Laboratory Medicine—Hematology
Cell Profile and Differential


The cell profile (CP) includes the following:

1) WBC count

2) RBC count

3) Hemoglobin/hematocrit

4) Mean cell volume (MCV)

5) Mean cell hemoglobin (MCH)

6) Mean cell hemoglobin concentration (MCHC)

7) Platelets

8) % neutrophils, lymphocytes, monocytes, eosinophils, and basophils


The manual differential is the % of the different types of WBC’s seen (normal or abnormal.  It is not a formal part of the cell profile.  Platelets numbers are estimated and their appearance is looked at.  Red cell morphology is also viewed and can assist in diagnosis.  Parasites or abnormal appearing artifacts may appear as well.  
Hemoglobin

Adult Reference Ranges:

Male – 14 to 18 gm/dl

Female – 12 to 14 gm/dl

Children:

Newborn – 17 to 23 gm/dl

<12 years – 10 to 14 gm/dl


Normal hemoglobin A is made up of 2 alpha and 2 beta polypeptide chains and 4 heme groups.  The heme groups contain the iron.  Normal adults also have hemoglobin A2 (2 alpha and 2 delta chains) and hemoglobin F (2 alpha and 2 gamma chains).  Children have much higher levels of hemoglobin F, which decreases from birth to adult levels.  Hemoglobin F is an excellent carrier of oxygen.  
Heme Disorders


There are many disorders related to the heme portion of hemoglobin.  Iron, vitamin B12, and folic acid are related to deficiencies in heme.  Most of these are often related to dietary issues.

The most common reason for iron deficiency in adult other than dietary is a chronic bleed.  Other causes include pregnancy (twins especially) and malabsorption syndrome.  In children, it is usually dietary and rapid growth spurts.  Vitamin B12 and folate deficiency are usually dietary in adults and may be the result of alcoholism.
Diagnosis of Deficiency Anemia
Fe deficiency:
1) Hemoglobin and hematocrit are usually lower than normal

2) MCV is decreased below 80 fl.

3) RBC’s are microcytic and hypochromic

4) Serum Fe is decreased
5) Total iron binding capacity (TIBC) is increased – must be able to carry iron if for treatment to be successful
6) % saturation is decreased

7) Ferritin decreased

8) Bone marrow iron decreased – bone marrow test is the last resort for a diagnosis
Vitamin B12 and Folic Acid deficiency (not as severe)
1) Hemoglobin and hematocrit are slightly decreased

2) MCV very much above normal

3) Decreased levels of either B12 or folic acid or both
4) Symptoms of neurological impairment


Pernicious anemia is very similar to B12 deficiency.  However, treatment with the vitamin does not help.  The patient does not respond to the fact that they are missing the intrinsic factor of the gut.  If the intrinsic factor is given to the patient, there is a response.


Patients with deficiency anemias should be treated with the agent they are lacking.  Usually, these patients respond to treatment.  If bleeding is the cause of iron deficiency, find the source of the bleeding.  For B12 and folate deficiency, if alcohol is the problem, remove the source and feed the patient a good diet.  
Globin Disorders


Many of the hemoglobin disorders are globin related.  They include sickle cell anemia (hemoglobin SS) homozygote, sickle trait (hemoglobin AS) heterozygote, hemoglobin C disease and trait, and hemoglobin D disease and trait.


In these diseases, there are abnormal alpha and beta chains which may cause serious problems for the patient.  This leads to a deletion of one of the amino acids in the sequence.  In hemoglobin S, the beta chain is composed if 146 amino acids.  In the 6th position, the amino acid should be glutamic acid but it is replaced with valine.  


There are more than 400 different hemoglobin disorders caused by deletions or substitutions of amino acids on the alpha and/or beta chains.  Many of these diseases are found in ethnic populations which often aids in the diagnosis of the problem.  
Diagnosis


Each hemoglobin disorder is diagnosed by patient symptoms but primarily by different lab tests.  Each of the disease is diagnosed by performing a hemoglobin electrophoresis, which allows each hemoglobin to migrate to a particular spot on the electrophoresis gel.  Physical exam of the patient and a history assists in differentiating one hemoglobin from another where more than one hemoglobin migrates to the same position.

Hemoglobin may be decreased or normal depending on the hemoglobin present, the disease, or trait.  A reticulocyte test would indicate increased erythropoiesis.  The reference range for adult reticulocyte count is 0.5-1.5%.  Slide differential is sometimes effective in diagnosing the problem.     
Hemolytic Anemias


Hemolytic anemias can be inherited as well as acquired.

Inherited

1) Glucose 6 phosphate dehydrogenase

2) Pyruvate kinase deficiency

3) Spherocytosis – RBC’s are small, round, and packed with hemoglobin.  They do not have the characteristic paleness in the center.  The RBC’s hemolyze very quickly
4) Ovalocytosis

5) SS disease

6) Autoimmune disorders

Acquired

1) Transfusion reaction or ABO incompatibility

2) HDN – hemolytic disease of the newborn
3) PNH

4) Drug reaction

5) Burns
Other Types of Anemias

Thalassemia

Thalassemia is a defect in the production of alpha or beta chains.  It is a very variable disease from the homozygote form to the heterozygote form with many variations in between.  Characteristics are as follows: 

With a deletion in the number of beta chains we tend to see:

1) Decreased hemoglobin and hematocrit 


2) Decreased MCV 


3) Microcytosis and hypochromia 


4) Normal to increased iron (which r/o iron deficiency) 


5) Electrophoresis will not be helpful because there are no abnormalities


6) Hemoglobin A2 and hemoglobin F is elevated


7) Family history is essential


8) Patient physical – certain anomalies in the homozygote form


9) Treatment of these patients is difficult

Alpha Thalassemia 


Alpha Thalassemia is a heterozygote condition variable but not commonly found and not of a serious nature.  The homozygote condition is very rare.  The patient usually dies in utero.  It is rare to see a surviving homozygote.  
Aplastic Anemia


Aplastic anemia is caused by bone marrow shutdown due to drugs and damaging radiation.  Hemoglobin, RBC, WBC, and platelets are all decreased.  This is caused by a reduction in the number or function of multipotent stem cells (pancytopenia).

Diagnosis

Patients present with:

1) Bleeding due to the decreased platelet count

2) Increased susceptibility to infection due to decreased WBC

3) Symptoms of anemia

4) 50% of patients have no known cause

5) 50% are divided among drugs (33%), infectious hepatitis (4%), chemicals (4%), and miscellaneous (59%)

Lab Tests:

1) RBC – very decreased but normal in appearance with perhaps slight aniso and poikilocytosis

2) WBC – decreased with slight increase in lymphocytes

3) Platelets – thrombocytopenia

4) Iron stores – decreased in bone marrow

5) Serum Fe - increased
Indices

MCV

MCV is the overall volume of the cell.  
Reference range = 80-100 fl.  
<80fl. = microcytic anemia (iron deficiency, Thalassemia, lead poisoning, sideroblastic).  >100fl = macrocytic anemia (vitamin B12 and folate deficiency, pernicious anemia, or liver disease).  
80-100fl. = normocytic anemia (acute blood loss, hemolytic anemia, or early aplastic anemia).  

MCH

MCH is the mean amount of hemoglobin by weight per cell.  
Reference range = 27-31 pg

<27 pg. = microcytic/hypochromic anemia with similar diseases to low MCV.  
>31 pg. = macrocytic anemias very similar to increased MCV but also acute hemolytic anemia with shift reticulocytes.  When the body is stressed, it needs to release RBC quickly.  This is done by the bone marrow.  Shift reticulocytes are younger, bigger, and blue than regular reticulocytes.   
27-31 pg. = very similar to normal MCV but also includes stem-cell related anemia.

MCHC


MCHC is the mean hemoglobin concentration in grams.

Reference Range = 32-36%

<32 = same as both the MCV and MCH

>36% = rare, seen in spherocytosis

32-36% = same as both MCV and MCH
Polycythemia Vera


Polycythemia Vera is characterized by increased hemoglobin, RBC, and hematocrit.  There is a slight increase in WBC and platelets.    


Patients present with splenomegaly, hemorrhage due to thrombosis and hyperviscosity, dizziness, fullness in the heat, and cardiac problems


Therapy includes phlebotomies, which may eventually lead to iron deficiency, splenectomy, or radiation.  Therefore, it is not widely used.  The best thing to do for this patient is to simply bleed them by removing some of the thick blood from their body.  Patients may develop acute myelogenous leukemia if chemotherapy is used to destroy stem cells in advanced PV.  10-15% develops AML.
White Blood Cells

Reference range for adults = 4.0 – 11.0 x 109.  

Increased WBC’s may signify infection or leukocytosis due to a leukemoid reaction, i.e. medication, stress, steroids, or exercise.  Leukemia is characterized usually by increased WBC but they may be normal or decreased.  This can lead to toxemia or tissue injury/destruction.

Decreased WBC may signify aplastic anemia, immune deficiency disorders, chemotherapy, radiation, or myelophthisis.  
Differential


Differential is a picture of your blood cells put on a slide.  The cells are then counted.  From the total amount of cells, each individual cell type is counted, giving us the differential.  

Neutrophils are usually 60-70% of the differential.  When the WBC count goes up, these are the ones that usually increase.  Bands usually constitute 0-4%.  Increased levels may be due to drugs/chemicals, tissue destruction, myeloid disorders, or infection.  Decreased levels are seen in viral disorders.


Lymphocytes consist of 25-35% of the differential.  These are the cells that make up our immune system.  Increased levels may be seen in of viruses (adenoviruses, echoviruses), CMV, hepatitis, toxo, pertussis, lymphocytic leukemia, or infectious mononucleosis.  Decreased levels will be seen in hypogammaglobulinemia, AIDS, radiation, and other primary immunodeficiency disorders.


Monocytes are usually 4-8% of the differential.  Increased levels may be due to inflammation, TB, malignancies, or myeloproliferative disorders.  They are usually not decreased.     

Eosinophils consist of 0-4% of the differential.  Increased levels may be due to parasites, allergic reactions, and respiratory skin and inflammatory disorders.  

Basophils constitute 0-1%.  They are similar to eosinophils.  They are seen in CML-end stage and PV.  
WBC Disorders


In leukemia, the WBC may be increased, decreased, or normal.  There are three types: fulminant, acute, and chronic.  In chronic leukemia, patients usually live for about 10-15 years.  In acute leukemia, patients live for about 3-4 years.  Fulminant leukemia occurs very quickly.  Leukemia can affect all cell lines, including RBC’s and platelets (designated M0 thru M7 and L1, L2, and L3).  Each type of leukemia presents with a different picture to identify the class.  Treatment most often is indicated by what is seen on the smear, bone marrow, and markers (flow cytometry will produce the specific markers).  With acute leukemia, there is a decrease is hemoglobin, RBCs, and platelets.  Chronic leukemia usually presents with a different picture.


Multiple myeloma is characterized by increased production of IgG, IgA, and IgD.  There is high serum protein.  Also, there is a “spike” in the gamma region of the electrophoresis pattern.  Increased calcium and plasma cells are seen in the bone marrow and on rare occasions seen in the peripheral blood.


The most common lymphoma is Hodgkin’s disease.  The Reed-Sternberg cell is usually seen in node biopsies.  It is a B-cell disorder.  More common in males than females and usually affects people over the age of 40 years.  Characterized by painless lymph node enlargement.  Patients present with night sweats, fever, and weight loss.  


Non-Hodgkin’s lymphoma is also a B-cell disorder.  Affects older males primarily and some children.  Patients have LAD.  Can be moderately to highly aggressive.  There are many types: 1) diffuse large cell 2) precursor of B lymphoblastic leukemia/lymphoma 3) small lymphocytic lymphoma or CLL 4) Mantle cell type 5) Follicular lymphomas 6) Burkitt’s.  All of these are diagnosed by slide, bone marrow, and especially markers (immunophenotyping).   
Platelets


Platelets have a reference range of 150 – 440 x 109.  Thrombocytopenia is decreased platelets < 100,000 due to a decreased production in the bone marrow because of a defect such as congenital disorders, acquired disorders (i.e. drugs), or bone marrow replacement due to cancer or blood diseases.


Ineffective production of platelets can due to vitamin B12/folate deficiency, DiGugulielmo’s syndrome, PNH, or hereditary.


Disorders or distribution and dilation can be due to splenic pooling, hypothermia, or dilution of platelets in circulation.


Destruction of platelets is usually due to consumption.  The platelets are consumed and can no longer function properly.  Since the platelets are being consumed, you bleed as a result.  This can be a result of neoplasms, OB complication, or infections.  


An example of isolated consumption is thrombotic thrombocytopenia purpura (TTP) in which excessive deposition of platelet aggregates in renal and cerebral vessels. The PT and PTT are normal in most patients.  Fibrinogen is normal in 79% of the patients.  FDP (fibrin degradation products) will be normal in less than 53%.


Hemolytic uremic syndrome, vasculitis as seen in SLE, and DIC (disseminated intravascular coagulopathy) will produce complications of platelets.  

DIC Facts:
1) Bleeding time – increased

2) Platelet count appears decreased, 

3) PT and PTT is increased

4) Factors in coagulation that are decreased – 1, 2, 5, 8, 10, and 13

5) RBCs are broken and damaged.  

6) Patients present with stroke-like symptoms.  

7) Diffuse  

8) Clotting factors are consumed, so generalized bleeding occurs.  

9) Caused by septic shock, malignancies, liver diseases, and pregnancies

Immune Destruction of Platelets


Immunologic idiopathic thrombocytopenia purpura (ITP) is characterized by increased mean platelet volume (MPV), decreased platelet count, increased platelets in the bone marrow, and normal bleeding times.  ITP can be acute or chronic:  

Acute:

1) Children ages 2-6

2) Sudden onset

3) Usually follows a viral infection (rubella, chickenpox, or CMV)
4) Spontaneous remission in 80%

5) Platelet count usually <20,000

Chronic

1) Adults 20-40

2) Women > men

3) Slow asymptomatic onset of thrombocytopenia

4) Platelet count usually 30,000-80,000

5) Splenectomy usually recommended which decreases the number of macrophages.

Drug induce antibody formation thrombocytopenia can occur as a result of Quinidine and Heparin.

Alcohol and lymphoproliferative disorders may possibly cause destruction of platelets.


Thrombocytopenia associated with HIV is severe but rarely hemorrhagic.  Characterized by abundant megakaryocytes (precursor of platelets in bone marrow), occasional giant platelets, and no splenomegaly.


Thrombocytosis is an increase in circulating platelets, usually having >450,000/cmm.  Can be essential (Hodgkin’s disease, PV, myelofibrosis, CML, and thrombocythemia) or secondary (iron deficiency anemia, chronic inflammatory disease, or splenectomy).
Many other diseases of qualitative abnormalities:

1) Glanzmann’s – normal number but abnormal aggregation

2) Bernard-Soulier disease

Granular abnormality diseases

1) Chediak-Higashi

2) Wiskott-Aldrich

Erythrocyte Sedimentation Rate


Erythrocyte sedimentation rate is the setting of red cells in plasma n a special pipette.  Time must be one hour.

Reference range:

Males – 0-10mm/hr

Females – 0-20mm/hr


ESR is usually used to monitor an inflammatory process.  This is not specific for any one disease
Sickle Cell Screen


Sickle cell screen is a qualitative screening procedure to indicate the presence or absence of hemoglobin S.  This does not tell you how much S is present and cannot distinguish between SS disease and AS trait.  Reported as positive or negative.  If positive and if it is an unknown patient, it should be followed up hemoglobin electrophoresis to determine the type of hemoglobin present and measure each type.  Never perform electrophoresis after a patient has received a transfusion.  
Reticulocyte Count

Reference Range:

Adults – 0.5 – 2.0%

Children – 2.5 – 6.0%


Immature erythrocytes are reticulocytes and cannot be visualized on a peripheral smear.  Many automated instruments do perform a reticulocyte count if orders.  Increased numbers are due to hyperplasia and anemia.  Decreased numbers may be due to aplastic anemia.  
