Consequences and Approaches to Anemia
Metabolic/Physiologic Responses to Anemia
Patients with iron deficiency anemia demonstrate pica, the ingestion of ice or other odd “foods.”


Pica is probably related to decreased activity of iron-requiring enzymes in the CNS.

Normal O2 carrying capacity of blood is 1.39 ml O2 per gram hemoglobin.
Tissues extract 25% of available blood O2, dropping O2 tension from 100 mmHg arterial to     
40 mmHg venous.  O2 delivery to tissues is given by the equation:

Thus, in the presence of anemia, the extraction of the same quantity of O2 causes decreased VO2 
and thus tissue hypoxia. 

VO2 can be increased by various compensation mechanisms, including:
1.  Increased blood flow (Q).  Q can increase with cardiac output or increased tissue perfusion.  Cardiac output usually doesn’t increase until Hb falls below 7g/dl.  This will cause recognizable 
anemic signs such as tachycardia, bounding pulses, cardiac murmurs, and hyperdynamic 
precordium (can see/feel beats on chest wall).  Patients may hear blood roaring in their ears.
Tissue perfusion also doesn’t increase until Hb falls below 7g/dl.  This will cause blood to shunt 
away from skin and kidneys to more oxygen-sensitive organs such as heart, brain, and 
muscle.  This redistribution is what causes skin pallor in anemic patients.

2.  Increased red blood cells (Hb).  This is the most important physiological response to anemia.  Erythropoietin synthesized by the kidney stimulates RBC maturation.  These patients may develop 
reticulocytosis and immature RBC in peripheral blood.  There may also be bony pain.

Hb can’t increase indefinitely, because viscosity increases as well.  The optimal balance 
between O2 carrying capacity and viscosity is at a hematocrit of 45%. 
3.  Increased oxygen unloading (SAO2 – SVO2). 

Decreased oxygen affinity of Hb for oxygen occurs as RBC increase levels of 2,3DPG, which 
binds hemoglobin and displaces oxygen.  This facilitates greater O2 delivery.  In general, 
women have higher 2,3DPG levels than men.
Oxyhemoglobin Dissociation Curve
1.  Oxygen affinity is assessed by the P50, the partial pressure of O2 at which Hb is half-saturated.
 
If the curve shifts to the right, the P50 increases, and oxygen affinity decreases.  Thus, P50 
varies inversely with oxygen affinity.
2.  Cooperativity is why the affinity of Hb for O2 increases as the remaining hemes of the 
tetramer become saturated.  It is responsible for the sigmoidal shape of the curve which 
allows large oxygen release over small drops in oxygen tension.  Cooperativity occurs 
because Hb has two conformations that convert as oxygen is added to the four hemes:


T (tense) form is the deoxygenated form.  Low affinity for O2.



R (relaxed) form is the oxygenated form.  High affinity for O2.

3.  Factors affecting the position of the curve along the X-axis include pH, 2,3DPG, and temperature.
Things to think about with anemias
Anemias are caused by decreased production, increased destruction, or blood loss.  Reticulocytes 
help to distinguish – if production is decreased, there will be few reticulocytes.  If blood 
loss has occurred, reticulocytes will be normal or elevated.  So to determine which of 
these three mechanisms has caused anemia, get a reticulocyte count.
Anemias can be microcytic, macrocytic, or normocytic.  To find out, get RBC Indices.
Anemias can be hypochromic or normochromic.  To find out, get RBC Indices.
Complete Blood Count (CBC)
1.  Hematocrit (Hct), expressed as a percent of blood volume.

2.  Hb, expressed as grams of Hb per dl of blood.
3.  Reticulocyte count.  Anemia due to bleeding or hemolysis is characterized by reticulocytosis.
4.  Mean Cell Volume (MCV), reflects the average volume of an RBC.  It is calculated as the 
hematocrit divided by RBC count (Hct/RBC count).
5.  Mean Cell Hemoglobin (MCH), reflects the weight of Hb in the average RBC.  Tells you if 
they are hypochromic or normochromic.  It is calculated as hemoglobin divided by RBC 
count (Hb/RBC count).
6.  Mean Cell Hemoglobin Concentration (MCHC), reflects the concentration of Hb in the 
average RBC.  It is calculated as hemoglobin divided by hematocrit (Hb/Hct).
7.  RBC morphology, assessed with a peripheral blood smear.
Common causes for the different types of anemia
1.  Hypochromic (low MCHC), microcytic (low MCV) anemia.  This usually indicates iron 
deficiency or thalassemia.  Can also be from lead poisoning or anemia of chronic disease.
2.  Macrocytic (high MCV) anemia.  Usually indicates megaloblastic (folic acid / B12 deficiency) 
anemia or liver disease.

Macrocytic anemias are normal in newborn babies.

Bone marrow failure will simulate a return to the newborn macrocytic state.

3.  Normocytic, normal morphology anemia.  This indicates hemorrhage or an infection.

4.  Normocytic, abnormal morphology anemia.  This indicates hemoglobinopathathies (sickle 
cell anemia), hereditary spherocytosis, or autoimmune hemolysis.
(Raymond removed graph that shows curve shifts to the right due to HbS, (2,3 DPG, (pH, (oxygen, or (temperature.)
VO2 = 1.39 x Q x Hb x (SAO2 – SVO2)











