Lab.  
Packed cell volume (PCV) or Haematocrit (HCT)
Introduction and principle:

Whole blood is anticoagulated and centrifuged for maximum red blood cell packing. The space occupied by the red blood cells is measured and expressed as a percentage of the whole blood volume. So PCV: is the volume of RBCs per unit volume of whole blood.

· High PCV (haemoconcentration): This may be relative due to reduced plasma volume, or absolute (increased red blood cell mass):

· Reduced plasma volume - often result of dehydration e.g. alcohol, diuretic therapy, Addison's disease, burns, diarrhea (cholera) and dehydration (because of water loss).
· Increased red cell mass - primary (polycythaemia rubra vera) or secondary e.g. chronic lung disease, smoking, high altitude, and tumours. 
· Low PCV (haemodilution) either due to reduced RBC mass (anemia) or increased plasma volume e.g. intravenous fluid infusion, pregnancy, acute kidney & liver disease, etc.  
Normal Values: 

Adult male 41 - 54%

Adult female 36 - 47%
Polycythemia: > 60% in males and > 56% in females

Complications of polycythemia: thrombotic events and cardiovascular mortality

Methods of measuring PCV
1. Microhaematocrit
2. Electronic cell counting 

Microhaematocrit 
Material and instruments 

1. Microhaematocrit tube (capillary tube) 75 mm in length and 1mm in diameter which contains heparin and show a red color ring at the end of the tube.

2. Microhaematocrit centrifuge device.

3. Plastic seal to seal one end of Microhaematocrit capillary tube.

4. Microhaematocrit reader.

Procedure:

1- Blood is drawn into the tubes by capillary phenomenon. By holding the tube in a horizontal manner and allow 2/3 - 3/4 of the tube to be filled with blood. Air bubbles denote poor technique but do not affect the results of the test.

2- Seal the dry end of the tube by plastic seal.

3- The sealed tube is then placed in the radial grooves of the Microhaematocrit centrifuge and centrifuge for 5 minutes. 

4- When looking at a centrifuged haematocrit tube, you can see three distinct layers: top layer of clear slightly milky plasma, thin buffy coat layer (consist of WBC and platelets), and a dark packed RBCs layer

5- Obtain the result using Microhaematocrit tube reading device adjust the movable line to touch the top of the RBCs in the tube (We can measure the PCV by a ruler and we find the percentage of packed cells to the whole column of the sample) 

Hematological indices:

Mean corpuscular volume (MCV): average volume of a red blood cell.
Mean corpuscular hemoglobin (MCH): average content (mass) of hemoglobin per cell.
Mean corpuscular hemoglobin concentration (MCHC): average concentration of hemoglobin in a given volume of packed erythrocytes.
Red cell distribution width (RDW): coefficient of variation of RBC volume and it is a measure of anisocytosis (abnormal RBC size).
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Hematological indices are obtained from RBCC, Hb, and PCV values as follows:
Mean cell volume (MCV) = (PCV × 10) / (RBCC × 106) = (90 + 10) fL (um3)
Mean cell hemoglobin (MCH) = (Hb × 10) / (RBCC × 106) = (30 + 5) pg 

Mean cell Hb concentration (MCHC) = Hb / PCV = (MCH × 100) / MCV = (33 + 2) %  

Morphologic classification:

Normochromic: normal MCHC 

Hypochromic: low MCHC

Normocytic: normal MCV

Microcytic: low MCV 
Macrocytic: high MCV 
What types of anemia could be found:

Normochromic normocytic

Hypochromic microcytic

Normochromic macrocytic

Hypochromic macrocytic

	Indices
	Iron def.
	B12 / Folic acid def.
	Anemia of chronic disease

	RBCC
	Normal
	Low
	Low

	Hb
	Low
	Low
	Low

	PCV
	Low
	Low
	Low

	MCV
	Low
	High
	Normal

	MCH
	Low
	High
	Normal

	MCHC
	Low
	Low / Normal
	Normal

	WBCC
	High
	Low
	Low

	Morphology
	Microcytic
	Macrocytic
	Normocytic


Reticulocytes: immature, larger (macrocytic) red cells that are spherical and have a bluish color (polychromasia) due to free ribosomal RNA. Reticulocytes do not have a nucleus; (note that any erythrocyte with a nucleus in peripheral blood is abnormal). Reticulocyte maturation to mature erythrocyte takes about 1 day. The reticulocyte count is the percentage of red immature cells present in peripheral blood (normal = 0.5 - 1.5%).

If there is anemia, it should be taken into consideration and reticulocyte count need to be corrected reticulocyte count takes into consideration the degree of anemia and is calculated as (patient's PCV/45) x (reticulocyte count); the idea behind the calculation is to scale the reticulocyte count by multiplying by the ratio of the patient's hematocrit to "normal" hematocrit of 45%. When interpreting the corrected reticulocyte count, <2% indicates poor bone marrow response and > 3% indicates good bone marrow response.

Classification of anemia can be based on color: 
Normochromic anemias have normal red cell color (central pallor of about a third the diameter of the erythrocyte);
Hypochromic anemias have decreased color (seen as an increased central pallor of erythrocyte); 
Hyperchrornic anemias (theoretically possible), are usually instead called spherocytosis and have increased color (loss of central pallor of erythrocyte). 
Classification of anemia can also be based on size (MCV)
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