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Anemia is one of the most common disease syndromes in domestic animals and may be either a primary process or secondary to another underlying problem.  By definition, anemia is reduction in oxygen carrying capacity of the blood and is characterized by decreases in hematocrit, red blood cell count and hemoglobin. Only after the cause of anemia has been defined can appropriate therapy be instituted and an accurate prognosis of outcome is made.

Diagnosis and Differentiation of the Causes of Anemia

A responsive anemia is one in which the bone marrow responds appropriately with increased red cell production and the release of normal young red cells into circulation.  There are two major categories of responsive anemias:  blood loss anemias and hemolytic anemias.



Nonresponsive anemias are those in which the marrow does not respond appropriately and young red cells are not released in adequate numbers into the circulation.  There are also two major categories of nonresponsive anemias:  those in which marrow red cell production simply is not increased or is reduced (hypoproliferative anemias) and those in which there is marrow red cell hyperplasia but the red cells produced are abnormal and not released into circulation (the maturation defect anemias).  

Responsive vs. Nonresponsive Anemia


In order to classify an anemia as responsive or non-responsive, the clinician must rely upon the CBC red cell data, in particular the findings on the peripheral blood film.

An absolute reticulocyte count is indicated whenever anemia is present 

Anemic animals with an increased absolute reticulocyte count are said to have responsive anemias- either from blood loss or hemolysis.  Anemic animals without increased reticulocyte counts have nonresponsive anemias.  Generally, hemolytic anemias are more responsive than blood loss anemias; it has been suggested that absolute reticulocyte counts of greater than three times the upper end of the reference range is suggestive of hemolysis.  


The Responsive Anemias
1)
Blood Loss 


Blood loss anemia is best defined as an anemia where red cell lifespan is normal but red cells are lost from the body.  In response, erythropoietin levels increase, thereby stimulating increased marrow red cell production.  However, even under the best conditions, the first new reticulocytes do not appear in the circulation until approximately 72 hours after hemorrhage.  The reticulocyte response reaches its full expression from 4 to 7 days following the hemorrhagic episode.  If only a single hemorrhagic episode has occurred and marrow response is adequate, hematocrit should have returned to normal within two weeks.

2)
The Hemolytic Anemias


The second major category of responsive anemia is hemolytic anemia.  Hemolytic anemia is characterized by shortened red cell lifespan caused by destruction of circulating red cells.  Hemolytic anemias may be difficult to separate from acute blood loss because hemolytic anemias, like acute blood loss, are responsive anemias characterized by the typical features of red cell regeneration in the peripheral blood - anisocytosis reticulocytosis (polychromasia in routine smears), occasional Howell-Jolly bodies, and occasional nucleated red cells.  However, in general, hemolytic anemias are more responsive than blood loss anemias.


Immune-Mediated Hemolytic Anemia


Immune-mediated hemolytic anemia is caused by the presence of circulating anti-red cell antibodies which bind to the surfaces of red cells and cause premature destruction.


The typical immune mediated anemia is extremely regenerative with marked polychromasia (reticulocytosis) and anisocytosis.  In some cases auto agglutination (three dimensional clumping) of red cells is apparent on routinely-stained smears; this finding can be confirmed by evaluation of a saline-diluted wet preparation.  Establishing that auto agglutination is present is extremely important diagnostically; demonstration of auto agglutination confirms that red cells are coated by antibody and in cases of anemia, establishes the diagnosis of immune-mediated disease without further testing.



By far the most consistent and significant "morphologic footprint" of immune-mediated hemolysis on the peripheral blood smear is spherocytosis.  Spherocytes by definition are small round red cells which stain intensely and lack central pallor.  Spherocytes are often present in large numbers in immune-mediated hemolytic anemia; however, they should not be regarded as a pathognomonic finding.


Infectious Hemolytic Anemias


Bacterial, protozoal and rickettsial agents have all been established as causes of hemolytic anemias in animals.  In dogs, the principal infectious hemolytic anemias are babesiosis and leptospirosis, and in cats, Mycoplasma haemofelis (feline infectious anemia).

Heinz Body Hemolytic Anemia


The diagnosis of Heinz body hemolytic anemia is based upon the presence of a highly responsive anemia (usually of acute clinical onset and occasionally with hemoglobinemia, hemoglobinuria), and the identification of Heinz bodies.  On Wright's stained smears, Heinz bodies are generally seen as small irregular nipple-like projections from the red cell surface which stains like hemoglobin.

Hereditary Hemolytic Anemias


Several hereditary red cell enzyme deficiencies have been described in dogs and cats and present clinically as hemolytic syndromes.  The most important of these are pyruvate kinase deficiency and phosphofructokinase deficiency. 

Fragmentation Hemolytic Anemias


Fragmentation hemolysis occurs when normal red cells are torn apart while circulating through an abnormal vasculature.  Because of their pathogenesis, these anemias are also known as angiopathic or microangiopathic hemolytic anemias.

In addition to the usual responsive peripheral blood picture, these anemias are characterized by the presence of schistocytes on the peripheral blood smear.  Schistocytes are irregularly shaped, often pointed poikilocytes which represent the remnants of red cells which have been traumatically disrupted while circulating.

The Nonresponsive Anemias 

Evaluation of the patient with a confirmed non-regenerative anemia can be quite involved and in many cases, actual identification of the underlying cause is never accomplished.  A variety of laboratory testing beyond the more common hematologic analyses we perform daily.  The initial phase of the evaluation actually does include the routine testing because we first have to document that a significant non-regenerative anemia actually exists.  Serial CBCs will be required to make this determination through the documentation of reproducible results.

Secondary Non-Regenerative Anemia

Anemia of Inflammatory Disease – This is the most common cause of mild non-regenerative anemia.  Hematocrits in the low 30’s and high 20’s in the dog and slightly lower in the cat are common with active inflammatory disease.  The simple identification of an active inflammatory process and mild non-regenerative anemia is highly suspicious of this being the cause and simple following the erythron changes after resolution of the inflammatory process is all that is needed.  The degree of anemia, unless complicated with other blood loss or hemolytic disease is typically not significant enough to be of concern.

Anemia of Chronic Renal Disease – Non-regenerative anemia is a valuable laboratory finding to help support the clinical impression of chronic renal failure.  

Anemia of Endocrine Origin – Underlying disease of both thyroid (hypothyroidism) and adrenal (hypoadrenocorticism) origin can result in mild non-regenerative anemia; therefore, complete endocrine profiling is warranted if an unexplained mild non-regenerative disease is noted

Anemias of other Organ Dysfunction – A variety of chronic organ dysfunctions have been attributed to generally mild non-regenerative anemia.  Anemia associated with chronic hepatic disease is most well understood.  These anemias vary from extremely mildly regenerative to non-regenerative anemia and they are distinctively associated with the presence of significant numbers of acanthocytes in circulation.

Primary Non-Regenerative Anemia

Immune-mediated Hemolytic Anemia – Most people think of a strongly regenerative anemia potentially associated with spherocytosis and potential auto agglutination when they think of immune-mediated hemolytic anemia.  Regenerative anemia is truly the most common presentation of this disease process with decreased erythrocyte survival times, but if the immune-mediated process is directed towards erythrocyte precursors in the marrow, a non-regenerative anemia is possible.  In addition, since the process is directed against precursors, typical spherocytosis that is so helpful in identifying this particular disease process may not be present if no antibodies are associated with mature erythrocyte membranes.  Bone marrow evaluation becomes essential in helping at least include this possibility in the differential.  

Red Blood Cell Aplasia – Specific cause for this type of anemia is rarely identified.  Various infectious diseases including Parvoviral infection have been implicated.  Many of these animals respond to steroidal or non-steroidal immunosuppression suggesting a possible underlying immune-mediated mechanism, possible directed towards the unipotential stem cell or slightly later stages of the maturation sequence within the erythroid compartment.

Myelodysplasia –Identification of dysplastic maturation (binucleated cell form, asynchronous maturation of nucleus and cytoplasm, megaloblastosis, etc.) should be attempted by an individual with experience in detailed hematologic evaluations.  Some of these conditions respond to erythropoietin therapy at least transiently.

Iron Deficiency Anemia – Iron deficiency has several different presentations dependent upon the stage of the disease process.  In early stages of iron deficiency development associated with chronic blood loss, the anemia is actually regenerative in respect to finding a significant reticulocytosis; however, the anemia is progressive. With time, iron stores are truly depleted and a true non-regenerative anemia with no significant polychromasia or reticulocytosis is seen.  

Pancytopenia – Pancytopenia typically is associated with marrow failure of production of two or more cell lines within the hematopoetic system. Typically, prognosis is extremely poor in these cases and in many situations, diseases involving stem cells diseases are not completely characterized relative to the underlying cause.  Bone marrow again is essential in identifying these processes and potential serial CBCs in conjunction with the evaluation of multiple bone marrow samples may be required
