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I.  
Principle:

    
Platelets participate in hemostasis by forming aggregates on the vessel

   
wall at the site of injury.  Platelet ADP and Thromboxane A2 contribute to this                

    
aggregation.  The process can be duplicated in vitro by adding reagents such as 

    
collagen,  ADP,  epinephrine, ristocetin,  and arachidonic acid to the platelet rich 

    
plasma (PRP).  These agents then cause release of the endogenous ADP and 

    
thromboxane. The resulting in vitro aggregations can then be measured optically.

II.   
Specimen:

      
The collection, handling, and preparation of patient’s platelets for testing is critical for 

     
optimum results. Venous blood is collected into a siliconized butterfly needle

     
and plastic syringe immediately prior to testing and making a 9 to 1, blood to

     
anticoagulant (3.2 g% Na Citrate) mixture. All specimen collection, handling, and 

     
processing must be done in plastic with avoidance of agitation of the specimen. Platelet 

     rich plasma (PRP) is prepared by gentle centrifugation  (1000 RPM) of the citrate   anticoagulated specimen and adjustment of the PRP to 300,000. The higher the PRP count, the more response the platelets have to activators. Although the PRP count is usually higher than the platelet count in the blood from which it was prepared, aggregation becomes unreliable when the PRP is less than 200,000, meaning the patient’s whole blood platelet count must be over 100,000. Patients with platelet counts >100,000 are rejected for platelet aggregation. Test must be performed within 2 hours of collection.

III.   
Patient Preparation:
Platelet aggregation is a scheduled test (tues and thurs).  Complete the patient’s platelet  aggregation  scheduling form at the time of scheduling.  The  patient should be instructed to refrain from taking any prescribed or over the counter drugs including herbals and topical pain relief medications which affect platelet function for ten to fourteen  days prior to testing and foods (garlic, spicy, onions) 2 days prior to testing.  If patient is taking medication that affects platelet function, the patient will need to be scheduled at least 14 days after medication stopped. Ideally patient should be free of all medication (prescribed, OTC, herbals and folk remedies). If the physician feels that the medication cannot be stopped, and it is a know platelet antagonist inform physician it will affect test results.

       

Registration:

        
Adult outpatients:

Patients registered and drawn in the Smilow phlebotomy lab 4th floor Smilow (Debbie 200-2390) Call or fax schedule reminder to Debbie the day before patient scheduled to alert her aggregation scheduled.

       
Pediatric outpatients:
 Register in the Children’s Hospital, then drawn by Pediatric Specialty Clinic on the second Floor WP.  Fax appointment information to Pediatric Clinic no later than day before appointment.
IV.   
Required Materials:
      
A.  Blood collection tubes:
             Sodium citrate (2 blue tubes, 1 for PFA and 1 for coags unless assays ordered)
             EDTA (1 lavender tube)
             Platelet aggregation tube (polycarbonate tube with 2 cc 3.2 sodium citrate)

      
B.  Reagents

             Ristocetin (American Biochem Cal & Pharmaceutical Ltd.)

             Epinephrine (Hospital stock, 1:1000)

             ADP (Sigma Co.)

             Collagen (Bio-Data)

             Arachidonic Acid (Bio-Data)

      
C.   Equipment

              4 Channel aggregometer  (Chrono-Log)

              50 ml. polycarbonate tubes

              Computer software (Chrono-Log)

              cuvettes and magnetic stir bars

              12 x 75 plastic tubes

              Gilson pipettes and tips
              chart paper

              distilled water

              parafilm       

V.  
Collection of Specimens:
       
2 blue tubes Sodium citrate (for PT,  PTT, PFA100) freeze remainder of plasma
       
Sodium citrate in polycarbonate tube for aggregation;

       
2 cc. of 3.24% Na cit,  18 cc. of blood or multiple of 1(9 dilution

            EDTA tube (for CBC, platelet count, smear for platelet morphology), 3 cc. minimum

            Any other tubes for additional test requested to be drawn with aggregation.

            Verifynow  (aspirin) tube filled to fill mark

· Perform venipuncture using 21g butterfly and plastic syringe.

· Remove butterfly and dispense blood:

      18 cc. into aggregation tube

      3 to 4 cc. into 4.5 ml. Na citrate tube 
      3 cc. into EDTA tube

            Gently invert tubes to mix anticoagulant and blood. Platelets must be tested less than 2
            hours from collection time.
VI.     Preparation of Platelet Aggregation Specimen:
  A.  Centrifuge specimen ( use the platelet aggregation collection tube) 10 minutes at 1000  

 rpm in order to obtain platelet- rich plasma (PRP).  PRP has a ground glass appearance.
  B.  Transfer PRP to 2-3 plastic 12x75 tubes and cover with parafilm.
  C.  Transfer remainder of specimen into 2 plastic 12x75 tubes in order to obtain platelet-  

         poor plasma (PPP).
D. Centrifuge for 5 minutes at 3000 rpm (patients with elevated platelet counts must        

              be  spun for 15 minutes to assure platelet- free PPP).

    E.  Transfer PPP to plastic 12x75 tubes.

    F.   Perform platelet count on PRP (use the PLTi count) and adjust PRP count to 300,000   

          with PPP.  Test can be performed with PRP counts less than 300,000 but results may be 

          uninterpretable if abnormal.

          How to adjust PRP to 300,000 (if PRP count is over 300,000):
                    actual PRP count x 3 ml. = 3 ml. + #ml. PPP to be added     

                                     300,000
                    example:   600,000 x 3 = 3 + PPP
                                     300,000
                              6 = 3 + PPP = 3 ml. PPP
             Note:  PRP (diluted or undiluted) must equilibrate 30 minutes at room temperature  before testing.
VII.    Preparation of Stock and Working Reagents:
               A. Ristocetin stored RT stable within expiration date
                    Reconstitute vial  (100 mg)  with 4 ml. distilled water yielding  working concentration  

                    of 25 mg/ml,  stable 7days at 2-8 (C.
                    Make a 1:4 dilution of the working concentration to test for Von  Willebrand (VWD)  

                    type IIB.

B. Collagen (Bio-Data Co.)
  Reconstitute vial with 0.5 ml. distilled water yielding a working concentration of 1.9 mg/ml.  Reagent is stable for 7 days in refrigerator.
   C. Arachidonic Acid (Bio-Data Co.)
         Reconstitute vial with 0.5 ml. distilled water yielding a working concentration of 5   

         mg./ml.  Reagent is stable for 7 days at 2-8( C refrigeration.

        D. Epinephrine (Stock bottle from Hospital Pharmacy, 1:1000 dilution)
             Store at room temperature.  Verify stock bottle within expiration date. Open Stock reagent stability 

             within 6 months of open date.
             For the working reagent, make the following dilutions:    
                  0.05 ml. stock (1:1000) epinephrine + 1.35 ml. saline = 200uM  dilution 

                               (final test  concentration 10uM)
                  0.2 ml. of 200 uM + 0.2 ml. saline = 100 uM working solution  of epinephrine
                              (final test concentration 5uM)

        E. ADP (Sigma Co,):
             Directions for making the stock dilution:
                Stock 4000 uM ADP =                                                                                                                          

               Molecular weight on bottle of ADP x 4 =   ______  mg ADP/ 10 ml. distilled water

                                    100                                                                                                                                                                                             
             Dispense stock in 0.1 ml. into plastic tubes, cap, and store at   -70(C.  Stable for 6  

             months. Date the bag in which the tubes are stored. Test this ADP and currently used        

             ADP in parallel.  Remake ADP if >10% discrepancy of amplitude of aggregation.

                     For the working solution,   make following dilutions:

                     0.1 ml. 4000 uM ADP + 1.9 ml. saline = 200 uM ADP dilution

                     1.0 ml. of 200 uM ADP dilution + 1.0 ml. saline = 100 uM  ADP dilution
                                   (final test concentration 5uM)
                     0.3m.l of 100 uM ADP dilution + 0.2 ml. saline =   60uM working dilution of ADP

                                    (final test concentration 3uM) 
                     0.2 ml. of 100 uM ADP dilution + 0.3 ml. saline = 40 uM working dilution of ADP.

                                      (final test concentration 2uM)

               F. 3.24% Sodium citrate (Na cit): 3.24 grams Na citrate + 100 ml.  

                  distilled water.  Store at room temperature.  Expiration 2 months from date made.
VIII.  Preparation of Aggregometer:
              A.  Turn on power switches of both units of 4-channel aggregometer.  Allow them to   
                    warm to 37(C( 2(C, approximately 20 minutes (record temperature on log:do not used 

                    channel if temperature not as specified and record problem). If the 
                     computer hard drive is off, press power button. Stirrer switch should be “ON”. Baseline 
                     switches should  point to “1” in order to utilize one PPP for 100% baseline.
         B.  On computer screen:
               1. access set-up page select
                   a.  Chrono-Log   
                   b.  Aggro-Link   
                   c.  Aggregometer   
                   d.  Test Procedure 
             2. At “Procedure Name” access RIS,ARACH,ADP2,EPI5 selection. When 
                 testing the other agonists, choose the “Coll,Ristx4,Collx2,Collx3” selection (you can 

                 create a new panel of agonists, if desired)
             3. Next verify the following settings: 
                 a.  Input ports match channels 1-4.
                 b.  Length of time is 10 minutes.
                 c.  All channels are selected for optical.
                 d.  Invert display.
                 e.  Agonists’ sequence corresponds to sequence in procedure name.
                 f.  Gain should be “-”.
           4.  Select OK.
           5.  Next select “Aggregometer”, then “Run Test”.
           6.  Select patient’s “last name” and type it. Press TAB and, similarly complete the 
                demographics. When completed select “OK”.
           7.  Set baselines. 
     C.  Setting Baselines of Aggregometer
           1.  Pipette 0.4 ml. PPP into one cuvette. Add a magnetic stir bar into at least six 
                cuvettes and pipette 0.4 ml. PRP into them.
           2.  Place the PPP cuvette into channel 1’s PPP well. (Verify all toggle switches 
                are set to “1”). 
           3.  Baseline 100% for each channel.  Press the red “set baseline” switch on first 
                channel.  Note blue line appears.  Repeat for subsequent channels:  2 -- black, 
                3-- red,  4 -- green.
           4.  Next place a PRP cuvette into each PRP well,  channels 1 - 4.
           5.  Baseline 0% the same as 100%.  Press the red baseline switch.  Tracing 
                should move to 0%.  Note:  Read the scale right side of the graph.
           6.  Select “Aggregometer”, then “Stop test”.
           7.  Select “Aggregometer”, then “Restart test” (to erase baselining).  Click “OK” 
                if demographics remains correct.
IX.  Aggregation Procedure of Specimen and Control:
            After baselines are set, begin testing.         
1. To existing cuvettes of PRP pipet 20 ul of aggregating  reagents into bottom center of 
           respective cuvettes.. 
.          2.   Note timer is visible, so allow all agonists to run until complete aggregation occurs 
                 or for 10 minutes (the last one may take up to 12 or 13 minutes total running time).  
                When the last cuvette is completed, select “Aggregometer” and “Stop test”.
	Reagent
	Working Concentration
	Final Concentration (1:20)

	Ristocetin
	25 mg./ml.
	1.25 mg./ml.

	Ristocetin
	6.26 mg./ml
	0.312 mg./ml.

	+Collagen
	1.9 mg.ml.
	0.095 mg./ml.

	#Arachidonic Acid
	5 mg./ml.
	0.25 mg./ml.

	*ADP
	40 uM
	2 uM

	ADP
	                60 uM
	3uM

	ADP
	100
	5uM

	*Epinephrine
	100 uM
	5 uM

	Epinephrine
	200uM
	10 uM


        3. Aggregation of PRP is complete when graph tracing plateaus.

X.  Procedural Notes
· Normal Collagen aggregations are repeated on 1:2, 1:3, 1:5  dilutions of collagen until no aggregation occurs.

· If platelets do not respond or aggregation is followed by disaggregation,  a release reaction has not occurred.  Proceed to test with higher concentrations of ADP or Epinephrine to induce release reaction and permanent aggregation.

· If aggregation is abnormal, the special coag tech should run the Verifynow (aspirin) tube

XI.   Quality Control
        A.  Normal range is >50% aggregation for all agonists.
B. A normal control must be run when a patient has abnormal response to any 

agonist. Normal control is prepared in the same manner as patient specimen and tested with all (the same) aggregation agonists. 
      If “Normal” donor is abnormal, another “Normal” must be run. 

XII.  Reporting: 

        A.  Normal Response of Curves:

             Epinephrine may exhibit a biphasic curve, report only as single curve
             ADP may exhibit a biphasic curve, report only as single curve        

              Collagen exhibits a monophasic curve after approximately a one 

              minute lag response.

              Ristocetin exhibits usually a single broad curve, but occasionally 

              a biphasic curve is seen, report only single curve.
              Ristocetin, 1:4 dilution exhibits no aggregation. 

              Arachidonic acid exhibits a rapid irreversible monophasic  

              response.   

See tracings in Appendix C.

       B.  Calculations:

             1.Select “Edit”, then “Set start and stop times”.

             2.To set start time click arrow to left on graph’s “y-axis” and drag the line(each 

                channel will show a different color of line) to where the agonist was introduced 

                in the cuvette and the baseline is reestablished.  Release the mouse when this is 

                done. If primary colors change on screen, access “Deselect All” option.

             3.To set the endpoint, click-and-drag the corresponding endpoint line to the apex 

                of the aggregation(up to 10 minutes). For biphasic curves, calculate the total 

                aggregation and then the primary wave only. Subtract this from the total 

                percent to obtain the secondary wave calculation. Report both results

                of any biphasic curves on the report sent to the physicians. Comment any 

                disaggregation  on the calculation line on the actual report sent to the

                physicians.              

              4.Select next channel and repeat process. When all channels are completed, 

                 select “Done”.

        4      5.Select “Edit” then “Compute ...”. If this data is correct select “OK”.

              6.Computations should appear on the computer screen. % Aggregation is the 

                Amplitude.                           

              7.To report comments (for disaggregation):

                 Select:

                 a.Edit

                 b.Test information

                 c.“Click” in the comment space and enter comments. When completed, select 

                   “OK”.

         C. Printing

              To print select “File”, “Print”, then “OK”. When report has printed, select 

              “File”, “Save”(save as the patient’s last name1 and name2 up to 8 characters),

             “Close”, and “OK”. Jot the file names on the respective graph pages.

XIII.  Resulting/interpretation:

A.Pltag resulting worklist template, enter % aggregation for each agonist (and normal  

    control if done) 

         B. The report and tracings are left for the resident/attending review (do not enter 

              anything into the LIS)
         C. The laboratory director reports the clinical interpretation via Soft Flow  program
              The results will be sent via fax to the ordering clinician and the Soft Flow program will  

              enter the results into the Soft patient report
 CONDITION                                                     RESULT/PATTERN
          1. Bernard Souliers’s syndrome                      Lack of response to Ristocetin 

          2. Severe von Willebrand’s disease                 Lack of response to Ristocetin

          3. Aspirin “like” defect (can be caused            Lack of response to arachidonic

              by aspirin, NSAIDS, congenital                   acid, no secondary wave to

              deficiency of cyclooxygenase or                  epinephrine

              thromboxane synthase)

          4. Platelet storage pool disease                       Lack of or reduced response to

              (dense body deficiency)                              collagen - ADP -epinephrine

                                                                                  (though some of these patients are

                                                                                   normal on aggregation and have only

                                                                                   serotonin deficiency)

          5. Glanzman’s thrombosthenia                       Lack of response to collagen - ADP -     

                                                                                  epinephrine

          6. Myeloproliferative platelet dysfunction      Lack of response to epinephrine alone

                                                                                   (This can also be a normal variant)

          7. Von Willebrand’s disease                            Aggregation response to low 

                    Type IIb                                                 concentrations of Ristocetin   (0.3 mg/ml)
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XV.
History:

H-1
This procedure was written by Natalie Ortoli-Drew on 6-2000.
           
H-2
This procedure was revised by N. Ortoli- Drew on 5-2010.
            H-3
This procedure was revised by N. Ortoli- Drew on 2-2011.
