.

Rarely haematuria. haemoglobinuria, pulmonary haemosiderosis,
self-inflicted blood loss

Increased demands (see also Table 3.3)
Prematurity

Growth

Pregnancy

Erythroposetin therapy

Malabsorption
ror example gluten-induced enteropathy, gastrectomy.

Poor diet
A contributory factor in many developing countries but rarely the
sole cause except in infants and children





Laboratory findings: imp.
· Hb level, RBC (decreased) + RBC indices.
· Peripheral blood film: hypochromia, microcytosis, pencil shaped cells.

· Reticulocyte count: decreased.

· Serum iron level is decreased.
· Total iron binding capacity is increased.

· Serum ferritin is decreased.
[image: image14.jpg]Fig. 3.7 The peripheral blood filmin
severe iron deficiency anaemia. The cells
aremicrocytic and hypochromic with
occasional target cells.
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HEMOLYTIC ANEMIA & HEREDITARY SPHEROCYTOSIS

-HEMOLYTIC ANEMIA

· Increased rate of RBCs destruction.

Normal RBCs destruction:
· Occurs after a lifespan of 120 days.
·  Destruction extra-vascular in macrophages of reticulo-endothelial system esp. bone marrow and spleen.
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[image: image17.jpg]Table5.1 Classification of haemolytic anaemias
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Intravascular and extra vascular hemolysis:
· Extra vascular hemolysis:
· Excessive removal of RBCs by RE system.

· Intravascular hemolysis:

· RBCs are broken down in the circulation.

· Free Hb is released saturation of haptoglobin.
· Excess free Hb ( urine ( hemoglobinuria and iron accumulation in renal tubules ( hemosidrinuria.
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-MEMBERANE DEFECTS (HEREDITARY SPHEROCYTOSIS)

Pathogenesis:
· Defect in the proteins involved in the interaction between the membrane skeleton and the lipid bi-layer of the RBC.
· The marrow produces RBCs of normal biconcave shape. RBC lose membrane and become spherical – loss of surface area and die prematurely.

Clinical features:
· Autosomal dominant.

· Anemia: appears from infancy to old age.

· Jaundice "due to presence of un-conjugated bilirubin". 
· Splenomegaly.

· Gall stone "due to increased lipid level by increase destruction of RBC membrane"
· Aplastic crisis: precipitated by parvovirus infection "by suppression of the bone marrow by the virus", causing a sudden increase in severity of anemia.

Laboratory findings:
· Anemia.

· Reticulocytosis.

· Blood film: spherocytes.

· Osmotic fragility: increased. 
[image: image19.jpg]Fig.5.6 The osmotic fragility in hereditary spherocytosis, The curve
is shifted to the right of the normal range (in yellow), buta tail of
more resistant cells (reticulocytes) is also present,




Defective red cell metabolism
Glucose 6-phosphate dehydrogenase deficiency

Pathogenesis:
· G6PD functions to reduce NADP ( NADPH (needed for production of reduce glutathione).

· Deficiency makes the RBCs susceptible to oxidant stress.

· Acute hemolytic anemia occurs in response to oxidant stress: drugs, fava beans or infections.
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Fig. 5.7 Hemoglobin and red blood cell (RBC) membrane are usually protected from oxidant stress by reduced glutathione (GSH). In G6PD deficiency, NADPH and GSH synthesis is impaired. F6P, fructose-6-phosphate, glucose-6-phosphate; G6PD, glucose-6-phosphate dehydrogenase; GSSG, glutathione (oxidized form); NADP, NADPH, nicotinamide adenine dinucleotide phosphate. 

[image: image21.jpg]Tabla5.4 Agents which may cause haemolvtic anaemia in alucose-
6-phosphate dehydrogenase (G6PD) deficiency

Infections and other acute ilinesses, e.g. diabetic ketoacidosis

Drugs

Antimalarials, e.g. primaquine, pamaquine, chloroquine, Fansidar,
Maloprim

Sulphonamides and sulphones, e.g. co-trimoxazole,
sulphanilamide, dapsone, salazopyri

Other antibacterial agents, e.g. nitrofurans, chloramphenicol

Analgesics, e.q. aspirin (moderate doses are safe), phenacetin

Antihelminths, e.g. f-naphthol, stibophen, nitrodazole

Miscellaneous, e.g. vitamin K analogues, naphthalene (moth
balls), probenecid

Fava beans (possibly other vegetables)

NB. Many common drugs have been reported to precipitate
haemolysis in G6PD deficiency in some patients, e.g. aspirin, quinine
and penicillin. but notat conventional dosage:




Genetics:
· X-Linked.

· Female heterozygote has resistance to falciparum malaria.

· The gene is located on x-chromosome close to the factor VIII gene.
Epidemiology:
· The main races affected are West Africa, Middle East, Mediterranean and South East Asia. Most sever in Mediterranean and Middle East.

Clinical features:
· Features of intravascular hemolysis precipitated by infection, drugs, ingestion of fava beans.

· Anemia/ pallor.

· Hemoglobinuria.

· Jaundice.

· Fever.

· Abdominal pain.

Laboratory findings:
· Anemia.

· Reticulocytosis.

· Peripheral blood: fragmented RBCs "bite cells-blister cells" ( due to removal of Heinz bodies "HB". "HB on RBCs detected and removed by spleen, and fragmented RBCs formed".

· Heinz bodies: (oxidized, denatured Hb)

· Hemoglubinuria.

· Decrease haptoglobin.

· Hemoglobinemia.

· Hyperbilirubinemia.

· G6PD level: normal within acute phase because young RBC have higher level of enzyme "so we test for the disease after the acute phase".

MACROCYTIC ANEMIA

· Large RBCs.
· Causes:

· Megaloblastic ( Vit. B12, folate deficiency.
· Non – megaloblastic ( alcoholism, liver disease, aplastic anemia.

-MEGALOBLASTIC ANEMIA:
· Anemias characterized by delayed maturation of the nucleus compared to the cytoplasm.

Pathogenesis:

· Deficiency of Vit. B12 or folate ( defective DNA synthesis.
Laboratory findings:

· Anemia, macrocytic.
· Peripheral blood: macrocytosis, ovalocytosis. Imp. in this test to differentiate between small fragmented WBCs and platelets "don't miss up". 
· Decrease WBC: with hypersegmented neutrophils "more than 5 lobes".

· Decrease platelets.
· Bone marrow: hyper cellular, megaloblastic erythropoiesis – immature nuclei with normal hemoglobinization "hemoglobinization = cytoplasm".

· Increase bilirubin; increase LDH due to marrow cell breakdown.
· Decrease serum B12 serum folate and RBC folate.
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[image: image23.jpg]Fig.4.11 Megaloblastic anaemia: peripheral blood film showing
oval macrocytes and hypersegmented neutrophil.




Vitamin B12:

· Source: food of animal origin.
· Absorption after combination with intrinsic factor (synthesized by gastric parietal cells), the complex is absorbed in the distal ileum.
· Transport: the absorbed Vit. B12 is attached to transcobalamin 11 which transports Vit. B12 to the bone marrow.
· Deficiency: 

· Causes:

· Dietary ( vegetarian.
· Pernicious anemia: autoimmune gastric mucosa atrophy.
· Gastrectomy.
· Intestinal disorders: e.g. chron's disease, ileac resection.
Folate:

· Source: not synthesized in the body and thus obtained in diet only.
· Absorbed in the upper small intestine.

· Deficiency:

· Dietary. 

· Mal-absorption.
· Increased requirements: e.g. pregnancy, hemolytic anemia.
· Drugs: e.g. anticonvulsant.

· Clinical features:

· general:

· Pallor, lethargy, etc …. .
· Specific:

· Jaundice.
· Glossitis: painful.
· Angular stomatitis.
· Purpusa: due to thrombocytopenia.
· Neuropathy: sensory and motor, especially in the lower limbs.
· Neural tube defect.
· Psychological impairment. 
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[image: image26.jpg]Fig.4.8 Megaloblastic anaemia: angular cheilosis (stomatitis).




[image: image27.jpg]Table 4.6 Effects of vitamin 8, . ~: folate deficiency
——
Megaloblastic anaemia

Macrocytosis of epithelial cell surfaces

Neuropathy (for vitamin B, , only)

Sterility

Rarely, reversible melanin skin pigmentation

Decreased osteoblast activity

Neural tube defects in the fetus are related to folate or B, , deficiency
Cardiovascular disease (see text and Chapter 21)





HEMOGLOBIN SYNTHESIS

· Normal adult blood contains three types of hemoglobin A, A2, F.
· The genes for alpha (α) globin is on chromosome 16, for E, G and B are on chromosome 11.
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Examples of abnormal hemoglobin:

· HbS: Alpha2 (α2) Beta2 (β2) 6Glutamine ( Valine.
· HbC: Alpha2 (α2) Beta2 (β2) 6Glutamine ( Lysine.

Hemoglobinopathies:
· Diseases caused by reduced or abnormal synthesis of hemoglobin.

· Synthesis of abnormal hemoglobin like sickle cell disease.

· Reduced rate of synthesis of normal alpha (α) or β globin chain (Alpha (α) and β thalassemia).
Epidemiology:
· Affects 7% of the world's population.
· Occurs in tropical and subtropical areas.

· β thalassemia is more common in the Mediterranean region.

· Alpha (α) thalassemia is more common in the Far East.
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Disorders:
1- Thalassemia.

2- Sickle cell anaemia.
1- THALASSEMIA:

· Thalassemias are a heterogenous group of genetic disorders, which result from a reduced rate of synthesis of alpha (α) or β chains.

A- ALPHA THALASSEMIA:

· Caused by gene deletion.

· Since there are four copies of alpha (α) globin gene, the clinical severity depends on the numbers of genes missing.

· HYDROPS FETALIS:

· There is loss of all 4 genes, there is complete suppression of alpha (α) chains ( incompatible with life ( intrauterine death.
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[image: image31.jpg]Fig.6.5 cr-thalossaemia: hydrops fetali, the result of deletion of all
four c-globin genes (homozygous o thalassacmia). The main
haemoglobin presentis Hb Barts (7). The condition is incompatible
with life beyond the fetal stage. (Courtesy of Professor D, Todd.)





· HEMOGLOBIN H DISEASE:

· There are 3 gene deletions. Moderately severe anemia 7 – 11 g / d1.
· Microcytic hypochromic anemia.
· Splenomegaly.
· Hb H is formed (β4) and can be seen in the peripheral blood by reticulocyte stain or can be detected by Hb electrophoresis. 
[image: image32.jpg]Fig. 6.6 () c-thalassaemia: haemoglobin H disease (three ci-globin
gene deletion).The blood film shows marked hypochromic,
microcytic cells with target cells and poikilocytosis. (b) o-
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· ALPHA THALASSEMIA TRAIT:

· Loss 1 or 2 genes.

· No anemia but the RBC count is increased and there is microcytosis (decrease MCV) and hypochromia (decrease MCV). Imp. In differentiation with iron deficiency anemia. 
· Hemoglobin electrophoresis is normal. 

· Diagnosis is based on  α/β chain synthesis. Normal ratio is 1:1. It is reduced in alpha thalassemia and increased in B thalassemia. 
B- BETA THALASSEMIA:

Inheretance:
· 25% offsprings if parents are carriers of the β thalassemia trait.
Pathogenesis:
· No B chain (β0) or small amounts (β+) are synthesized "autosomal recessive".

· Alpha (α) chain production in excess ( precipitate in RBCs ( hemolysis

· Production of gamma (γ) chains ( reduced severity of the disease.

· The defect is gene mutation rather than a gene deletion.
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Clinical features:
1. Anemia: Severe appears 3-6 month after birth (switch from gamma to beta chains).
2. Hepatomegaly – Splenomegaly: due to hemolysis, extramedullary hematopoiesis and iron overload "see no. 5 for more".
3. Jaundice: Due to hemolysis, liver damage.

4. Bone expansion: due to marrow hyperplasia results in thalassemia facies, bossing of skull, and hair on end appearance on x –ray.
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5. Iron overload: due to hemolysis, increased absorption and multiple transfusions results in:
a. Hepatomegaly and liver damage.

b. Splenomegaly.
c. Endocrine organs failure: growth failure, delayed puberty, diabetes mellitus, hypothyroidism.

d. Cardiac complications: usual cause of death if not treated "arrhythmia due to accumulation of iron in heart ( death if not treated".

6. Increased susceptibility to infections: usually bacterial infection especially after splenectomy ( Pneumococcal, Meningococcal and Hemophilus. MCQ
Laboratory diagnosis:
1- Anemia:

· Hypo chromic, microcytic (low MCH, low MCV).
· Reticulocytosis.
· On peripheral blood smear: nucleated RBC “normoblasts”, target cells, polychromasia, basophilic stippling.
2- Hemoglobin Electrophoresis:

a. HbA: absent. MCQ
b. HbF: Increased.
c. HbA2: Normal, decreased, increased. “Imp. in treatment of B thal. Trait". 
d. Alpha / Beta globin chain ratio is increased.

· BETA THALASSEMIA TRAIT (THALASSEMIA MINOR):

· Common, symptomless.
· Laboratory findings:

· Microcytosis (low MCV), Hypochromia (low MCH).

· Mild anemia. “or no”
· Increased RBC count.

· Increased HbA2 level. > 3.5%
Diagnosis of B thal. Trait is important for per- marital, counseling and prenatal diagnosis. If both parents with B thal. Trait, 25% chance of a child with thal. Major.
Prenatal diagnosis:
a. Chorionic villous sampling.

b. Amniotic fluid analysis.
c. Fetal blood sampling.
· THALASSEMIA INTERMEDIA:

· Moderate severity, Hb7 -10 g / d1.
· caused by a variety of genetic defects e.g.:
· Homozygous B thalassemia with increased HbF-gamma (γ).

· Homozygous mild B thalassemia – mild defect in B chain synthesis.

· Hemoglobin lepore: abnormal hemoglobin caused by crossing – over of the B and delta (δ) genes with production of a B delta (δ) protein chain.

2- SICKLE CELL ANEMIA:
· Sickle cell disease is group of hemoglobin disorders in which the sickle B –globin gene is inherited e.g.:
· Homozygous sickle cell anemia (HbSS): the most common. “fatal”
· Double heterozygote HbSC. “rare”
· Double heterozygote HbS B thal. . “less common”
Hemoglobin S: 
· Hb alpha2 B2 S (α2β2): Substitution of valine for glutamic acid in position 6 in the B chain. MCQ
· Insoluble: when exposed to low O2 ( crystal formation. MCQ
Pathogenesis:
· Deoxygenated sickle hemoglobin polymerizes into long fibers. The RBCs sickle:
· Hemolysis due to fragility.
· Blockage of vessels ( infarct.
· High viscosity.
Epidemiology:

· Widespread.

· 1/4 in West Africa. Protection against malaria is afforded by carrier state.

· In Saudi Arabia: common especially in Eastern Province, Jizan and Al-Ola area.
Clinical features:
1. Severe hemolytic anemia: however the symptoms are mild compared to the Hb level because HbS has a lower affinity for Q2 than A2. The symptoms are pallor, jaundice … etc. MCQ
2. Crises: MCQ
a. Vasooclusive.
b. Visceral.
c. Aplastic.
d. Hemolytic. 

    3. Other:
a. Susceptibility to infection, e.g. Salmonella osteomyelitis. MCQ
b. Gall stones.
c. Liver damage.
d. Papillary necrosis of the kidney ( hematuria.

e. Leg ulcers.
f. Splenomegaly in early childhood and autosplenectomy in later life (asplenia). MCQ
g. Retinopathy.

h. Osteomylitis ( infection of bones lead to deformation ( hand foot syndrome 
a- Vasoocclusive:

· Painful.
· Precipitated by infection, acidosis, dehydration, pyrexia, deoxygenation, exposure to cold, pregnancy.

· Organ infarcts e.g. bone (femoral head necrosis), lungs, spleen, liver, brain (stroke).

· Painful dactylitis – small infarcts of the small bones of the hands and feet.

b- Visceral Crises (Sequestration):

· Pooling of blood.
· Sickling inside the organs e.g. spleen, liver and lungs (acute chest syndrome). MCQ
c-  Aplastic Crises:

· Due to parvovirus infection or folate deficiency.

· Sudden fall in Hb, associated with decreased reticulocyte count.

d- Hemolytic Crises:

· Increased rate of hemolysis.

· Decreased Hb with increased reticulocyte count.
Laboratory findings:
· Hb: Usually 6 -9 g /I.

· Peripheral blood smear: Sickle cells, target cells.

· Sickling test: Positive (test of solubility of Hb when deoxygenated). MCQ
· Hb electrophoresis: The predominant Hb is HbS. HbF (5 – 15%). Higher values of HbF associated with milder disease. MCQ
· SICKLE CELL TRAIT:

· No anemia. 

· Normal RBC morphology on peripheral blood smear.

· Very minimal infarction e.g. kidney ( hematuria. MCQ
· HbS level = 25 – 45%.

· Sickling increase when exposed to O2 e.g. anesthesia, pregnancy, high altitude.
ACQUIRED HEMOLYTIC ANAEMIAS

OUTLINE OF LECTURE

· Acquired hemolytic anemia (HA):
· Immune: 

· Alloimmune          

· Autoimmune [Cold-Warm]

· Non –immune 

· Mechanism of Immune HA. 

· Warm AIHA: 

· Antibody involved.

· Clinical features.

· Laboratory features.

· Classification (Etiology)

 Hemolysis:
· Premature destruction of RBCs.

· Hemolysis could be due to:

a. Defect in the RBCs (intra - corpuscular) as in congenital hemolytic anemia.

b. Defect in the surrounding environment 

(extra-corpuscular) as in acquired anemia.

 Types:
A. Immune.                                   

B. Non- Immune.
A. IMMUNE HEMOLYTIC ANEMIA: 

Erythrocytes are destroyed due to deposition of immune-globulins and /or competent. It could be:

a. Alloimmune:
 "Foreign" antibodies are destroying RBCs e.g. hemolytic transfusion reaction or hemolytic disease of the newborn.

b. Autoimmune (AIHA):
 Group of anaemias in which there is development of antibodies directed against antigens on the surface of the patients own RBCs. The antibodies are usually IgG or less commonly IgM and some bind complement. It classified, according to the temperature at which the antibody reacts with the RBCs, into:
1. Warm:   at 37ْ C.

2. cold   :  < 37ْ C

Mechanism of AIHA
Destruction of RBCs can be either: cell mediated or complement mediated.

a. Cell mediated: destruction is through macrophages with receptors for:

a. Fc portion of immunoglobulin or

b. Complement bound to RBCs "through TAG".

b. Complement mediated: destruction or (Lysis) of the cell is directly by complement.
a. Cell mediated by macrophages with receptors for complement:
RBCs, with complement attach to macrophages through the complement receptor      causing phagocytosis. The destruction is mainly extra vascular, in the liver because it contains a large number of macrophages with complement receptors. Spleen plays a lesser role unless it is enlarged. This mechanism is important in the cold type.

b. Complement mediated:
      Direct lysis by complement, causes intravascular hemolysis. Seen in paroxysmal cold hemoglobin urea (a type of cold autoimmune hemolytic anemia).
Warm AIHA:

Etiology (classification):

a. Idiopathic : 30% of the cases (Primary)

b. Secondary:

1. Autoimmune diseases: e.g. systemic lupus erythematosis (SLE), rheumatoid arthritis.

2. Lympho-proliferative diseases: e.g. chronic lymphocytic leukemia, lymphoma.

3. Malignancies: e.g. ovarian carcinoma.

4. Post viral infections.

5.  drugs: e.g. methyldopa ( aldomet)

Antibody features: 

· Warm antibody.

· Usually IgG.

· Usually has Rh specificity
Clinical features:

· Lethargy, Pallor.

· Jaundice.

· Splenomegaly, hepatomegaly.

Laboratory features: 

· peripheral blood:

· Anemia

· Polychromasic

· Spherocytes

· Nucleated RBCs

· Reticulocyte count: increased.
· Bone Marrow: erythroid hyperplasia.

· Chemistry: increased Bilirubin, mostly indirect.

· Coombs test (direct ant globulin test): to detect antibodies covering the RBCs by using an anti–immunoglobulin (i.e. antibody vs. the attached anti- immunoglobulin). This reaction causes agglutination.

**COOMB'S TEST (ANTIGLOBULIN TEST) **
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Agglutination
B. NON IMMUNE HEMOLYTIC ANAEMIAS

Hemolytic anaemias due to mechanisms or agents other than antibodies + / or complement e.g.: 

· Mechanical ( traumatic) (fragmentation)

· Toxins 

· Infections

· Splenomegaly ( hypersplenism)

· Burn ( physical) 

· Renal failure and liver failure

· Chemical

Mechanical (traumatic) (fragmentation):

     This is due to direct trauma (stress) to the RBCs causing fragmentation of the RBCs and intravascular hemolysis. The fragmented cells can be seen on peripheral blood smears and are called (schistocytes).

Types:

1. cardiac – most common type
Due to:

a. prosthetic valves 

b. Patches "injured endothelium".
c. Valvular disease e.g. stenosis.

2. Microangiopathic: mechanical hemolysis due to contact between the RBCs and the abnormal intema of thrombosed, narrowed, necrotic small vessels or fibrin strand formation.

Caused by many diseases e.g. DIC (disseminated intravascular coagulation), malignant hypertension, disseminated malignancies especially mucin secreting Adeno-carcinomas (thrombotic thrombocytopenic purpura), hemolytic uremic syndrome (HUS). Causes intravascular hemolysis(
· Hemoglobinurea

· Hemoglobinemia.

· Decreased haptoglobin.

· Fragmented RBCs (schistocytes) on peripheral blood film.

· Hemosidrinurea.

Infection:

Many infectious agents can cause hemolytic anaemias due to various mechanisms, e.g.

· Malaria: due to:

· Direct invasion causing intravascular lysis, or /and extra vascular lysis.

· Immune complex formation.

· Splenomegaly.

Black water fever: Is an example of severe intra-vascular hemolysis due to falsiparum sp.
· Clostridium perfringens: due to action of lipase and proteinase enzymes produced by the organism.

· Meningococcal: due to DIC
Chemical: 

E.g. some toxins e.g. spider venom, snake venom, bacterial toxins, arsenic (As), (Cu).

Physical:

 Burn: characterized by the presence of many spherocytes in the peripheral blood. 

Splenomegaly:

Renal Failure and Liver failure: 

Due to change in the metabolic structure of the RBCs.
BLOOD TRANSFUSION
This topic was not included "page 34 - 37"
Red cell antigens:

· 400 red cell antigens recognized.

· The ABO and Rh groups are the most important. 
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Blood group antibodies:
· Naturally occurring: most important

· Anti A, Anti B,

· Usually IgM, cold antibodies – react at 4ºc
Blood donation:

· Blood is collected under aseptic technique.

· Stored in sterilized bags with anticoagulant (citrate phosphate dextrose) at 4 - 6ºc.
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Cellular components:
1. Red cells

2. Platelets

3. WBC
Red cells: 

The most commonly used components.

· Less risk of developing circulatory overload than whole blood, however, slow rate and use of diuretics maybe needed especially in the elderly.

· Iron chelation is needed if there is regular transfusion.

· Leukocyte depleted blood may be needed to prevent febrile reaction.

Fresh frozen plasma:

· From a single donor

· Volume expander

· Replacement of coagulation factors e.g. liver, disease, coagulation factor deficiency, DIC.

· Stored at – 30

Albumin:

Used in hypovolemic shock as a volume expander and in hypoalbuminemia
Cryoprecipitate:

· Obtained by thawing fresh frozen plasma at 4ºc

· Contains concentrated factor VIII and fibrinogen.

· Used in treatment of hemophilia, Von Wille brands disease.

VIII concentrate:

· Replaced cryoprecipitate as treatment of hemophilia A+ VWA.

· However replaced by recombinant factor VIII.
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Hemolytic reactions:

a. Immediate

b. Delayed
A- Immediate hemolytic reaction:

· Life threatening 
· Massive intravascular hemolysis.
· Usually ABO antibodies
· Complement activation

· Less severe hemolysis can be seen with Rh system but not complement activation ( extra vascular hemolysis.
B- Delayed hemolytic reaction:

· Low levels of antibodies not detected in the pretransfusion tests, however after transfusion cause a delayed reaction.
Clinical features of major haemolytic transfusion reaction:
1. Hemolytic shock phase.

2. Oliguric phase.

3. Diuretic phase.
1-Hemolytic shock phase: 

· urticaria

· flushing

· headache

· precordial pain

· shortness of  breath

· rigor

· fever

· decrease blood pressure

· hemoglobinuria

· DIC

2-Oliguric phase:

Acute renal failure.
3-Diuretic phase:

Recovery from acute renal failure associated with fluid and electrolyte imbalance.
Investigation of hemolytic transfusion reaction:

· Checking blood groups and identification for possible clerical error.

· Repeat ABO group and x- match.

· Tests for DIC.

· Tests for intravascular hemolysis. e.g. hemoglobinemia hemoglobinuria
Febrile reaction:

· Due to WBC antibiotics.

· Manifested as rigor, fever, complicated by pulmonary infiltrate.

· Prevented by giving WBC depleted RBC or by filters.
Hypersensitivity reaction:

· To donor proteins.

· Manifest as uricaria, fever, anaphylactic shock, and dyspnea.
· Prevented by washed RBC's
Circulatory overload:

· Due to large amount of fluid.

· Prevented by slow transfusion and giving diuretics
Bacterial contamination:

· Rare 

· Can lead to septic shock
Viral disease transmission:

· Hepatitis

· CMV

· EBV

· HIV
Parasite transmission:
· Malaria

· Toxoplasmosis
Iron overload:

· Over many years.

· Affect liver, heart, endocrine organs.

· Important in chronic hemolytic anemia.
PLATELETS PHYSIOLOGY AND DISORDERS

PLATELETSPHYSIOLOGY:
 Production:

Hematopoietic stem cell ( Megakaryoblasts ( Megakaryocytes ( Platelets.
Circulation:                                                                fragmentation of cytoplasm
· Normal count is 250,000.

· Normal life span 7 – 10 days.

· About 1 / 3 are trapped in the spleen.
Structure:
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· Mucopolysacch. Coat: glycoprotein content which are important for interaction of platelets with each other or aggregating agents.

· Alpha (α) granules:

· Dense core
Function:

Formation of mechanical plug during normal homeostatic response to vascular injury. The main steps involved are: adhesion, release, aggregation.

1-Platelets adhesion:

Adhesion of platelet to sub-endothelial collagen. Dependent on the VW factor (Von Willebrand part of fact VIII). Also dependent on glycoproteins. MCQ

Note:

· Glyco-proteins 1B, 2B, and 3A need VW factor to connect collagen; however, 1A glycoprotein does not because it has a direct connection with collagen.

· Deficiency in 1B, 2B, 3A lead to abnormal synthesis.
· Deficiency in 2B, 3A is the most common and lead to Glanzman disease                        disease "congenital".

· Deficiency in 1B lead to Bernard Soluier's "congenital too"
*Please check for the names of the diseases, sorry! And there is an MCQ about this part so concentrate.
2-Release (secretion):
Collagen exposure results in the release of granules contents (ADP, serotonin, and fibrinogen). Collagen and thrombin activate prostaglandin synthesis.

· membrane phospholipids ( arachidonic acid ( ( thromboxane A2 "in platelets"                                  cyclo-oxygenase     thrombpxane synthetase
Thromboxane A2: Potentiates aggregation and vasoconstrictor.
3-Aggregation:
 Release ADP + thromboxane A2 ( aggregation. This is followed by more secretion ( secondary aggregation ( platelet mass or plug.
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PLATELETS DISORDERS:


Platelet disorders are the most common cause of bleeding. The disorder could be decrease in number (thrombocytopenia) or defective function.
A-1- DECREASED PLATELETS NUMBER OR THROMBOCYTOPENIA: 

Loss of platelets from the circulation faster than the rate of their production by the bone marrow. So Thrombocytopenia is due to:

a. Failure of platelets production, most common cause. Megakaryocytes are decreased in the bone marrow e.g. drugs.

b. Increase rate of removal of platelets from the circulation.

i. Megakaryocytes are increased or normal in the bone marrow i.e. production is normal but platelets are destroyed e.g. by antibodies.

c. Combination of A&B.
Causes:
Congenital                                      Acquired

* Megakaryocytic hypoplasia.            * Immuno thrombocytopenia

* TAR Syndrome.                               * Thrombotic thrombocytopenic purpra                                          

                                                            * DIC 

                                                            * Drugs

                                                            * Infections                                  



                                   * Splenomegaly.


                                                           * Bone marrow suppression or infiltration                                        

                                                           * A plastic anemia
*Bone Marrow Suppression:

Due to effect of infections (viral) or toxins or due to replacement e.g. by malignancy e.g. leukemias, metastatic tumors, or due to fibrosis of the bone marrow e.g. due to irradiation 

*DIC:

 Due to consumption of platelets "more about it in next topics (".

*Drugs:

· Due to suppression e.g. phenylbutazone, Gold, Thiazide.

· Other mechanisms of action are immune, or by causing direct aggregation of platelets.

· May be accompanied by other sings e.g. fever, joint pain, rash, leucopenia.

*Aplastic Anemia: means shut down of the bone marrow
*Splenomegaly:

· Normally 1/3 of body platelets are in the spleen and 2/3 in the peripheral circulation.

· With spleen enlargement, up to 80 - 90% of body platelets will pool in the spleen ( decreased platelets in the peripheral circulation.

· This spleen enlargement could be due to many causes e.g. thalassemia, portal hypertension, gaucher's malaria, kalaazar, lymphomas, etc.

· Life span of the platelet is normal.
Other Causes: 
*Infection:

· Decreased platelets can be seen with many infections, e.g. intra–uterine infections: best examples are congenital syphilis, toxoplasmosis, rubella, cytomegalovirus (CMV), and herpes. Also seen with other infections e.g. influenza, chickenpox, rubella, infectious mononucleosis.

· The effect is due to suppression of bone marrow, immune mediated or due to DIC in fulminant infections.
Manifestations:
· Usually bleeding not significant until count is < 80,000.

· Presents as skin purpura, ecchymoses, mucosal membrane bleeding, and prolonged bleeding after trauma.

· If the Thrombocytopenia is severe, intracranial hemorrhage can be seen.
Investigations:
 In addition to history and examination, the following tests are required:

· Platelet count 

· Blood smear

· Bleeding time: To measure Platelet plug formation in vivo. Normal is 3 -8 min.

· Bone marrow examination.

· Aggregation studies: Detect aggregation using aggregation agents ADP, adrenaline, collagen, ristocetin.
A-2-IMMUNOTHROMBOCYTOPENAI (ITP): MCQ
Autoimmune disorder characterized by platelets bound antibodies.

Classification:

· Acute: usually in children, self limiting, and preceeded by infection usually viral.

· Chronic: usually in adults, more common in female.

Etiology: 
Idiopathic.
A- ACUTE  IMMUNOTHROMBOCYTOPENIA:

· Self limiting usually weeks.

· In children.

· Usually preceeded by viral infection.

· Bone marrow shows normal or increased megakaryocytes.

· Due to immune complexes bound to platelets. 

(Complex = viral antigen –antibody complex). These complexes are removed by the reticulo-endothelial system (RE system).

· 5-10% can go into chronic ITP.
· 90% recovered.

B- CHRONIC IMMUNOTHROMBOCYTOPENIA:

Pathogenesis: 

Autoimmune. Antibodies are formed against antigens on platelet surface.

Clinical:

· Usually adults, young female 15 -50 yrs.

· Insidious onset.

· Chronic: last months or years.

· No precipitating (cyclical) course with periods in which platelets number return to normal.

Manifestations: 

· Skin purpura, superficial bruising, epistaxis, and menorrhagia.

· Mucosal hemorrhage is seen in severe cases and intra – cranial hemorrhage is rare.

· Splenomegaly: 10% of cases
Pathogenesis of immunothrombocytopenia (ITP):

1. Platelets are sensitized with auto antibodies.
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Anti-platelets                        Platelets
Antibodies (usually IgG)
2. Premature removal of platelets from the circulation by macrophages of the RE system and destroyed mainly in the spleen.

Laboratory findings:

· Thrombocytopenia with giant forms. Count usually 10 -50,000.

· Bone marrow shows normal or increased megakaryocytes.
· Platelet bound IgG is +.
· Platelet survival studies show decreased life span.
B-DEFECTIVE PLATELET FUNCTION:

· A defect in function is suspected if there is prolonged bleeding time with or without skin or mucosal hemorrhage in the presence of normal platelet count.
Disorders:
Congenital                                     Acquired

- Glanzman disease                        - Drugs

- Bernard Soluier's                          -Uremia

- Storage granules defect                - Myeloproliferative disorders                                          
                                                        - Multiple myeloma
GLANZMAN'S DISEASE (THROMBASTHENIA):

· Autosomal recessive inheretence.

· Normal platelets count and appearance.

· No clumps are seen on peripheral blood film (i.e. no platelets clumps).

· Due to decreased surface membrane glycol-proteins 11b +11a ( failure of primary aggregation. MCQ
· Platelets do not aggregate with all aggregation agents but they aggregate with ristocetin. MCQ
· Bleeding time is prolonged.
MCQ: in prolong bleeding time, the first test we perform is platelet aggregating test.
ACQUIRED DISORDERS OF PLATELET FUNCTION:

Causes: 

· Drugs e.g. aspirin. Asprin is the best example which is the most common cause of acquired platelet function disorder. It irreversible affects the cyclooxygenase enzyme. The effect last 4 -7 days and it takes about 10 days before the platelets are replaced. Presents as increased bleeding time but purpura is unusual.

· Myeloproliferative disorder.
· Paraproteinemias e.g. multiple myeloma.
· Cardiopulmonary bypass.
· Autoimmune diseases e.g. SLE (Systemic Lupus Erythromatosis)
· Uremia (renal failure)
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COAGULATION
Tests for coagulation:

1. Prothrombin time (PT): 
- Tests the extrinsic & common pathways = Factors (VII) & (X, V, Prothrombin & fibrinogen).

- Normal = 10 - 14 sec.
- Test: 

Plasma + calcium + brain extract (thromboplastin).
Note:

· This test should proceed any surgery

· Any disorder in any factor cause prolonged PT.
2. Activated Partial Thromboplastin time (APTT) or (PTT):

· Tests intrinsic pathways (VIII, IX, XI, XII,) & common pathway (X, V, prothrombin, and fibrinogen).

· Normal = 30 - 40 sec.

· Test:

  Plasma + calcium + phosholipid + kaolin (activates contact factors)
Note:
· Any disorder in any factor cause prolonged APTT.

· Kaolin used to faster the test.
3. Thrombin time:

- Test for fibrinogen

- Normal =10 - 12 sec.


4. Specific factor assay:

· Function Assay:

· Based on PTT or PT

· Tests principle:

· Plasma deficient in suspected factor + patient plasma (A).

· Plasma deficient in suspected factor + normal plasma (B)

· The corrective effect of (A) is compared to (B) and the result is expressed as percentage of normal activity.

5. Immunological Assay:

 Available for some coagulation factors.
Note:
· Test 4 and 5 are not routine once but are specific.
Hereditary coagulation disorders:

     Hereditary deficiencies of coagulation factors are rare. However, the following disorders are more common:

· Hemophilia A (Factor VIII deficiency)

· Hemophilia B (Christma's disease) (Factor IX deficiency)

· Von will brand's disease.  
A- HEMOPHILIA A

     This is the most common hereditary disorder of blood coagulation.

Inheritance:

· X – linked

Defect:

· The absence or low level of factor VIII (clotting activity [VIII: C])
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Clinical features:                                                                                   MCQ
The clinical severity of the disease correlates well with the extent of factor deficiency.

· Sever (Factor level= <1% of normal):
· Profuse post – circumcision bleeding.

· Recurrent painful hemarthroses (I.e., bleeding into joints most commonly knees) with progressive joint deformity & crippling.

· Muscle hematomas.
· Prolonged bleeding after dental extraction.
· Hematuria

· Spontaneous intra-cerebral hemorrhage, uncommon.

· Moderate (Level of factor = <1 - 5% of normal): 

· Most post – traumatic bleeding. 

· Occasional spontaneous bleeding.
· Mild (Level of factor = < 5 - 20% of normal): 
· Post – traumatic bleeding.
· Spontaneous bleeding is rare.
Laboratory features:

· Abnormal 

· APTT : Prolonged MCQ
· Factor VIII – C: Decreased

· Normal 

· PT: normal MCQ
· Bleeding time: normal MCQ
Treatment:

· Principles of treatment:

· For spontaneous bleeding: bleeding is controlled if the level of factor VIII is raised to above 20%.

· For major surgery or serious post – traumatic bleeding: the level should be about 100%.

· Complication of treatment: 

· Disease transmission:

· HIV infection

· Hepatitis 

· Development of antibodies (inhibitors to factorVIII):

· Seen in 5-10% of patients

· The antibodies make the patients resistant to treatment & make him require larger doses.
B- VON WILLEBRAND'S DISEASE MCQ
Inheritance: 

Autosomal dominant.
Defect:

1. Reduced level of factor vWF (von Will brand's factor). This result in rapid loss of factor VIII: C and abnormal coagulation.
2.  Defective platelet – related activity of (Von Will brand's factor). This affect platelet's adherence to sub-endothelial collagen & platelet aggregation induced by ristocetin. Thus vW disease has two manifestations:

· Of low VIII C level

· Of low vW factor
Clinical features:

· Operative & post – traumatic bleeding.

· Mucous membrane bleeding e.g., epistaxes, menorrhagia. MCQ
· Hemarthroses & muscle hematomas are rare in contrast to hemophilia A.
Laboratory Features:

· Abnormal:

· Bleeding time: prolonged

· PTT: prolonged

· Factor Assay: low levels:

· VWF

· VIII C

· Platelet aggregation: defective with ristocetin. Normal with other reagents.

· Normal:

· PT

Treatment:

· Cryoprecipitate 

· Factor VIII concentrate  

· Desmopressin                                                 imp.
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DISSEMINATED INTRAVASCULAR COAGULATION (DIC):

Widespread intravascular deposition of fibrin with consumption of coagulation factors and platelets. This occurs as a consequence of many disorders which release pro-coagulant material into the circulation or cause widespread endothelial damage or platelet aggregation.

Forms of DIC:

· Chronic, less server course. 

· Fulminant hemorrhagic course.

Pathology:

· Deposition of fibrin in the microcirculation.
· Formation of large amounts of fibrin monomers.
· Increased fibrinolysis with release of fibrin split products (FSPs) or fibrin degradation products (FDPs).
· These FDPs interfere with fibrin polymerization, thus causing coagulation defect. MCQ
· Depletion of fibrinogen and other factors.
· Consumption of platelets.
Causes:
· Due to release of pro-coagulant material: e.g. in amniotic fluid embolism, premature separation of placenta, mucin secreting adenocarcinoma, M3 AML, falciparum malaria, hemolytic transfusion reaction, and snake bites.
· Widespread endothelial damage: e.g. gram negative septicemia, meningococcal septicemia.
· Widespread intravascular platelet aggregation: e.g. some bacterial or viral infections.

Laboratory Features:

· Platelet count: Decreased

· Fibrinogen level: Decreased

· FDPs: Increased
· PT: Prolonged
· PTT: Prolonged
· ( Thrombin time) TT: Prolonged 

· Blood film: Features of microangiopathic hemolytic anemia: there is fragmentation of RBCs when they passed through fibrous strands in small vessels.
MYELOPROLIFERATIVE DISORDERS:

Group of closely related disorders:

1. Polycythemia Rubra Vera

2. chronic Granulocytic leukemia

3. myelofibrosis

4. essential thrombocythemia

5. others
POLYCYTHEMIA

Definition: 

· Increased packed cell volume of RBCs (PCV) or (Hematocrit). 
I.E.  Male      > 55%  
        Female  > 47% 

· Polycythemia indicates increased red cell mass in the relation to plasma volume. 

Cause:
· Relative: the red cell mass is normal. But the plasma volume is decreased e.g. due to dehydration.
· Absolute: increased red cell mass (total red cell volume).
Primary                                    Secondary
        Polycythemia                                     Idiopathic


              Vera

Increased red cell volume 

due to endogenous 

proliferation.
a-Polycythemia Rubra Vera (primary):

Clinical features:

· More common in elderly males.
Presentation: "viscosity-stasis"
· Vascular:


- Intermittent claudication


- Cerebral ischemia 


- Cardiac ischemia

· Hemorrhage:

· Gastrointestinal

· Cerebral hemorrhage

· Plethora "امتلاء دموي":

· Red pace 

· Conjunctival congestion

· Pruritis:

· Increase with warm environment e.g. hot bath.

· Iron deficiency anemia: Due to bleeding.

· Peptic Ulcer

· Splenomegaly

· Gout

· Hypertension

Laboratory Features:

1. Blood parameters:

a. hemoglobin:


Male       > 17.5g

            Female   > 15. 5g


b. packed cell volume (PCV):

 

(Hematocrit)  Male      > 55%




           Female  > 47%


c. RBC Count:



Male      > 6 × 10 /1

Female  > 5.5 × 10 /1

d. WBC Count: increase

e. Platelets: increase and defected in function.
2. Total red cell mass: increase


  Female  > 36 ml / kg



  Male      > 32ml / kg

3. Arterial Q2 saturation: Normal. 
This is important to differentiate P.R.V from secondary polycythemia due to hypoxia.

4. Neutrophil Alkaline Phosphatase (Nap score): increase
5. Serum Uric Acid: increase

6. Erythropoietin hormone Level: Normal or decrease. 
This is important to differentiate from polycythemia secondary to inappropriate erythropoietin e.g. in tumors.

7. Blood Viscosity: increase
8. Bone Marrow

- Hyper cellular with increased erythropoiesis.

- Absent iron stores.

9. Serum B12 level: increase
Complication:

1. Thrombosis and hemorrhage.
2. Myelofibrosis :30% of cases

3.  Acute leukemia, usually AML type: 15% of cases.
b-Secondary Polycythemia:
Due to:
1. Idiopathic: 

Not increase in erythropoietin, but not enough features to be P.R.V.

2. Increased erythropoietin: 
a. Compensatory: Due to hypoxia, lung disease, cardiac disease, high altitudes, smoking, or high affinity hemoglobin.

b. Inappropriate: In tumors e.g. hepatocellular carcinoma, cerebelar hemangioma, uterine fibroids.

c. Renal Disease: Renal artery stenosis, renal carcinoma, renal cysts.
CHRONIC GRANULOCYTIC LEUKEMIA (CGL) = CHRONIC MYELOCYTIC LEUKEMIA (CML)

Characterized by increase in body granulocytes.

Clinical Features: 

Seen in young and middle age.

1. Weight loss, anorexia, pallor, dyspnea, lethargy.
2. Splenomegaly

3. Bleeding

4. Gout.

5. Accidental finding on routine examination.
Laboratory Features:

1. Peripheral Blood: 

· Leukocytosis (50,000 -300,000).

· Deferential count of WBC shows mature and immature forms. Most of the cells are neutrophils "segmented" and myelocytes.

· Increased eosinophils and basophils.

· Increased platelets

· Anemia

2. Neutrophil Alkaline Phoshpatase (NAP): decreased
Important of differentiate CML from a leukemoid reaction which shows increase (NAP) score.

3. Serum B12 and B12 binding capacity: increased
4. Bone marrow Examination: Hyper cellular with increase granulocytic proliferation.

5. Philadelphia  chromosome:


-  Positive in 90 – 95 cases CML 


- Due to reciprocal translocation involving chromosome 9 and chromosome22

- Associated with good prognosis.

6. C-abl Oncogene: Cellular oncogene.


- This oncogne translocated from chromosome 9 to chromosome 22.


- It forms chimerical gene with the BCR "B cell receptor" on 22.

- This gene codes for a chimerical m- RNA ( formation of an abnormal chimerical protein.

ACUTE LEUKEMIAS


OUTLINE OF LECTURE

· Acute Laukemias:

· Definition

· Classification of leukemia: 

· Acute 

· chronic

· Classification of acute Leukemia:

· Acute lymphoblastic leukemia (All)

· Acute myeloblastic leukemia (AML) (non lymphoblastic)

· Differentiation between ALL and AML.

· Etiology of acute leukemia.

     Malignancies of immature hematopoietic cells. Leukemias arise "de novo"i.e. with no pre – existing disease or it may be a complication or a terminal event in a pre – existing condition, e.g. myeloproliferative disorders.
Classification:

Acute: the course of the disease is rapid if untreated, the course is in weeks.

Chronic: If untreated, the course is usually in months or years, e.g. chronic myelogenous leukemia (discussed in lecture # 9 – myeloproliferative)

e.g. chronic lymphocytic leukemia (lecture 10, lympho – proliferative disorders).

Etiology:   

Factors associated with development of acute leukemia. 
1. Environment: e.g. ionizing radiation.

     There is an increased incidence of leukemia in survivors of the atomic bombs in Japan. Also, there is a higher incidence in patients treated with radiation e.g. ankylosing Spondylits "inflammation of the spinal cord" and in children whose mothers received radiation in pregnancy.

2. Chemicals: 

     Best example is Alkylating agents which are used to treat malignant neoplasms.  

3. Preleukemia States: 

     Examples are Down's syndrome, Bloom's Syndrome" have high risk in developing leukemia", Polycythemia rubra vera, Myelofibrosis, Paroxysmal nocturnal hemoglobinuria "no high risk", Myelodysplastic syndromes.

4. Infections: 

Viral best example:

· EB virus: in Burkitt's lymphoma. 

T cell leukemia/lymphoma virus: An HTLV virus "Human T Lymphocyte Leukemia", Rare, common in Japan and the Caribbean.

Clinical Features

· Bone marrow replacement. 

· Tissue infiltration.
Bone marrow replacement:
· Anemia: presenting as pallor, lethargy, and dyspnea.
· Bleeding: usually purpura, due to decreased platelets, less commonly internal bleeding.

· Infection: present as fever, mouth ulcers, pharyngeal ulcers, pneumonia, septicemia, skin infection.

Tissue involvement:
· Liver and spleen: 
· Hepatomegaly.

· Splenomegaly.
· Bone:    

· Bone pain "common in children"
· Usually in A.L.L.

· Lytic lesions on X – ray. Lytic lesion means loss of bone architecture.
· Lymph nodes: 
· Lymphadenopathy "enlargement of lymph nodes".

· Meninges: 
· Usually in ALL

· Presents as meningeal.

· Signs: headache, nausea, vomiting.

· Common site of relapse.

· Testicular: 

· Usually in ALL
· Site of relapse.

· Skin and Gum:  
· Usually in AML.

· M4 M5 types (monocytic). 
Note:

· Sites of relapse are:

· Bone marrow.

· Meninges                          Due to presence of barrier. 

· testis
Laboratory Findings

· Peripheral Blood:

· WBC increased, decreased or normal.
· Anemia.
· Decreased platelets.
· Bone marrow:

· Increased blasts  > 20% of cells "thickening of the bone marrow".
Note:

· Normally, less than 5% of bone marrow is blasts. < 20% means pre-leukemia and > 20% indicates leukemia.
Classification of acute leukemia:

· Acute lymphoblast leukemia (ALL).

· Acute myeloblastic – Non Lymphoblastic –leukemia (AML).
Ways to differentiate:
· Morphology.

· Cytochemistry.

· Immunological markers (Immunophenotyping)
· Molecular
Morphological:
                                          AML                          ALL

Cytoplasm                         more                               less

 Size                         larger                          smaller

Azurophilic granules         +                                  -   

Nucleoli                         larger / more          smaller / less

* Auer Rods                      +                                  -

Note:

· Auer Rods is a needle like structure of accumulated granules fond in AML but not ALL.
Cytochemical stains of blasts:

Stain                               AML                         ALL 

*Sudan black or                +                               + 

perioxidase 

"specific"
*PAS "could                       -                                +
Be (+) in both- not specific"

Immunologic:

Tdt: terminal deoxynucleotide transferase. + In the blast of lymphoblastic leukemia.
Monoclonal Antibodies:

· Myeloid markers: e.g.CD13, CD33.

· T-cell lymphoblasts: e.g. CD3
· B cell lymphoblasts: e.g.CD19.

· Common ALL lymphoblasts: CALLA (CD 10).
A-ACUTE LYMPHOBLASTIC LEUKEMIA

· Usually seen in childhood, most common 4 -5 years.

· A second peak is seen in middle age and elderly.
 Classification:

· Morphologic: (FAB- French American British).

· Immunologic ( immunophenotypic): "molecular-cytological" 
*Morphologic: FAB classification: 

Based on blasts morphology: L1, L2, and L3.

	
	L1

	L2
	L3

	-Frequency in children.

-In adults
	80%

50%
	20%

50%
	3% of all

	Morphology
	-Homogenous

-Small size

-Little cytoplasm

-Nucleoli:

not prominent
	-Heterogeneous

-Variable some blasts are large while others are small

-More cytoplasm
	-Vacuolated cytoplasm

-Basophilic (burkitt cell type)


*Immunological Classification:

1. Common All (CALL) CD10
· Most common type (65%) of all cases

· Associated with the CALL antigen (CALLA).

· Associated with good prognosis.

· Staining with PAS show block positivity.

2. B ALL:

· Rare only 3% of cases.

· Poor prognosis.

· Associated with L3 morphology.

· Show B cell antigens e.g. Sig (Surface immunoglobulin).
3. T ALL:

· 10 -20% of cases.

· Associated with:

· Older age group.
· More common in boys.

· Mediastinal mass.

· Paranuclear block positivity for acid phosphatase stain.

· (+) for T cell antigens e.g. Erosette. "CD3"
· High incidence of CNS relapse and high WBC presentation.
	Parameter
	Good
	Poor

	WBC
	<20.000
	>20.000

	Sex
	Female
	Male

	Age
	2-10 years
	<2 or > 10

	Morphologic type
	L1
	L3

	Immunophenotype
	Common ALL
	B

	Chromosomal
	Hyperdiploidy
(Increase no, of chromosomes)
	8:14
(translocation)

	Other
	Remission in 4 weeks.
	CNS involvement (central nervous system).


B-ACUTE MYELOBLASTIC LEUKEMIAS 

*Morphologic (FAB):

Mo: Myloblastic with No differentiation.

M1: Myeloblastic with poor differentiation

M2: Myeloblastic with differentiation.

M3: Promyelocytic.

M4: Myelomonocytic.

M5: Monocytic.

M6: Ertholeukemia.

M7: Megakaryoblastic.
LYMPHOPROLIFERATIVE DISORDERS

Disease characterized by increased lymphocyte mass or "lymphocytosis".

LYMPHOCYTOSIS: 

lymphocyte count exceeding 4 x10 / (4000 /ul). The normal count is usually higher in childhood.
Cause:

1. Benign: 
i. Acute infections: Usually viral e.g. infectious mononucleosis, mumps, rubella in bacterial e.g. pertussis.
ii. Chronic infections: e.g. tuberculosis, syphilis. 

2. Malignant: e.g. chronic lymphocytic leukemia.
INFECTIOUS MONONUCLEOSIS

Etiology: 
     Infection with Epstein – Barr (EB) virus, (a virus from the herpes group of viruses).
Pathogenesis: 

1. EB virus enters into epithelial cells of oropharynx or into B lymphocytes of Waldeyers' ring.

2. B-lymphocytes proliferation.

3. T-lymphocytes proliferation and T-lymphocytes will appear in the peripheral blood as atypical lymphocytes.

4. T-lymphocytes are of the cytotoxic type. They will attack the B-lymphocytes causing severe pharyngitis.

5. Involvement of other lymphoid tissues.

6. Viremia.

Clinical Features:
· Incubation period 5 - 8 weeks.

· More common in females.

· Usually in young patients 15 - 25 years.

Features:

1. Fever.

2. Pharyngitis, follicular tonsillitis (sore throat).

3. Lymphadenopathy: usually cervical, but can be generalized.

4. Splenomegaly: in about 50%.

5. Hepatomegaly.

6. Rash.

7. Bleeding: in severe cases.

8. Tachycardia and ECG abnormalities.

9. CNS symptoms e.g. convulsion, rare.

10. Eye symptoms: photophobia, conjunctivitis.
11. Acute abdomen: acute abdominal pain due to involvement of mesenteric lymph nodes.

Laboratory Finding:
1. Leukocytosis with lymphocytosis: WBC usually 10 - 20,000/ul with lymphocytes forming >50 %. *Atypical lymphocytes are seen.

2. Anemia: can be due to cold autoimmune hemolytic anemia.

3. Thrombocytopenia:  Autoimmune.

4. Liver enzymes: increase due to hepatitis.

5. Serological tests (antibodies): Types of antibodies seen in infectious mononucleosis are:

A. EB virus specific.

B. Heterophile.

C. Autoimmune.
A. Virus specific antibodies: "not included"
1. IgM: Develop early in the disease and lasts for few months.

2. IgG : 

a. One type against capsid antigen (VCA). Appears early in the acute phase and used to diagnose new infections.

b. Against nuclear antigen (EBNA). Develops after the acute phase and persists for life. Usually indicated old infection.                                    

  B. Heterophile antibodies:


Antibodies that are produced as a result of the infection but react with an antigen different from the causative agent.

*Paul Bunnel Test:

· To detect Antibodies that can agglutinate sheep red cells.

· Can also be positive in other diseases e.g. serum sickness or leukemia           (Forsemann antibody). To differentiate it from IM (Infectious mono). Guinea pig kidney cells are used. Forsemann antibodies react with the kidney cells. IM antibodies do not.

*Monospot test:

· Replaced the Paul Bunnel test.

· Serum mixed with guinea pig kidney cells and then with horse RBCs.

C. Autoimmune antibodies:
1. Autoimmune cold hemolytic anemia.

2. Immune thrombocytopenia.

Differential diagnosis: "not included"
A similar clinical syndrome and atypical lymphocytes can be seen in other disease e.g. toxoplasmosis and cytomegalovirus. However, these can be differentiated by serology. (IM) is (+) while these diseases are (-).
Course and Prognosis:

· Most patients recover in 4 - 6 weeks.

· Unusual complications are hepatitis, encephalitis, hepatic failure, glottic edema and splenic rupture.
CHRONIC LYMPHOCYTIC LEUKEMIA


Neoplastic proliferation of mature lymphocytes usually B-lymphocytes. Usually seen in the elderly. More common in the west and more common in males. Account for about 25% of all leukemias.

Clinical features: MCQ
1. Accidental: about 25% of cases are diagnosed on routine blood exams.

2. Pallor:  Due to anemia.

3. Lymphadenopathy.

4. Splenomegaly.

5. Hepatomegaly.

6. Bruising and purpura: due to thrombocytopenia.

7. Herpes Zoster and simplex infection.

8. Pruritis.

9. Skin infiltration.

10. Depressed immunity, both cellular and humeral.

Laboratory features:

1. Lymphocytosis: > 5,000/ul is required for diagnosis the lymphocytes are mature, small round lymphocytes. Another feature seen on peripheral blood is smudge "مكسرة" (smear) cells.

2. Anemia: can be due to:

a. Warm autoimmune hemolytic anemia (seen in 10% of cases).

b. Bone marrow failure (indicates poor Prognosis).

3. Thrombocytopenia: can be due to:

a. Autoimmune (seen in 5 % of cases).

b. Bone Marrow failure (indicates poor prognosis).
4. Bone marrow and Lymph node: infiltration by mature lymphocytes.
5. Immunoglobulins:
· Monoclonal band on serum protein electrophoresis.

· Immunoglobulin levels.

6. Uric Acid: increased 

Prognosis: 

Related to:

1. Stage:

2. Age: worse if  > 70 years.

3. WBC: worse if  > 50 years.

4. Pattern of bone marrow involvement:  diffuse involvement.

Staging Systems:

· RAI system: 5 stages "not included"
· 0: Lymphocytosis

· I: Lymphocytosis + Lymphadenopathy

· II: Lymphocytosis + Splenomegaly +/ or Hepatomegaly + or -  Lymphedenopathy.

· IV: lymphocytosis + Anemia (not autoimmune) + or - Lymphadenopathy.

· IV: Lymphocytosis + thro mbocytopenia (not autoimmune) + or - Lymphadenopathy.

· International system:

· Stage A. lymphocytosis + < 3 areas of nodal involvement (nodal includes liver, spleen and lymph nodes).

· Stage B. 3 or more nodal areas involvement.

· Stage C. Anemia + or thrombocytopenia
Course and prognosis: "not included"
1. Stage O or may remin stable for many years and they may not require treatment.

2.  Advances stages may terminate in marrow failure with consequent infection or in a high grade type of lymphoma ( Rechter's syndrome).
Finally ma b'3aina q1

Good Luck 
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