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ANEMIA
Anemia is a consequence of a reduced quantity of erythrocytes (and hence hemoglobin) per unit volume with a variable total blood volume.  Anemia may be measured in the clinical laboratory by:


Hemoglobin concentration ‑ determined chemically


Packed red cell volume ‑ (hematocrit) ‑ measured by high speed centrifugation in a capillary tube in the past and now is calculated


Red cell count (RBC) ‑ electronic particle counter

    
Test



Average value in males
Hemoglobin (Hb)


150 g/L

Hematocrit (Hct)


0.45

RBC



5 x 1012/L

It is usual to define anemia in terms of the Hb concentration and this is the standard laboratory assessment of anemia.  Automated blood counters can perform all 3 determinations simultaneously on one blood sample.  The normal hemoglobin concentration depends on the sex and age of the individual.

Hb g/L
Male

140‑180

Female

120‑160

A patient below the lower limits may be considered to be anemic.  The major mechanisms in anemia are:


Blood loss ‑ either acute or chronic


Bone marrow production problems

Marrow Failure ‑ e.g.


stem cell failure 

- multipotential (aplastic anemia)

 
 
‑ unipotential (red cell aplasia)


clonal stem cell disorders 
‑ acute and chronic leukemias

    
‑ myelodysplastic syndromes


neoplastic infiltration


fibrosis


Ineffective erythropoiesis e.g.


decreased globin synthesis ‑ thalassemias


abnormal maturation ‑ Vit B12 or folic acid deficiency

· reticulo‑endothelial block in iron re‑utilization ‑ e.g., anemia of chronic disease or infection


Increased red cell destruction (hemolysis)
This may be due to intrinsic erythrocyte abnormalities affecting the membrane, hemoglobin stability, or glycolytic enzymes or acquired defects, such as antibody destruction, mechanical trauma, infections, hypersplenism or drug toxicity resulting in shortened erythrocyte survival.

An examination of the size, shape and color of the erythrocytes (RBC morphology) on a blood slide is useful in determining the cause of an anemia.  Since hemoglobin contains iron, chronic blood loss results in iron deficiency.  Iron deficient erythrocytes are pale (hypochromic) and small (microcytic).

Red Cell Indices:  Mean Cell Volume (MCV) can differentiate anemia into microcytic, normocytic and macrocytic.

An examination of the bone marrow by needle biopsy and/or aspirate is often required to diagnose anemias related to marrow dysfunction.

The clinical effects of anemia are usually related to the cardiovascular effects of anoxemia.  Specific pathological effects may be related to the underlying mechanism e.g.


breakdown products of increased red cell destruction e.g. bilirubin stones in chronic hemolytic anemia


extramedullary hematopoiesis with splenomegaly as a response to ineffective erythropoiesis or marrow failure, e.g. thalassemia major or myelofibrosis


reticuloendothelial iron overload as a consequence of chronic hemolysis, ineffective erythropoiesis (thalassemia major, sideroblastic anemias) or multiple transfusions (transfusion siderosis)


microcirculatory effects of increased membrane rigidity e.g. splenic infarction in sickle cell anemia.

POLYCYTHEMIA

Relative Polycythemia
Low Plasma Volume


dehydration


low plasma volume syndrome (stress erythrocytosis, pseudo‑

  polycythemia, Gaisbock syndrome)


Primary Polycythemia (Polycythemia Rubra Vera) is a myeloproliferative disorder with an increased number of erythrocytes per unit volume and an increased total blood volume.  It is a clonal stem cell disorder with pancytosis (erythrocytosis, granulocytosis, thrombocytosis), and splenomegaly.  The cellular proliferation may be associated with hyperuricemia, increased blood viscosity (e.g. thrombosis) or platelet dysfunction (bleeding).  Myelofibrosis may be seen as a "burnt out" end stage.  Progression to acute leukemia may occur and the incidence is increased by chemotherapy.


Secondary Polycythemia (Secondary erythrocytosis) is a Hb greater than 180  g/L in males and 160 g/L in females and may be due to:


Increased Erythropoietin as a normal response to  ‑


anoxemia ‑ chronic obstructive lung disease (C.O.L.D.), A/V Shunt, high altitude, hypoventilation syndromes


decreased oxygen delivery to tissues


smoker's polycythemia (increased COHb)

 


rare abnormal hemoglobins with increased oxygen binding


Inappropriate Erythropoietin production associated with

 
neoplasms, e.g. renal cell carcinoma, hepatoma, cerebellar hemangioblastoma


cystic disease of kidneys
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