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Anemia is defined as a reduction in the hemoglobin
(Hb) concentration below the normal range
for the age and gender of the patient with a resultant
decrease in total oxygen carrying capacity of blood.
Clinical features
Symptoms and signs of anemia include: tiredness,
lassitude, easy fatiguability, pallor, dyspnea on exertion
and congestive heart failure in severe cases.
Causes
1. Blood loss: acute or chronic.
2. Deficiency of Hematinics: Iron, Vitamin B12,
Folic acid, Vitamin C, etc
3. Hemolysis:
Membrane defects e.g. spherocytosis, elliptocytosis.
Hemoglobin synthesis defects e.g. thalassemias,
sickle cell anemia.
Enzyme defects e.g. G6PD deficiency, pyruvate
kinase deficiency.
Extrinsic RBCs damage e.g. hypersplenism,
immunological causes, mechanical causes,
chemical causes, parasitic infestation
(malaria).
4. Bone marrow failure: aplastic anemia or bone
marrow infiltration
5. Anemia of chronic disorder (ACD).
6. Increased plasma volume: dilutional anemia in
Pregnancy (physiological) or Splenomegaly
(pathological)
Three main types of anemia are recognized on the
basis of MCV
Total body iron content of normal adult varies
from 3 to 5 g depending on gender and weight, distributed
as follow:
A. Hemoglobin iron: (2.5 g): 60-70% of the total
body iron.
B. Tissue iron
Available (storage iron) (1.0 g): Mainly in the cells
of reticuloendothelial system in two forms, ferrtin
and hemosiderin. Hemosiderin is more stable and
less readily mobilized for Hb formation
Non available iron (0.5 g): Iron in muscle
(myoglobin) and certain enzymes (e.g. cytochrome
and peroxidase)
C. Plasma iron (transferrin) (3 – 4 mg): Bound to
transferrin (plasma protein synthesized in the liver)
Serum ferritin concentration is reflecting body
iron stores.
RR in adult males‘ 15 – 300 μg/L and in adult
females‘ 15 – 200 μg/L.
In IDA, ferritin concentration is decreased.
In iron overload, levels are usually high.
In special situations e.g. inflammation, some malignancies
and chronic liver diseases, serum ferritin
may be normal or high, even when marrow iron is
absent because ferritin is an acute phase reactant.
Absorption of iron
Normal adult iron intake varies from 1 – 2 mg per
day. Dietary sources are meat, egg yolk, green vegetables
and fruits. Iron is present in diet as ferric ions
(oxidized form) which must be reduced by HCL of
Renal diseases; but the pathogenesis is different
Neoplasia
Anemia is typically N/N; however, microcytosis
and hypochromia may occur; MCV rarely falls below
70fl
1. The distinction from iron deficiency is based on:
2. Clinical findings of an underlying cause
3. MCV is normal or slightly decreased
4. Serum iron is low
5. TIBC is low
6. Transferrin saturation is low
7. Serum ferritin is high ―acute phase reactant‖
8. Marrow iron is increased
9. Normal serum TfR level
Sideroblastic anemia is due to failure of iron incorporation
into heme within the erythroblast as a
result of metabolic defect with production of an abnormal
erythroblasts containing perinuclear ring of
iron granules (ringed sideroblast). The anemia is rather
dimorphic and BM shows dyserythropoiesis and
ringed sideroblasts.
Sideroblastic anemia may be:
A. Hereditary: due to hereditary enzymatic defects.
B. Acquired:
Primary acquired: as a category of the premalignant
MDS.
Secondary acquired:
Chronic alcoholism.
Drugs (antituberculous).
Lead poisoning.
Myeloproliferative disorders.
Characteristics:
S. iron is increased.
TIBC is normal or decreased.
Transferrin saturation is normal or increased.
S. ferritin is increased.
BM iron is normal or increased.
Idiopathic Hemochromatosis
Genetically determined rare disorder of iron metabolism
Characterized by excessive iron absorption and
parenchymatous iron deposition with tissue damage
(liver, pancreas, heart, kidney, endocrines, BM
and nervous system)
Serum iron level is raised; Transferrin saturation is
increased
BM trephine or Liver biopsy is the diagnostic test
Treated by repeated venesection and iron chelating
agents
Hemosiderosis
Hemosiderosis includes all cases of excessive iron
deposition except idiopathic hemochromatosis.
Causes
1. Repeated blood transfusion.
2. Excessive parenteral iron medication.
3. Thalassemia
4. Chronic Liver diseases.
5. Idiopathic pulmonary hemosiderosis (local).
6. Treated by iron chelating agents.
Macrocytic anemia is defined as an anemia in
which the MCV is increased. It is classified into:
(A) Macrocytic Megalobastic Anemias: associated
with megalobastic erthyropoiesis due to deficiency of
either B12 or folate.
(B) Macrocytic Non-Megaloblastic Anemias;
associated with normoblastic erythropoiesis and occur
with a number of well defined disorders.
Megaloblast ic BM + PB Oval Macrocytes
(+pancytopenia)
Megaloblastic anemia is characterized by the presence
of morphologically abnormal erythroblasts
(called megaloblasts) in the BM due to impaired
DNA synthesis resulting in asynchrony of maturation
of nucleus and cytoplasm of the erythroblasts precursors
(Megaloblastic BM).
Megaloblasts are abnormal in morphology and
function; many of them die in the BM or having a
short life span in peripheral circulation (Ineffective
Erythropoiesis) and result into formation of abnormal
mature RBCs oval macrocytes.
Vitamin B12 deficiency
Folate deficiency
CBC: pancytopenia
Oval macrocytic RBCs and considerable anisocytosis
and poikilocytosis; MCV (usually > 110 fl)
Neutropenia with giant metamyelocytes and stabs
and hypersegmented neutophils).
Mild thrombocytopenia.
BM Aspirate Exam: megaloblastic BM
Megaloblastic maturation of red cell precursors
(erythroblasts: large in size and maturation of the
nucleus lags behind that of cytoplasm).
Biochemical findings: Low B12 and/or folate.
Therapeutic test: The reticulocyte response
peaks about 5-7 days after therapy and Hb rises by
about 1 g/week after the first week.
The daily requirements of B12 are about 1-3 μg.
B12 is obtained from foods mainly of animal
origin e.g. kidney and liver.
Adult daily loss (mainly in urine and faeces) is
between 1-3 ug (about 0.1% of body stores).
The body stores of vitamin B12 (in the liver), are
from 2-3 mg. This is sufficient for 3-4 years if supplies
are completely cut off.
Absorption of B12 occurs in the terminal ileum
and is dependent on an intrinsic factor secreted by
the parietal cells of gastric mucosa.
Vitamin B12 in plasma is transported by a carrier
protein called transcobalamin ll.
(1) Malabsorption:
Pernicious anemia.
Total and partial gastrectomy.
Intestinal causes: e.g. stagnant loop syndrome,
Tropical sprue and coeliac disease.
Infestation with fish tapeworm (Diphyllobothrium
latum).
(2) Inadequate dietary intake: very rare, only in
vegetarians.
Picture of megaloblastic anemia.
Therapeutic trials: lMI of B12 causes reticulocytosis
on 3rd day with a peak on 7th day of therapy.
Low Serum B12 assay (normal level 160-760 ng/
L); measured by chemiluminsence technique
Pernicious anemia is a specific autoimmune disorder
of the stomach with failure to produce intrinsic
factor (lF) and inability to absorb vitamin B12.
1. Lethargy, malaise and dyspnea
2. Diarrhea
3. Glossitis
4. Mild jaundice
5. CNS symptoms (peripheral neuritis, subacute
combined degeneration of spinal cord)
CBC and BM:
Megaloblastic BM; Pancytopenia, Oval Macrocytes
Biochemical tests:
Serum bilirubin and LDH enzyme: slight increase
due to intramedullary destruction of erythroblasts.
Serum B12 level is reduced.
Gastric function test:
This reveals the presence of achlorhydria even
after injection of pentagastrin or histamine.
Serum autoantibodies:
Autoantibodies against intrinsic factor or parietal cells
could be detected in the serum of patients.
Initial treatment: 1000 μg hydroxocobalamin
(B12) IM every 2-3 weeks for 2-3 months. Maintenance
therapy: 1000 μg hydroxocobalamin IM every 2
months for the rest of life.
N.B: PA should not be treated with folic acid. This is
because folic acid during its own metabolism consumes B12
thus aggrevates the B12 deficiency and increases the neurological
manifestations.
Metabolism of folic acid
Sources in the diet include: liver, kidney and fresh
green leafy vegetables.
The minimum daily requirement is 100-200 ug.
Folate is essential for formation of an important
coenzyme known as tetrahydrofolate which is essential
for DNA synthesis.
Body stores are relatively small and evidence of
depletion appears within 4 months of cessation of
intake.
Causes
1. Antifolate Drugs e.g. anticonvulsants; chemotherapy.
2. Excess utilization or loss: as in pregnancy, hemolytic
anemia and myelo-proliferative disorders.
3. Dietary deficiency: this may arise from an absolute
deficiency of vegetables and fruits.
4. Malabsorption: coeliac disease, tropical sprue,
Crohn's disease.
Diagnosis
CBC and BM: Megaloblastic BM; Pancytopenia,
Oval Macrocytes.
RBCs‘ folate level is decreased (RR 145- 450 μg/
L) and it reflects folate status more accurately than
serum levels (normal 3-20 μg/L); measured by
chemiluminsence technique.
Treatment
Oral folic acid 5 mg/ daily; It is essential to exclude
B12 deficiency before giving folic acid to prevent
aggravation of the neurological manifestations.
Macrocytic by: high MCV (over 100 fl) and by
macrocytes in peripheral blood.
The first thing to be done is BM examination
this will be either :
I. If Megaloblastic BM
1. See if due to B12, folate deficiency or both. This is
done by estimation of serum and red cell folate
and serum B12.
2. If it is b12 deficiency, see if it is PA or not. This is
done by gastric analysis, Schilling test, serum IF
Ab or gastric biopsy.
3. If it is not PA, look for other causes of B12 deficiency,
as gastrectomy small intestinal lesions
(diverticulosis, regional ileitis), D. Latum...
4. If it is folate deficiency, see if it is malabsorption
syndrome. Faecal fat estimation, D-Xylose test,
Schilling test, and Jejunal biopsy can make this.
5. If not, look for other causes of folate deficiency:
as nutritional, drugs, pregnancy, other causes of
increased demands.
II. If Normoblastic BM
1. Look for the following causes:
2. Causes of reticulocytosis; (producing round macrocytes
with bluish tint) most important are haemolytic
anemia and after haemorrhage.
3. Causes of thin macrocytes: RBCs that are thinner
than normal, of normal volume but their diameter
is increased. They are present in liver diseases,
obstructive jaundice and after splenectomy.
4. Causes of occasional macrocytosis of obscure mechanism as
in:
Aplastic Anemia.
Chronic alcoholism.
Chronic liver diseases.
Leukaemia.
Anemia due to BM infiltration (myelosclerosis,
bone Secondaries, multiple myeloma, malignant
lymphoma).
Myxoedema.
Scurvy.
1. Anemia is a symptom of the disorder, its occurrence
and its degree is related to the severity of
the disorder.
2. Usually normocytic normochromic, occasionally
macrocytic, sometimes hypochromic or microcytic.
3. Anemia responds only to correction of the causative
disorder.
1. Acute blood loss
2. Depression of BM by:
a. Aplastic Anemia.
b. ACD.
c. Uremia.
d. Liver diseases.
e. Collagen diseases
f. Scurvy.
g. Anemia of protein deficiency.
h. Myxoedema, Addison‘s, hypo-pituitarism.
3. BM replacement anemia: Leukemia, malignant
lymphoma, multiple myeloma, myelosclerosis and
bone secondaries.
4. Hemolytic anemias
5. Hypersplenism.
6. Physiological anemia of pregnancy.
AA is characterized by peripheral blood pancytopenia
(reduction in the number of RBCs, neutrophils
and platelets) and Hypoplastic BM.
Idiopathic AA: account for approximately one
half of all cases.
Drugs and toxins: drug induced bone marrow
aplasia may occur by either a dose dependent or
an idiosyncratic mechnaism e.g. Chloramphenicol
is by far the most implicated drug; Phenyl butazone;
Sulfonamides and anticonvulsants are also
associated. Chronic exposure to chemicals like
benzene and several insecticides may be associated
with the development of AA.
Chronic exposure to radiation.
Infections: particularly viral hepatitis.
Myelodysplastic Syndrome (MDS).
Paroxysmal Nocturnal Hemoglobinuria (PNH),
about 25% of patients with PNH develop AA.
Marrow hypoplasia is considered as a consequence
of damage to the multipotent hemopoietic stem cells.
Lassitude, weakness and shroteness of breath due
to anemia.
Hemorrhagic manifestations due to thrombocytopenia
(epistaxis, bleeding from gums, or other
more serious hemorrhages).
Fever and recurrent infections as a consequence
of neutropenia.
1. CBC
Pancytopenia
Serum iron and saturation% are increased.
2. BM aspiration or trephine biopsy
Hypocellular with predominance of fat cells.
Predominance of lymphocytes, plasma cells and
occasional residual granulocytic, erythroid or
megakaryocytic elements.
BM Iron stores are usually increased.
with other causes of pancytopenia:
BM infiltration: subleukemic leukemia, myeloma,
carcinoma, acute myelofibrosis and lipoid storage
diseases.
Megaloblastic Anemia.
Hypersplenism.
Overwhelming infection.
SLE.
PNH.
MDS.
Removal of the associated factor, e.g., withdrawal
of the causal drug.
Androgens: may increase erythropoietin production
and stimulate proliferation of erythroid and
granulocytic progenitors.
Blood product replacement: (packed RBCs, platelet
transfusion).
BM transplantation: this is the treatment of choice
for patients under 40 years with severe AA if compatible
donor is available.
Anti-thymocyte globulin: (eliminates the activated
suppressor T-cell population).
Hemolytic anemia is defined as an anemia due to
accelerated destruction of RBCs (normal RBCs life
span 120 + 30 days) with normal and responsive BM.
Destruction of RBCs may take place intravascularly,
extravascularly or in both sites.
A- Extravascular hemolysis
I – Evidence of increased RBCs destruction
Blood film: Marked anisopoikilocytosis, red cell
f r a gment a t ion and pol y chroma t i c c e l l s
(reticulocytes).
Hyperbilirubinemia: Bilirubin is unconjugated
(indirect) and bound to albumin and thus can not
pass through the glomerular membrane and does
not appear in urine.
Increased urinary urobilinogen.
Reduced plasma haptoglobins: Plasma Hb is normally
bound to plasma haptoglobin and the complex
is rapidly cleared by the reticuloendothelial
system (RES).
Raised plasma lactate dehydrogenase (LDH).
Shortened red cell survival.
Serum iron and ferritin may increase.
II - Evidence of increased RBCs production
Reticulocytosis: In normal adult, the reticulocyte
count varies from 0.2-2%. Its increase indicates
increased erythropoietic activity (polychromasia in
peripheral blood film).
Normoblastemia.
Polychromatic macrocytosis (high MCV).
Bone marrow erythroid hyperplasia.
Extramedullary hemopoiesis may develop in the
liver and the spleen.
B- Intravascular hemolysis
In some hemolytic anemias, the RBCs are lysed
within the blood stream with release of Hb in plasma
followed by its release in urine once the renal threshold
is exceeded.
Evidence of intravascular hemolysis
Plasma haptoglobin is decreased.
Hemoglobinemia and hemoglobinuria.
Methemalbuminemia: Brown plasma due to binding
of hem to the plasma albumin when the haptoglobin
binding capacity is exceeded.
Hemosiderinuria: Iron resulting from the breakdown
of Hb in the renal tubular cells is stored as
hemosiderin and may be excreted in urine.
A. Inherited Hemolytic Anemia (Congenital)
Congenital hemolytic anemias are classified into
three groups according to:
(1) Membrane defect.
(2) Enzyme defect (Enzymopathies).
(3) Hb defect (Hemoglobinopathies).
Condition Diagnostic Test
Mismatched blood
transfusion
G6PD deficiency
PNH
Autoimmune hemolytic
anemia
Septicemia
Black water fever
Repeat cross match,
Coomb's test
Assay for the enzyme
Ham's test
Coomb's test
CBC
PBS Exam for malaria
(1) Hereditary hemolytic anemia due to RBCs’
membrane defect
1- Hereditary spherocytosis (H.S.)
The basic defect is reduction in spectrin content
(membrane protein) of erythrocyte causing the older
RBCs to become microspherocytes. Spherocytes are
less deformable than normal RBCs and are then
trapped in the splenic sinusoids and engulfed by the
splenic macrophages.
The disease is inherited as an autosomal dominant
character.
Clinical Features
Anemia.
Jaundice ―hemolytic type‖ is a constant feature.
Splenomegaly in most cases.
N.B: in about one third of patients, the hemolysis
is well compensated and the Hb may be within
the normal range.
Lab Findings
Stained blood film: RBCs appear spherocytic
(hyperchromic with absence of central pallor and
reduced diameter).
Reticulocytosis.
Increased osmotic fragility of the RBCs (they have
reduced ability to swell and rupture when placed
in hypotonic saline).
Raised plasma indirect bilirubin and fecal and
urinary urobilinogen.
Negative antiglobulin test (Coomb's test): this
excludes spherocytosis due to autoimmune hemolytic
anemia.
Shortened red cell life span.
Complications
Crises
Hemolytic: due to accelerated hemolysis
Aplastic: due to temporary failure of RBCs‘
production by BM
Megaloblastic anemia: due to associated folate
deficiency.
Pigment gall stones.
Leg ulcers: due to inadequate perfusion of the skin
due to decreased RBCs deformability.
Treatment:
Splenectomy
Indicated in moderate to severe cases and should
be delayed after the age of 5 to 10 years whenever
possible to avoid fatal infections (particularly with
pneumococci or meningococci). Splenectomy results
in rise in the Hb level, the disappearance of jaundice
and an increase of the red cell life span, however,
spherocytosis persists.
2- Hereditary elliptocytosis and Ovalocytosis
Autosomal dominant inheritance.
25-90% of the RBCs are oval, elliptical or rod
shaped.
Only homozygous patients are anemic.
3- Hereditary Stomatocytosis
This is a disorder of RBCs morphology where the
centre of the biconcave disc appears as elongated silt
resembling a mouth leading to their destruction in the
spleen.
4- Acanthocytosis
RBCs show spikes and are mainly associated with
abeta-lipoproteinemia. Acquired acanthocytosis is
also seen with severe hepatic diseases.
(2) Hereditary hemolytic anemia due to RBCs’
enzyme deficiencies
1– G-6PD deficiency
The defect ive gene is present on the Xchromosome,
and thus the clinical features are mainly
seen in males (XY).
Homozygous females (X X) may also be affected
but uncommon.
In heterozygous females (XX), the normal X –
chromosome maintain sufficient .G6PD activity.
Low activity of G6PD results in low concentration
of the reducing compounds, reduced nicotinamide
adenine dinucleotide phosphate (NADPH)
and reduced glutathione (GSH) which are essential
to counterbalance oxidant agents and maintain Hb
in a reduced and active form.
Clinical syndromes associated with G6PD deficiency
Acute Hemolytic Anemia
Episodes of hemolytic anemia develop during
infections or following exposure to oxidant drugs
(anti-malarial, sulfonamides and nitrofurantoin) and
chemicals. Ingestion of the drug is followed rapidly
by intravascular hemolysis with fever, malaise, prostration
and passage of dark urine.
Favism
An acute hemolytic anemia following ingestion of
broad bean and often associated with hemoglobinuria
Neonatal jaundice
May occur up to 3rd week of life and may lead to
kernicterus.
Chronic Hemolytic Anemia
The hemolysis here may be exacerbated by drugs
or intercurrent infection
Lab Findings
During the hemolytic phase, the RBCs show polychromasia
and Heinz bodies. Reticulocytosis is also
detected.
RBCs’ G6PD assay reveals decreased level of the
enzyme.
N.B.: Young RBCs have higher G6PD activity than old
cells. Thus the increase in young cells (reticulocytes) during
hemolytic attack may mask a G6PD deficiency and the test
should be performed 2-4 months after the acute attack.
Negative direct coombs test.
Treatment
Discontinue exposure to oxidant drugs or chemicals.
Blood transfusion may be needed.
2 – Pyruvate kinase (PK) deficiency
PK is an enzyme in the glycolysis pathway responsible
for adenosine triphosphate (ATP) production.
This is the major source of energy for RBCs. In PK
deficiency, the energy supply will decrease leading to
the development of moderate to severe hemolytic
anemia.
(3) Hemolytic anemia due to Hb defects
(Hemoglobinopathies):
Hb is a conjugated protein of molecular weight
64.000 D, consisting of 4 polypeptide (globin) chains
(2-α and 2- non- α chains). Each globin chain is associated
with a single heme group which can reversibly
combine with oxygen.
Most of Hb in a normal adult (about 97%) is
called Hb-A, consists of 2-α and 2-β chains and Hb
-A2 (1.5 and 3.5%) 2-α and 2-δ chains and HbF or
fetal Hb (<1%) 2-α and 2-γ chains.
At term, HbF accounts for from 70-90% of total
Hb and then falls rapidly to 25% at one month and
5% at 6 months.
Abnormalities of the structure or synthesis of Hb
include
(i) Structural hemoglobinopathies (structural
abnormality of one of the globin chains)
(ii) Thalassemias (inherited defect in the rate of
synthesis of one or more of the globin chains)
(i) Structural Hemoglobinopathies Sickle cell
anemia (Hb SS disease) (Homozygous)
Hemoglobin S
In HbS, the charged glutamic acid in position 6 of
the normal β-chain is replaced by an uncharged valine
molecule. This results in HbS molecules which polymerize
into long fibers which deform the red cell into
the typical rigid sickle shape.
The sickled RBCs have 2 major pathological effects:
Prematurely destroyed causing a hemolytic anemia.
Result in increased blood viscosity with impaired
blood flow and initiation of thrombi.
Homozygote for HbS is described as having sickle
cell anemia; their RBCs contain ≥ 80% of Hb S. The
remainder is mainly fetal Hb (Hb F)
N.B.: The presence of high concentrations of HbF inhibits
sickling, so the co-inheritance of α-thalassemia or HPFH
results in less severe anemia.
Clinical Features
Chronic hemolytic anemia.
Dactylitis due to occlusion of the nutrient arteries
of the metacarpals and metatarsals with swelling
of the hands and feet.
Splenic sequestration syndrome due to extensive
trapping of RBCs.
Chronic leg ulcers.
Spleen is usually palpable in children, but it atrophies
from repeated infarctions.
Infections (particularly Pneumococcal)
Sickle cell crisis include;
Vaso-occlusive crisis; sudden bone aches, abdominal
pain...
Aplastic crisis: due to sudden cessation of marrow
erythropoiesis, with low reticulocytic count, related
to concurrent mild viral infections.
Hemolytic crisis; causing hemoglobinuria, high
reticulocytic count.
Lab Diagnosis
Normochromic normocytic anemia.
Blood film shows sickle cells, aniso-poikilocytosis,
target cells, polychromasia, normoblasts and reticulocytosis.
Serum bilirubin is moderately elevated.
Red cell osmotic fragility is decreased.
ESR is decreased.
Leucocytic count and platelet count may be mildly
increased.
Hb electrophoresis demonstrates Hbs.
Management
Between crises: folic acid and treatment of infections.
Painful crisis: rest, hydration and analgesics.
Marked fall in Hb: blood transfusion.
Sickle cell trait [Heterozygous form (AS)]
RBCs contain 20 - 45% Hb S, the rest is mainly
Hb A.
Heterozygous are hematologically normal and are
usually asymptomatic.
Spontaneous hematuria may occur (due to dehy
dration of RBCs in the hypertonic environment of
the renal medulla).
RBCs do not sickle until O2 saturation falls below
40% (extreme hypoxia).
Diagnosis is by Hb electrophoresis.
(ii) Thalassemia
Thalassemia's are genetic disorders of Hb synthesis
characterized by reduction in the synthesis of one
or more of the globin chains. This results in a relative
excess production of the other chain which precipitates
in the RBCs and results into their destruction.
They result in hypochromia, microcytosis and anemia.
Classification
Thalassemias are classified according to the particular
globin chain which is produced at a reduced rate
into:
1. Alpha thalassemia (reduced rate of alpha chain
synthesis).
2. Beta thalassemia (reduced rate of beta chain synthesis).
3. Delta Beta thalassemia.
1. β- thalassemia
Beta-Thalassemia's are characterized by decreased
rate of B-chain synthesis and consequently a relative
excess of alpha chains which precipitate in the RBCs
triggering their destruction in the spleen. There is a
decrease in the amount of normal HbA (α-2, β-2) in
the red cell resulting into microcytic hypochromic
anemia. The gamma chain synthesis continues beyond
the neonatal period leading to increased proportion
of HbF (α-2, γ2).
At the clinical level, β- thalassemia occurs in 2
forms:
β-thalassemia major
It is the homozygous form of the disease.
It is characterized by severe anemia starting at
infancy.
Marked.hepatosplenomegaly.
Mongoloid facies (due to BM expansion in the
maxillary and skull spaces)
Most children require life- long regular blood
transfusion which leads to iron overload.
Lab Findings
Severe anemia, microcytic hypochromic type
(markedly reduced MCVand MCH) with marked
anisopoikilocytosis and many target cells.
Normoblasts are numerous and
Reticulocytes are increased.
Target cells are frequent.
White cell count and platelet count are normal or
increased.
Osmotic fragility (OF) is decreased.
Serum bilirubin is high.
Hb F is the predominant Hb (10-90% of the total).
Hb A is present in small amount or completely
absent.
Serum iron and ferritin are elevated.
BM smear shows hyperplastic erythropoiesis.
β- thalassemia minor (trait)
It is the heterozygous state for the β-thalassemia
gene.
Clinically, mild disorder with little or no anemia
and the spleen may be palpable.
Lab Findings
Hb level is normal or slightly decreased.
MCV and MCH are low.
RBCs count is high.
Hb A2 is increased (4-7%).
Hb F may be slightly increased.
RDW is usually normal (high in iron deficiency).
N.B.: the differentiation of β- thalassemia minor from iron
deficiency may be a diagnostic problem. Estimation of serum
iron, TIBC, serum ferritin, transferrin, RDW and Hb electrophoresis
are required for differentiation.
2. α- thalassemia
Alpha globin is present in both fetal (alpha 2
gamma2) and adult (alpha2 Beta2) Hb, and therefore,
alpha- thalassemia results in defective fetal
and adult Hb production.
In the fetus, excess gamma chains form gamma
tetramers (Hb Bart's).
In the adults excess B chains form B4 (HbH)
Disease.
α-Thalassemia minor or trait is the heterozygous
form of the disorder and it gives rise to mild microcytic
anemia.
3. Hereditary Persistence of fetal hemoglobin
It is a condition in which there is failure of
switching from gamma chain production to beta
chain so fetal Hb persists. In this condition, there is
balanced production of alpha and gamma chains
and so no chain precipitate and the classic features
of thalassemias have no place here.
B. Acquired Hemolytic Anemia
1- Hemolytic Disease of the NewBorn (HDNB)
Pathogenesis
HDNB occurs due to passage of Rh positive fetal
RBCs into the maternal circulation of an Rh- negative
mother with consequent immunization.
Anti- D isoantibodies (anti- Rh) of IgG subclass
are produced in the maternal blood. These antibodies
undergo transplacental transfer to the blood of next
baby causing hemolysis.
An alternative means of immunization is by previous
transfusion of Rh-positive blood into Rhnegative
female.
ABO incompatibility (group A and B infants born
to group O mothers) may result similarly in the production
of antibodies, but the clinical picture is different
and less severe.
Clinical Picture
Variable anemia
Massive generalized edema (hydrops fetalis) in
severe cases
Jaundice
Hepatosplenomegaly
Kernicterus.
Lab Findings
Hb levels may be normal or very low.
Reticulocytosis and normoblastemia.
Neutrophilia
Hi gh s e r um b i l i r u b i n, ma i n l y i n d i r e c t
(unconjugated).
Positive direct coomb‘s test
Treatment
Exchange transfusion.
Prophylaxis
Rh (D) negative mothers of Rh (D) positive infants
should be given anti- D immunoglobulin within
(72) hours of delivery of Rh positive baby or abortion
to destroy the Rh +ve RBCs escaped in the maternal
blood (from the delivered Rh +fetus).
2- Autoimmune hemolytic anemia (AIHA)
Classification
1. Primary or idiopathic.
2. Secondary (associated with hematological malignancies,
collagen diseases, infections and drug
ingestion (e.g. methyl Dopa, penicillin).
Pathogenesis
It results from production of lgG which acts as
antibody active at normal body temperature and damage
the red cell membrane (warm antibody hemolytic
anemia).
If lgM is produced, it acts as cold agglutinin, interacts
with complement and damage RBCs at lower
temperature (cold antibody hemolytic anemia).
RBCs are prematurely destroyed with production
of spherocytes.
Lab Findings
Variable anemia (usually macrocytic).
Reticulocytosis.
Blood film shows spherocytes.
Hyperbilirubinemia.
Positive direct coombs test.
Treatment
Corticosteroids
3- Non- immune mediated hemolytic anemia
(direct Coombs test negative)
Causes
Drugs (i.e., some drugs and other ingested substances
lead to hemolysis by direct action on
RBCs, e.g. ribavirin )
Toxins (e.g., snake venom; plant poisons such as
aesculin)
Trauma
Mechanical (from heart valves, extensive vascular
surgery, microvascular disease, repeated mechanical
vascular trauma)
Microangiopathic hemolytic anemia (a specific
subtype with causes such as TTP, HUS and DIC).
Infections (Note: Direct Coombs test is sometimes
positive in hemolytic anemia due to infection);
Clostridium welchii infection
Malaria
Septicemia
RBCs‘ membrane disorders
PNH
Liver disease
Paroxysmal nocturnal hemoglobinura (PNH)
A rare disorder characterized by chronic intravascular
hemolysis with exacerbations associated with
hemoglobinuria and marked thrombophilia.
The intravascular hemolysis is due to increased
sensitivity of RBCs‘ membrane to lysis by complement
especially in low pH range.
PNH is associated with aplastic anemia and may
end in acute leukemia.
Diagnosis
Ham's test: Increased cell lysis in fresh acidified
serum.
Demonstration of hemosiderin in urine (due to
intravascular hemolysis
