                              PART II - TEACHING GUIDE

                               INTRODUCTION (5 MIN)

          ATTENTION:
How many of you rotated through the Hematology 


...........section ?  Those of you that have may find some of the material

           repetitious or even boring but hopefully you will find that some of

           this information may reinforce or clarify what you learned in the  

           section.

            Regardless, please feel free to ask questions.

MOTIVATION:
 I want you to back  in time several hundred years before l

           little was known about blood.  The world of medicine was nothing but a 

           mystery just waiting to be studied.  The study of blood could only be 

           observed by the human eye, until the invention of the microscope, 


           which opened up a whole new world to the study of blood.  Today, we


           will look at some o the basics as it relates to Hematology

           OVERVIEW:

          1c.  Describe methods, expected results, and clinical                          

               application of hematology procedures to a minimum

               of 70% accuracy.

               (1)  Blood counts (RBC, WBC, Platelet)

               (2)  Hemoglobin

               (3)  Hematocrit

               (4)  Erythrocyte Indices (MCV, MCH, MCHC)

               (5)  Erythrocyte sedimentation rate

               (6)  Reticulocyte count

               (7)  Sickle Cell testing
               (8)  Eosinophil count

               (9)  G-6-PD Screen

                                   BODY  (    MIN)

          PRESENTATION:

  Text  Page 75-85

--- TP# 3

----TP# 5

----Show Unopette

Question:  Why do you think saline is used as a diluent ?

Answer:   Isoonic- maintain osmotic pressure

---Make sure the tip of the pipette is not chipped or broke

--pH 6.8

          1c.  Describe methods, expected results, and clinical    

                 application of hematology procedures to a minimum

                 of 70% accuracy.

            (1)  Blood counts (RBC, WBC, Platelet), specimen of choice is EDTA  

                      anticoagulated whole blood
                    (a)  Unopettes                          

                         1/  RBC Unopette                          

                             a/  1.99 ml of diluting fluid

                                 1//  NaCl - diluent  (saline)

                                 2//  Sodium azide - preservative

                             b/  Capillary pipette - 10ul  (0.1 ml)

                             c/  Dilution - 1:200

                         2/  WBC and Platelet Unopette

                             a/  1.98ml of diluting fluid

                                 1//  Ammonium oxalate - fixes WBC

                                 2//  Sorensen's phosphate buffer - pH

                                 3//  Thimerosal- antibacterial agent

                                 4//  Distilled water - lyses RBC

                             b/  Capillary pipette - 20 ul

                             c/  Dilution - 1:100

                   (b)  Diluting fluids for manual pipette

                         1/  RBC diluting fluids 

                             a/  Hayem's solution

                             b/  Gower's solution

                             c/  Isotonic saline

---Show RBC pipette

--pipette TP

*

---Show WBC pipette

-Different than WBC Unopette (1:100)

--Used for phase contrast platelets

--Same as unopette

                             d/  Use of the RBC manual pipette      

                                 1//  Aspirate blood to the 0.5 mark

                                 2//  QS to the 101 mark with a diluting  

                                      fluid

                                 3//  Dilution - 1:200

                                 4//  Place on shaker for 3 min   

                        2/ WBC diluting fluids

                             a/  2% Acetic Acid

                             b/  1% Hydrochloric acid

                             c/  Turk's solution

                                 1//  Glacial acetic acid 1ml

                                 2//  Gentian Violet (Aqueous) 2ml

                                 3//  Distilled Water 97ml

                             d/  Use of the manual WBC pipette

                                 1//  Aspirate blood to the 0.5 mark

                                 2//  QS to the 11 mark with diluting

                                      fluid

                                 3//  Dilution - 1:20

                                 4//  Place on shaker for 3 min

                         3/  Platelet diluting fluid                         

                             a/  1% Ammonium oxalate

                             b/  Use RBC diluting pipette

                                 1//  Aspirate blood to the 1 mark   

                                 2//  QS to the 101 mark with diluting 

                                      fluid

                                 3//  Dilution - 1:100

                                 4//  Place on shaker for 3 min

---NEUBAUER

---Show hemacytometer TP# 7  then Grid TP

---Proper cleaning to avoid scratches, etc. (lens paper)  No lint

---RBC area  25 squares @ 0.04 mm2

---should not us regular microscope coverslip

Q:  Does everyone understand how and where this is calculated ?

DEMONSTRATE:

--ensure pipette is filled completely (blood will stop automatically)

--wipe off excess blood

--insert in reservoir-don’t touch sides

--rinse pipette

-10 min set - discard first four drops

--mix and charge to hemacytometer

--allow to settle for 3-5 minutes

--count all RBC’s lying within square and those touching center line of upper and right hand triple lines

--even distribution of cells

--indicates uneven distribution; repeat by recharging hemacytometer

                    (c)  Hemacytometer

                         1/  Two counting chambers

                             a/  Each has a 3 x 3 mm grid

                                 for a total of 9 mm

                             b/  Each grid is further subdivided to

                                 smaller squares

                         2/  Coverslip

                             a/  Optically precise

                             b/  Rests 0.1 mm above the 

                                 grid surface

                         3/  Both should meet the specifications

                             of the National Bureau of Standards

                    (d)  Counting 

                         1/  Manual count using the unopette system   

                             a/  RBC count                        

                                 1//  Fill capillary pipette with blood  

                                 2//  Mix with reservoir

                                 3//  Charge both chambers of hemacytometer

                                      a//  Let stand for 10 minutes for    
  

                                           cells to settle on one plane

                                      b//  Count the four corners and  

                                           middle square of the center  

                                           1 mm grid using high dry     

                                           objective

                                      c//  No more than 25 cell variation

                                           between the 5 squares on each  

                                           side

                                      d//  No more than 20% variation    

                                           between the two chambers for

                                           the total number of cells

--Average count on both sides

                                 4//  Area counted - 0.2  square mm

                                 5//  Same procedure is used for the     

                                      diluting pipette

                           b/  WBC Count    (Unopette)                

                                 1//  Fill capillary pipette with blood

                                 2//  Mix with reservoir

                                 3//  Let stand for 10 minutes

                                      a//  Lyses RBCs 

                                      b//  Fixes the WBCs

                                 4//  Charge both chambers of the  

                                      hemacytometer

                                      a//  Let stand for 10 minutes

                                           for cells to settle on

                                           one plane

                                      b//  Count the four corner 

                                           1 mm squares using the

                                           low power objective

                                      c//  No more than 10 cell variation

                                           between each square on one side  

                                      d//  No more than 20% variation

                                           between the two chambers for

                                           the total number of cells

                                 5//  Area counted - 4 square mm 

                                 6//  Same  counting procedure is used for the

                                      diluting pipette

                             c/  Platelet count

                                 1//  Fill the capillary pipette with blood

                                 2//  Mix with reservoir

                                 3//  Let stand for 10 minutes

                                      a//  Lyses RBCs

                                      b//  Fixes the platelets

Plts lighter, take longer to settle

--Proper adjustment of light source and fine focus (polarizer)

--TP of Coulter aperture

                                 4//  Charge both chambers of the 

                                      hemacytometer

                                      a//  Let stand for 10 minutes

                                           for cells to settle on

                                           one plane

                                      b//  Count the middle square mm

                                           of the grid using the high

                                           dry power objective

                                      c//  No more than 20% variation

                                           between the two chambers for

                                           the total number of cells

                                 5//  Area counted - 1 square mm

                                 6//  Same procedure is used for the

                                      diluting pipette

                         2/  Automated Counts     

                             a/  Electrical impedance

                                 1//  Utilizes 2 electrodes;

                                      1 internal and 1 external

                                 2//  Diluted blood is passed through

                                      an aperture

                                 3//  As cell passes through aperture

                                      there is a change in the electrical

                                      current between the 2 electrodes

                                 4//  This change produces a voltage pulse

                                 5//  The size and intensity of the voltage

                                      pulse can be used to count and size

                                      cells            

                             b/  Laser optics

                                 1//  Utilizes helium neon laser for

                                      cellular determinations

                                 2//  Makes multiple measurements on       

                                      single cells in a fluid flow

                                 3//  Consists of a flow cell which allows 

                                      the cells to pass through in a 

                                      single file

--TP# 11 

  Know formulas; know factors of formula where they come from and how to apply them

-- Know dilution factors for RBC, WBC, Plt

                                 4//  At this point laser light is broken

                                      and scattered 

                                 5//  Sensors detect this information 

                                      which is used to enumerate and 

                                      identify cells

                    (e)  Calculations

                         1/  All manual cell counts use the same basic  

                             formula

                   Cells/mm3 = Avg. # cells x depth factor x dilution factor

                                             Area counted 

                         2/  Formula Factors

                             a/  Average number of cells =

                               # cells side A + # cells side B

                                              2

                             b/  Depth factor

                                 1//  Will always equal 10

                                 2//  Accounts for the 0.1 mm distance

                                      between coverglass and grid

                                 3//  This takes the count from mm2

                                      to mm3

                             c/  Dilution factor

                                 1// total volume of dilution

                                         specimen volume

                                 2//  This formula will be the same for  

                                      unopettes and diluting pipettes

                             d/  Area counted 

                                 1//  RBC - 0.2 square mm 

                                 2//  WBC - 4 square mm

                                 3//  Platelet - 1 square mm

--TP# 12

 RBC’s counted  x  10000 =  cells/cum

--TP# 13

 WBC’s x 50 = cells/cumm

--TP# 14

 Plt’s  x 1000 = total Plt. count

--TP# 15

--Reported out in millions

--See page 79

--TP# 16

--Reported out in thousands

--See page 82

--TP# 17

-- Reported out in thousands

--See page 85

--TP# 18

-- By using unopette system sources of error are minimized

                             e/  RBC formula

                                 RBC/mm3 = Avg. # cells x 10 x 200

                                                            0.2

                             f/  WBC formula

                                 WBC/mm3 = Avg. # cells x 10 x 100

                                                      4

                             g/  Platelet formula

                                  Plt/mm3 = Avg. # cells x 10 x 100

                                                       1

                    (f)  Expected results 

                         1/  Normal values for RBC count

                             a/  Birth:          4.8 - 7.1 cells/mm3 x 10 6 

                             b/  Childhood:      3.8 - 5.4 cells/mm3 x 10 6

                             c/  Adult Females:  3.6 - 5.0 cells/mm3 x 10 6

                             d/  Adult Males:    4.2 - 5.4 cells/mm3 x 10 6

                         2/  Normal values for WBC count

                             a/  Birth:     10.0 - 25.0 cells/mm3 x 10 3

                             b/  1 Month:    7.0 - 15.0 cells/mm3 x 10 3

                             c/  1 Year:     6.0 - 15.0 cells/mm3 x 10 3

                             d/  10 Years:   4.5 - 12.0 cells/mm3 x 10 3

                             e/  Adult:      3.9 - 10.9 cells/mm3 x 10 3

                         3/  Normal values for platelet count

                             a/  150 - 450 cells/mm3 x 10 3

                  (g)  Sources of error

                         1/  Equipment

                             a/  Dirty or contaminated glassware 

                             b/  Incorrectly calibrated equipment

-- Not related specifically to unopette

-- WHY?  First drop of a capillary puncture must be wiped away (free flowing)

-- Do not squeeze puncture site to avoid tissue fluid

-- Reproducibility better

-- Not wiping away blood from tip of pipette

-- Coverslip and hemacytometer must be clean to avoid counting artifacts

                             c/  Soiled microscope objectives

                         2/  Sample

                             a/  Finger stick blood not free flowing

                             b/  Clots in anticoagulated blood

                             c/  Incorrect ratio of blood to anticoagulant

                         3/  Performance of test

                             a/  Inadequate mixing of sample

                             b/  Incorrect sample volume

                             c/  Inadequate mixing of sample and diluent

                             d/  Failure to discard first 4 drops when  

                                 charging hemacytometer

                             e/  Over or under charging the hemacytometer

                             f/  Counting and calculation errors

                               END OF DAY SUMMARY  (5 min)

          1c.  Describe methods, expected results, and clinical 

               application of hematology procedures to a minimum

               of 70%

               (1)  Blood counts (RBC, WBC, Platelet)

          ASSIGNMENT:  Page 75 - 85

                           INTRODUCTION TO DAY TWO   (5min)         

          ATTENTION:

          MOTIVATION:

          OVERVIEW:

          1c.  Describe methods, expected results, and clinical 

               application of hematology procedures to a minimum

               of 70% accuracy.

               (2)  Hemoglobin

               (3)  Hematocrit

               (4)  Erythrocyte Indices (MCV, MCH, MCHC)

TEXT pg. 86 - 99

( restated objective)

-- TP# 20

-- see Fig 3 (pg. 86)

--Heme and globin combine to make hemoglobin molecule

-- The exact order of AA is important to Hgb’s structure and function

--The substitution of one AA can result in an abnormal RBC (see hemoglobinapathies

--amount of hemoglobin in RBC’s determines oxygen carrying capacity of the blood

BODY (           min)

          PRESENTATION:

          1c.  Describe methods, expected results, and clinical

               application of hematology procedures to a minimum

               of 70% accuracy.

               (2)  Hemoglobin
                    (a)  Definition and physiology

                         1/  It is a conjugated protein present in

                             red blood cells which contains iron

                             a/  Carriers oxygen from the lungs

                                 to the tissue cells

                             b/  Carriers carbon dioxide, as 

                                 bicarbonate, from tissue cells

                                 to be exchanged in the lungs

                                 for oxygen

                         2/  Physiology

                             a/  Occupies 28% of red cell mass

                             b/  Hemoglobin molecule consists of

                                 1//  1 globulin molecule

                                      a//  2 pairs of polypeptide chains

                                      b//  Each chain has a specific 

                                           amino acid sequence

                                      c//  2 Alpha chains - 141 amino acids

                                      d//  2 Beta chains - 146 amino acids

                                 2//  4 heme molecules

                                       a//  4 protoporphyrins with one Fe++

                                           (Ferrous) atom

                                      b//  Fe++ binds reversibly with

                                           oxygen or carbon dioxide      

--TP#  21

--Page 86-87 for better explanation

--TP#  22

    Tissues  ---------------------- Lungs

  Diffuse into 

   tissues

               O2


O2


       H

            H




   O2 


                 CO2       H
          H      CO2                                        Reduced to carbonyl or carbaminyl Hgb

--Definition of cyanosis ?

--This compound can transport oxygen                          


                    (b)  Production   of Hgb     

                         1/  Heme is synthesized by NRBCs and 

                             reticulocytes

                         2/  Iron is derived from iron metabolism

                         3/  Globin is synthesized from amino acids   

                    (c)  Types of hemoglobin

                         1/  Oxyhemoglobin

                             a/  Oxygen combines loosely with 

                                 iron in the ferrous state

                             b/  Diffuses into the tissues for 

                                 the oxidative process

                             c/  Hemoglobin then binds with carbon

                                 dioxide and is reduced to carbonyl

                                 or carbaminyl hemoglobin

                         3/  Methemoglobin

                             a/  Oxidation of iron from the ferrous

                                 state to the ferric state

                             b/  Causes cyanosis because it is incapable

                                 of being oxygenated

                             c/  Reversible reaction

                                 1//  Administration of reducing agents

                                 2//  By certain enzymes

                             d/  Reductase system prevents accumulation

                                 of methemoglobin in the RBC

                             e/  Normally present at 0 -2%

--reductase deficiency

(Cyanmethemoglobin used as reference method for hgb)

--Normal levels usually 0-2% and up to 8% in smokers

--Because Hgb has greater affinity for CO than O2, the carboxyhgb is difficult to convert back to oxyhgb

--Hyperbaric chamber

--Not normal constituent of blood

--TP# 23

--Major conc. of hgb

Hgb A composed of:

           1. 2 alpha chains - 141 A.Acids

           2. 2 beta chains - 146 A.Acids

Hgb A2 composed of::

           1. 2 alpha chains

           2. 2 delta chains 


                             f/  Reasons for abnormal levels

                                 1//  Reducing enzyme system defect

                                 2//  Hereditary globin abnormality

                                 3//  Drug exposure such as:  

                                      aniline dyes and nitrates

                             g/  Intermediate product of the classical

                                 cyanmethemoglobin method for the 

                                 determination of total hemoglobin

                         3/  Carboxyhemoglobin

                             a/  Carbon monoxide combines with hemoglobin

                             b/  Carbon monoxide has more than 200 times
                                 greater affinity for hemoglobin than

                                 oxygen does

                             c/  Incapable of transporting oxygen but is

                                 reversible  (but difficult to convert) 

                         4/  Sulfhemoglobin

          

       Results from

                             a/  Inorganic sulfur combines with hemoglobin

          
  

      sulfides


                             b/  Incapable of oxygen transport       

                             c/  Irreversible reaction

                             d/  Caused by excessive use of certain drugs

                                 1//  Aniline dyes

                                 2//  Acetanalid

                                 3//  Sulfonamide

                    (d)  Hemoglobin abnormalities

                         1/  Normal adult hemoglobin

                             a/  Hgb A - 95% - 98%

          




          % of total adult hgb

                             b/  Hgb A2 - 1.5% - 3.0%

Hgb F

--70% conc. in newborns

--<2% Hgb F Normal in adult

Hgb F is composed of:

          1.  2 alpha chains

          2.  2 gamma chains

--Disorder in which the production of normal adult hgb is partially or completely suppressed or partially or completely replaced by production of one or more variant hgbs

--TP# 24


Sickle cell disease

--Hgb S decreased solubility

--Inherited autosomal dominate disorder and is in homozygous form Hb SS


Sickle cell trait

--heterozygote state Hb AS ;9% of American black population

--Hgb A acts as protective mechanism


       Hgb C

--Inherited autosomal recessive trait and is in homozygous for Hb CC


    Hgb C trait

--heterozygote state Hb AC is usually asymptomatic

                         2/  Fetal hemoglobin

                             a/  Found in high concentrations

                                 during fetal life and at birth

                             b/  Has a greater affinity for oxygen         

                                 making it the most efficient for

                                 carrying oxygen

                             c/  Rapidly disappears after birth to

                                 less than 2% by 2 years of age

                         3/  Hemoglobinopathies

                             a/  Sickle cell hemoglobin - Hgb S

                                 1//  Most common and severe

                                      hemoglobinopathy             

                                 2//  Amino acid glutamic acid is

                                      replaced by the amino acid 

                                      valine on one of the beta chains

                                 3//  Reduced oxygen tension due to 

                                      acidosis or dehydration causes

                                      the cell to sickle

                                      a//  Hgb S molecule polymerizes

                                           forming a tactoid structure 

                                      b//  These forms stack in the RBC

                                           until it is torn apart

                                      c//  This produces the classical

                                           sickle cell on the peripheral

                                           smear (esp. when pt is in crisis)

                             b/  Hemoglobin C

                                 1//  Second most encountered hemoglobin

                                      variant in the US

                                 2//  Amino acid glutamic acid is 

                                      replaced by the amino acid lysine

                                      on one of the beta chains

--To differentiate the Hb C diagnosis - hgb electrophoresis

--known as “Cooley’s anemia” or “Mediterranean anemia”

--primary importance are beta or alpha

--Thal. Major is most severe form

--alpha thal= incompatible with life

--accumulation of unaffected globin chain  in RBC form

Ex: Beta Thal major - decrease Beta chain synthesis accumulation of alpha chain

  Alpha chain not balanced to combine w/ beta chain to form normal Hgb A

-- and causes iron overload-iron deposits in body tissues

Associated with Cooley’s anemia (Thal major)

-- Increased Hgb F and no Hgb A

-- Increased aniso and poik

--See page  94

                                3//  Peripheral smear

                                      a//  Target cells

                                      b//  Polychromasia

                                     c//  Spherocytes

                                      d//  Folded cells

                                      e//  Hemoglobin C crystal

                             c/  Thalassemias

                                 1//  Defect in the synthesis of one

                                      or more chains in the hemoglobin

                                 2//  Decrease synthesis of one chain

                                      causes:

                                      a//  Reduction of hemoglobin demonstrated by: 

                                           hypochromic, microcytic RBCs

                                      b//  Unbalanced production of 

                                           globin chain forms aggregates

                                           (Heinz bodies) in the cell

                                      c//  This increases the destruction

                                           of the cell - hemolytic anemia

                                 3//  Alpha - thalassemia        

                                      a//  Mild hypochromic anemia

                                      b//  Hgb concentration 10 - 12 mg/dl

                                      c//  RBC count normal or increased

                                 4//  B - thalassemia

                                      a//  RBC count low, normal, or high

                                      b//  MCV - 55 - 65 fl but not 

                                           greater than 75 fl

                                      c//  MCH - low

                                      d//  Hypochromic, target, tear drop 

                                           cells, schistocytes and 

                                           basophilic stippling

--TP# 25

--known as Hb D Punjab, Hb D Los Angeles, Hb D Cyprus and Hd Portugal

Hb D -same electrophoresis pattern as sickle cell trait but a negative sickledex

-- DX: presence of Hb S and Hb D on citrate agar electrophoresis

--TP # 26

--Hb conc. is directly proportional to O2 combining capacity of blood

--Ref. method (method of choice)

--employed by most hemo analyzers

--This procedure is used mostly by the Blood Bank to screen possible donors

                             d/  Other hemoglobin abnormalities

                                 1//  Hgb D

                                 2//  Hgb SD

                                 3//  Hgb E

                                 4//  Hgb O Arab

                                 5//  Hgb G Philadelphia

                    (e)  Measurement of hemoglobin

                         1/  Methodology

                             a/  Colorimetric

                                 1//  Measures colored derivative of 

                                      Hgb - Cyanmethemoglobin

                                 2//  Spectrophotometric techniques

                                      most commonly used

                             b/  Gasometric

                                 1//  Specific color pattern formed when

                                      passed through a gas chromatograph

                                 2//  Rarely performed in the clinical             

                                      laboratory

                             c/  Specific gravity (gravimetric)

                                 1//  Drop of blood is dropped into a 

                                      copper sulfate solution

                                 2//  Solution has a predetermined specific

                                      gravity for a certain concentration

                                      of hemoglobin

                                 3//  If blood has higher specific gravity

                                      it will sink in 15 seconds

                                 4//  If blood has lower specific gravity

                                      will not sink after 15 seconds

--measures quantitative amount of hgb

-- toward the + pole

--process is dependent on pH, ionic strength, voltage and medium

--TP# 27

--This is the method of choice and has been aproved internationally as the approved reference method for hgb measurement


Know Principle

                             d/  Chemical

                                 1//  Measures the iron content of whole  

                                      blood after iron   is separated from hgb by acid

                                 2//  The amount of non-hemoglobin iron in 

                                      the blood is negligible compared

                                      to hemoglobin iron

                             e/  Electrophoresis

                                 1//  In an electrical field, various  

                                      hemoglobin molecules will migrate 

                                      at different rates 

                                 2//  This permits separation, 

                                        identification and quantitation  of hgb present

                         2/  Cyanmethemoglobin method

                             a/  Drabkins reagent

                                 1//  Potassium ferricyanide - oxidizes

                                      hemoglobin iron from the ferrous 

                                      state to the ferric state -

                                      methemoglobin

                                 2//  Potassium cyanide -  combines with

                                      with methemoglobin to form

                                      cyanmethemoglobin, a measurable

                                      color pigment

                                 3//  Dihydrogen potassium phosphate or

                                      sodium bicarbonate

                                      a//  Aids in RBC lysis

                                      b//  Decreases turbidity due to 

                                           lipoproteins

                             b/  Principle

                                 1//  In an alkaline medium, potassium

                                      ferricyanide oxidizes hemoglobin

                                      to methemoglobin

                                 2//  Methemoglobin reacts with potassium

                                      cyanide to form cyanmethemoglobin

--doesn’t measure sulfhemoglobin

--TP# 28

--See page 97

--TP# 29 

--Be familiar with Sources of Error

                                 3//  This results in a stable color  

                                      pigment which can be read

                                      spectrophotometrically

                                 4//  This procedure will measure all

                                      forms of hemoglobin except

                                      sulfhemoglobin   

                             c/  Expected results

                                 1//  Birth:         13.6 - 19.6 g/dl

                                 2//  1 month:        9.5 - 12.5 g/dl

                                 3//  1 year:        11.0 - 13.0 g/dl

                                 4//  10 years:      11.5 - 14.8 g/dl

                                 5//  Adult female:  11.0 - 16.3 g/dl

                                 6//  Adult male:    13.0 - 18.2 g/dl

                             d/  Sources of error

                                 1//  Poorly mixed specimen

                                 2//  Inaccurate pipetting technique

                                 3//  Drabkins reagent light labile -

                                      store in dark bottle

                                 4//  Spectrophotometer must be calibrated

                                      and set on correct wavelength 

                                 5//  Heavy smokers have lower measurable

                                      hemoglobin due to carboxyhemoglobin     

                                 6//  Incubation time, minimum of 15 minutes

                                 7//  Turbidity

                                      a//  Increased WBC count

                                      b//  Hgb S and Hgb C

                                      c//  Abnormal globulin

                                      d//  Lipemic blood

                                      e//  All will result in a falsely

                                           elevated hemoglobin result

--TP# 32

 
PCV = Hct

--TP# 33

--the 5 mins - varies

--achieve instrument constant packing time

--usually don’t  correlate manual hct with automated hct

                             e/  Precautions

                                 1//  Never pipette by mouth

                                 2//  Drabkins solution is poisonous

                                      avoid inhalation of fumes

                                 3//  Dispose of reagent and sample in

                                      sink with running water

               (3)  Hematocrit 

                    (a)  Definition and Principle

                         1/  Ratio of packed cell volume of RBCs

                             to whole blood       

                         2/  Principle

                             a/  Anticoagulated whole blood is centrifuged

                             b/  RBCs forced to the bottom

                             c/  Other cells and plasma on top

                             d/  Percentage of PCV to whole blood

                                 is determined and expressed in

                                 vol. %

                    (b)  Method

                         1/  Microhematocrit

                             a/  Anticoagulant blood in a capillary

                                 pipette is centrifuged for 5 minutes

                                 at 10,000 rpms

                             b/  Using a special reader the PCV to   

                                 whole blood ratio is determined

                             c/  Sample will be ran in duplicate

                         2/  Automated calculation
                             a/  Based on two parameters  

                                 1//  Sizing of red cell - MCV

                                 2//  Hemoglobin

                             b/  Lower than spun hematocrit because

                                 plasma trapping is eliminated

--TP#  34

--partly filled EDTA tube will falsely decrease Hct

5/ Falsely elevated results due to reduced RPM’s bec. of worn centrifuge brushes or insufficient centrifugation time

-- which results to loss of red  blood cells during centrifugation

--TP# 35

-- See pg. 99

--TP# 38

--See pg. 99-116


MVC = microcyte


MCHC = hyperchromia


Coulter XB

--or population change


                    (c)  Sources of error

                         1/  Blood to anticoagulant ratio

                         2/  Including buffy coat in determination

                         3/  Difficult venipunctures which introduces

                             interstitial fluid, clot formation 

                             or hemolysis

                         4/  Improper sealing of capillary tube

                    (d)  Expected results

                         1/  Birth:         40.0 - 64.0 %

                         2/  1 month:       25.6 - 42.7 %

                         3/  1 year:        27.0 - 45.0 %

                         4/  10 years:      33.1 - 48.4 %

                         5/  Adult female:  33.0 - 47.0 %

                         6/  Adult male:    36.5 - 52.0 %    

               (4)  Erythrocyte Indices (MCV, MCH, MCHC)
                    (a)  Definitions and principle

                         1/  Definition:  Calculations used to determine 

                             the average volume (MCV), hemoglobin mass   

                             (MCH), and hemoglobin concentration (MCHC) 

                             red cells

                         2/  Principle

                             a/  Aid in the evaluation of RBC

                                 morphology on peripheral smears 

                             b/  Classify anemias based on morphological

                                 characteristics of RBCs

                             c/  Calculated indices should correlate

                                 with peripheral smear to determine 

                                 technician or equipment error

--TP#  39

-- Correction on page 100 - shld. be 10 not 1000

--TP# 40

--TP# 41

--TP#  42

  KNOW FORMULAS AND UNITS

--TP# 43

                    (b)  Method of calculation

                         1/  MCV fl = Hct x 10

                                          RBC

                             a/  Correlates with the size of the RBC

                             b/  Indicates whether the cells are 

                                 normocytic, microcytic, macrocytic

                         2/  MCH pg. = Hgb x 10

                                           RBC

                             a/  Correlates with the MCV and MCHC

                             b/  Example:  A microcyte will have a low

                                 MCV so the mass of hemoglobin will be low

                         3/  MCHC % = Hgb x 100

                                           Hct

                             a/  Correlates with the central zone of pallor

                             b/  Indicates whether cells are

                                 normochromic, hypochromic, spherocytic

                    (c)  Expected results

                         1/  MCV:  75 - 100 fl

                         2/  MCH:  27 - 35 pg

                         3/  MCHC: 31 - 37 %

                    (d)  Sources of error

                         1/  Hemolyzed, lipemic, and icteric specimens

                             will falsely elevated hemoglobin

                         2/  Increased WBC count will falsely elevate

                             the RBC count and hemoglobin due to turbidity

                         3/  Cold agglutinins and rouleaux will decrease  

                             the RBC count and increase the hemoglobin

                              END OF DAY SUMMARY  (5 min)

          SUMMARY:

          1c.  Describe methods, expected results, and clinical

               application of hematology procedures to a minimum

               of 70% accuracy

               (2)  Hemoglobin

               (3)  Hematocrit

               (4)  Erythrocyte Indices (MCV, MCH, MCHC)

          ASSIGNMENT:  Pages 99 - 116

                         INTRODUCTION TO DAY THREE  (1 min)

          ATTENTION: Any questions from yesterdays lecture?  So far we’ve looked at some of the basics in hematology.

          MOTIVATION:  Now  let’s talk about some of the other common tests performed in hematology to help the physician determine a diagnosis while correlating with other results.

          OVERVIEW:

          1c.  Describe methods, expected results, and clinical

               application of hematology procedures to a minimum

               of 70% accuracy

               (5)  Erythrocyte sedimentation rate

               (6)  Reticulocyte count

               (7)  Sickle Cell testing

               (8)  Eosinophil count

               (9)  G-6-PD Screen

--TP# 45

--ESR is a non-specific screening procedure used to determine the overall health of a individual

--Test must be performed within  2 hours of collection

--TP# 46

--Automated ESR test:  Mini-ves

BODY (           min)

          PRESENTATION:

          1c.  Describe methods, expected results, and clinical

               application of hematology procedures to a minimum

               of 70% accuracy.

               (5)  Erythrocyte sedimentation rate (ESR)
                    (a)  Definition and principle

                         1/  Definition:  Measures the rate of settling

                             erythrocytes in their native anticoagulated

                             plasma                 

                         2/  Principle:  The distance that the RBCs fall

                             within a given interval of time is measured

                    (b)  Methods

                         1/  Wintrobe

                             a/  Ensure sample is well mixed

                             b/  Blood is placed in a Wintrobe tube

                                 using a 9" pasteur pipette

                             c/  Place filled tube in the vertical

                                 position, undisturbed for 1 hour

                             d/  Report the number of mm that the

                                 cells have settled in 1 hour

                         2/  Westergren

                             a/  Pipette 0.24 ml (lower mark) of fresh

                                 saline into the reservoir

                             b/  Pipette 0.96 ml (upper mark) of well

                                 mixed whole blood into the reservoir

                             c/  Gently insert plastic ESR tube using

                                 a twisting motion

                             d/  Adjust blood level to zero mark

                             e/  Allow to sit in vertical position for 

                                 1 hour

                             f/  Report out results in mm/hr

--TP# 47

--TP# 48


Sources of Error

--ESR Increased in toxemia, RA infection, tissue destruction

---ESR decreased in sickle cell anemias, polycythemia, drugs

--Rouleaux formation on smear can also cause increase ESR

                    (c)  Expected results

                         1/  Wintrobe

                             a/  Males:   0 - 7 mm/hr

                             b/  Females: 0 - 15 mm/hr

                         2/  Westergren

                             a/  Males:   0 - 10 mm/hr

                             b/  Females: 0 - 20 mm/hr

                    (d)  Sources of error

                         1/  Plasma factors - most important

                             a/  Abnormal plasma proteins

                             b/  Increased concentration of plasma

                                 proteins will increase the ESR

                         2/  Red cell factors

                             a/  Size

                                 1//  Macrocytes fall faster

                                 2//  Microcytes fall slower

                             b/  Shape - bizarre/abnormal shapes fall   

                                 slower

                         3/  Hematocrit - must correct for low values

                         4/  Mechanical and technical factors

                             a/  Specimen not properly mixed

                             b/  Must be performed within 2 hours

                                 after collection

                             c/  Improper blood to anticoagulant ratio

                             d/  Tube not vertical, 3oC variant 

                                 changes result by 30%

                             e/  Increase in temperature, increased ESR

                             f/  Reading after 60 minutes

--TP# 51

--As the RBC matures, the ribonucleoprotein is lost

--In event of blood loss due to hemorrhage or hemolytic process- bone marrow will release immature retics

-- i.e. test used as an index to determine bone marrow response and RBC production

--retic enumeration - detects increase RBC production

--retics appear as a green-bluish thread-like “network”

--There is a   new technology of retic on the STKS/MAXM by Coulter (uses different stains)

--TP# 52

--use of Miller disc for standardization

--TP# 53

Another formula:



# Retics x 100 =   %


   1000

--TP# 54

               (6)  Reticulocyte count
                    (a)  Definition and principle

                         1/  Definition

                             a/  Reticulocyte is a slightly immature

                                 RBC that still retains traces of 

                                 nuclear reticulum (RNA)

                             b/  The percentage of retics to fully  

                                 mature RBCs is a good indicator of 

                                 red marrow activity

                         2/  Principle

                             a/  Non-nucleated immature RBCs retain      

                                 traces of basophilic substances       

                             b/  With a supravital stain, this                    

                                 substance appears as chain-like

                                 reticulum                

                    (b)  Method

                         1/  Mix equal amounts of New Methylene

                             Blue (supravital) stain and well

                             mixed anticoagulated blood

                         2/  Allow to stand for 15 minutes

                             at room temp

                         3/  Remix sample and prepare a smear

                             on a clean glass slide

                         4/  Count the amount of retics in 5

                             fields of 200 cells using the

                             oil immersion objective

                         5/  Calculation:

                             Retics % = retics per 1000 RBCs
                                                  10

                    (c)  Expected results

                         1/  Adult:    0.5 - 1.5 %

                         2/  Infants:  2.0 - 6.0 %

                    (d)  Sources of error

(>/< 1000 RBC’s counted)

--TP# 56


KNOW PRINCIPLE

--sodium metabisulfite is reducing  agent

--Qualitative test

--TP# 57

--Pos and Neg Control must be performed when performing the sickledex test

--Positive sickledex must have a confirmatory test-Hgb electrophoresis

--TP (solubility test)

                         1/  Total RBCs evaluated less than or

                             greater than 1000

                         2/  Failure to remix  stained mixture after incubation

                         3/  Use of heparinized whole blood will

                             cause poor staining of reticulocytes

                         4/  Counting RBCs with refractile area 

                         5/  Confusion with RBC inclusions

                             a/  Heinz bodies

                             b/  Pappenheimer bodies

               (7)  Sickle Cell Testing
                    (a)  Definition and principle

                         1/  Definition - Sickle cell anemia is a disorder

                             caused by the presence of hemoglobin S

                         2/  Principle                              

                             a/  RBCs are lysed by saponin                  

                             b/  Hemoglobin is reduced by dithionite

                                 in a phosphate buffer

                             c/  Reduced hemoglobin S has low   solubility
                                 which forms crystals and turbidity

                                 results 

                    (b)  Methods

                         1/  Solubility - Dithionite Tube Test

                             a/  Place 2 ml of Dithionite reagent

                                 in a 12 x 75 test tube

                             b/  Add 20 ul of well mixed 

                                 anticoagulated blood

                             c/  Mix and allow to stand at room

                                 temperature for 5 minutes

                             d/  Solution clear - negative,

                                 Solution turbid - positive

--Quantitative test

--definitive test for the diagnosis of sickle cell disease as well as other hemoglobinathies

-- (+)  charged end

--migration  patterns

--(-) least to (+) greatest

--Hgb E electrophoresis TP

--TP# 58

Hgb C migrates same as A2

                         2/  Electrophoresis - confirmatory          

                             a/  Normal and abnormal hemoglobin’s

                                 will migrate at different speeds

                                 at a pH of 8.4 - 8.6

                             b/  On cellulose acetate the hemoglobin

                                 will migrate towards the anode 

                             c/  During migration the various

                                 hemoglobin will separate due

                                 to their different electrical 

                                 charges           

                             d/  Order of migration from cathode (-)

                                 to anode (+) is: A2, S, F and A

                    (c)  Sources of error

                         1/  Dithionite tube test

                             a/  False positives                           

                                 1//  Hemoglobin C and Hemoglobin Bart

                                 2//  Polycythemia, hyperlipidemia and  

                                      dysglobinemia

                             b/  False negatives                                  

                                 1//  Outdated reagents

                                 2//  Recent transfusion o normal blood

                                 3//  Severe anemic patients

                                 4//  Cord blood

                         2/  Electrophoresis

                             a/  Hemoglobin D Punjab migrates identically

                                 with hemoglobin S to differentiate use

                                 citrate agar electrophoresis



b/  Hemoglobin C migrates identically to 



    hemoglobin A2 to differentiate


    change pH

--Cushing’s disease

--TP# 61

-- WBC count  x   Eosin count on differential

               (8)  Eosinophil count

                    (a)  Definition and principle

                         1/  Definition

                             a/  Eosinophils are WBCs that in certain 

                                 disease states will either be increased

                                 or decreased

                             b/  Increase

                                 1//  Allergic reaction

                                 2//  Parasitic infections

                                 3//  Brucellosis

                                 4//  Certain leukemias

                             c/  Decrease

                                 1//  Hyperadrenalism

                                 2//  Shock

                                 3//  Administration of ACTH

                         2/  Principle

                             a/  Anticoagulated blood is added to is added

                                 to a diluent - Pilots solution

                             b/  Phloxine B will selectively stain the 

                                 Eosinophils red

                             c/  Distilled water and propylene glycol

                                 will lyse the RBC

                    (b)  Methods

                         1/  Indirect method

                             a/  Calculate the absolute eosinophil count

                             b/  White blood count multiplied by the 

                                 percent of eosinphils counted on the

                                 differential

 Question:

     What is the general formula for manual

      counts ?

--TP# 62

--TP# 63

--book has 50-400 cells/mm 3 (absolute count)

--TP# 64

                         2/  Direct method

                             a/  25 ul of whole is mixed in the         

                                 unopette reservoir containing phloxine B

                             b/  Let stand at room temperature for 10                        

                                 minutes

                             c/  Discard 3 - 4 drops and charge both

                                 chambers of the hemacytometer

                             d/  Allow to stand for 10 minutes, letting

                                 cells settle to one plane

                             e/  Count the number of eosinophils in both 

                                 chambers

                             f/  Calculation

                                 Eos mm3 = Avg. # cells x 10 x 32
                                                             9

                    (c)  Expected results

                         1/  Adult:        0 - 450 mm3

                         2/  Newborn:     20 - 850 mm3

                         3/  1 year:      50 - 700 mm3

                    (d)  Sources of error

                         1/  Inadequate filling of capillary pipette

                         2/  Not mixing unopette prior to charging

                         3/  Failure to discard 3 - 4 drops prior to

                             charging

                         4/  Overfilling/underfilling the counting chambers

                         5/  Counting and calculation errors

--TP# 66

--Glucose -6 phosphate dehydrogenase (G6PD)

    In  G6PD deficiency :

--affected person susceptible to drug induced anemia

--a sex linked inherited trait

--Heinz body inclusions (see testing below)

--See pg. 113-114

--TP# 67

--See pg. 115

               (9)  G-6-PD Screen
                    (a)  Definition and principle

                         1/  Definition

                             a/  RBC enzyme that catalyzes the initial step

                                 of the pentose monophosphate shunt

                             b/  This enzyme helps to protect the red cell

                                 against oxidizing agents

                             c/  Individuals are usually asymptomatic

                                 unless exposed to oxidant drugs
                             d/  Most common enzymopathy

                             e/  Transmitted by a sex-linked gene (x)
                                 of intermediate dominance

                         2/  Principle

                             a/  RBCs containing G-6-PD are mixed  

                                 with glucose-6-phosphate (G-6-P)  

                                 and NADP (Nicotinamide adenine 

                                 dinucleotide phosphate)

                             b/  G-6-P will be oxidized to 

                                 6 - phosphogluconate (6 - PG.)           

                             c/  NADP will be reduced to NADPH

                             d/  This activity can be measured

                                 colorimetrically or by fluorescence

                    (b)  Methods

                         1/  Glutathione instability (Heinz Body) test

                             a/  Mix 0.1 ml of blood with 2.0 ml of

                                 0.1% acetylphenylhydrazine

                             b/  Mix and aerate 

                             c/  Place in 37o water bath for 2 hours

                             d/  Repeat the mixing/aeration and reincubate

                                 for 2 more hours

--Normal individuals will contain less than 30% with 5 or more Heinz bodies.  Pt. with partial lack of G6PD, more than 40% of the RBC’s will show 5 or more.

--Splenectomy can increase the # of Heinz bodies. A normal control blood shld be run in parallel.

-- See pg. 114-115

--TP# 68

--See pg. 115

                             e/  Place a drop of crystal violet solution

                                 on a clean glass slide and add a drop

                                 of mixed incubated solution and coverslip

                             f/  Count the percentage of cells containing

                                 five or more Heinz bodies  

                         2/  Glucose-6-Phosphate Dehydrogenase Test

                             a/  Pipette 0.2 ml of G-6-PDH into a 

                                 12 x 75 test tube

                             b/  Add 10 ul of sample to tube

                             c/  Place 1 drop of solution on filter

                                 paper labeled 0

                             d/  Incubate solution for 5 minutes in a

                                 37o water bath 

                             e/  Place 1 drop of incubated solution

                                 on filter paper labeled 5 minutes

                             f/  Reincubate for 5 minutes

                             g/  Place 1 drop of the reincubated solution

                                 on filter paper labeled 10 minutes

                             h/  Allow sample applications to dry

                             i/  Place filter paper under a long-wave

                                 ultraviolet light and observe for

                                 fluorescence

                    (c)  Expected Results

                         1/  There should be little or no fluorescence

                             at the 0 time

                         2/  G-6-PD activity is indicated by maximum 

                             fluorescence at 10 minutes

                         3/  If there is little or no fluorescence at

                             10 minutes there is a gross G-6-PD

                             deficiency

--TP# 69

                    (d)  Sources of error

                         1/  Specimens must be stored properly

                         2/  No fluorescence will be seen if filter

                             is still moist

                         3/  Deterioration of G-6-PD solution

                         4/  Excess of reticulocytes, white cells 

                             or platelets

          APPLICATION:

          
1.  Cell count worksheet


2.  Indices exercise

          EVALUATION:

    
QUIZ- Hemo #2

                                  CONCLUSION (5 min)

          SUMMARY:


TP# 70





          1c.  Describe methods, expected results, and clinical

               application of hematology procedures to a minimum

               of 70% accuracy.

               (1)  Blood counts (RBC, WBC, Platelets)

               (2)  Hemoglobin

               (3)  Hematocrit

               (4)  Erythrocyte Indices (MCV, MCH, MCHC)

               (5)  Erythrocyte sedimentation rate

               (6)  Reticulocyte count

               (7)  Sickle Cell testing

               (8)  Eosinophil count

               (9)  G-6-PD

          REMOTIVATION:

          
With this information, you should now have a clearer understanding of how these tests relate to some hematological disorders and disease states.

           ASSIGNMENT:


Finish reading all pertaining sections if not already done

