University of California, Davis Medical Center

Department of Pathology

 Hematology/Hemostasis
Anti-Xa activity (Heparins) 

Using the ACL TOPTM Analyzer
Technical Procedure #1598.t


Principle
Heparin is a naturally occurring polysaccharide used for the treatment and prevention of thrombotic diseases.  Unfractionated Heparin (UFH) is given intravenously requiring a hospital stay, while Low Molecular Weight Heparin (LMWH) is a subcutaneous injection that can be given on an outpatient basis.  Fondaparinux (FNDX) is a synthetic pentasaccharide that mimics the active binding site of heparin to AT. Heparin works with Antithrombin (AT) to stop, or inhibit thrombin from converting fibrinogen to fibrin.  Heparin binds to AT, converts AT from a slow to rapid inhibitor, then inactivates thrombin (IIa), Xa, XIIa, XIa, and IXa.   Thrombin and Xa are in the common pathway.  The last three Factors are in the Intrinsic Pathway.
 Factor X---( Factor Xa which acts on
Prothrombin II ---(Thrombin IIa which acts on

Fibrinogen ---( Fibrin 
Heparin is a common anticoagulant that is given either as prophylaxis to prevent high risk patients from developing thrombus or treatment to prevent extension of existing thrombus.  In certain circumstances, the determination of the antithrombotic potential of heparin in blood is required.  In those cases, measuring the anti-Xa activity of heparin is desired.  In this method, heparin present in test plasma combines with dextran sulfate to free bound heparin.  Exogenous factor Xa is added.  Heparin present in plasma will bind and neutralize factor Xa and the residual Xa is measured chromogenically and is inversely proportional to the amount of anti-Xa activity of heparin present.
There are different types of heparin in use and with this test each class has its own calibration curve, test, and controls. 
NOTE: It is imperative to order the proper heparin test to match the type of heparin the patient has been given for accurate measurement and dosing to occur. 

LMWH includes Lovenox (enoxaparin) and Fragmin (dalteparin).  Units are U/ml and the test is ordered as HEPARIN-LMWH.

UFH includes Monoparin and Multiparin.  Units are U/ml and the test is ordered as HEPARIN-UFH.

Pentasaccharide (FNDX) Heparin includes Arixtra (fondaparinux).  Units are µg/ml and the test is ordered as HEPARIN-PENTA.
Direct Thrombin Inhibitors are not tested using this method.  They include Bivaliruden and Argatroban.

Direct oral anticoagulants (DOAC) that are Xa inhibitors are not tested using these tests but have their own Anti-Xa methods built out (see procedure for Anti-Xa for Apixaban (Eliquis) and Rivaroxaban (Xeralto).  

Specimen

Whole blood anticoagulated with 3.2% sodium citrate, in a 1:9 ratio, is required.  Citrate tubes that are under filled, patients with hematocrits over 55%, hemolyzed samples, or clotted samples are unacceptable for testing. 

Centrifuge immediately on receipt until sample is platelet-poor.  Anti Xa levels are stable in patient samples for:          
             2 hours at room temperature inpatient and 8 hours at room 

    
     
    temperature for outpatients (15-25oC)

             1 month at -20oC, longer at -80 oC.
Frozen plasma is thawed for 5 minutes in a 37oC water bath and thoroughly mixed.  Assay must be performed within 2 hours.  
Reagents
A. IL Liquid Anti-Xa kit (PN 0020302600)
1. Factor Xa reagent: (PN 0020302610) 5 x 2.5ml vials liquid containing 5.5 nkat/ml of bovine Xa with Tris-Buffer, EDTA, and dextran sulfate, sodium chloride and bovine serum albumin.  
a. Stable for 1 month at 2-8oC or 7 days on board the ACLTOP analyzer at 15-25oC.
b. It is considered a “Start reagent” and is placed in the appropriate rack on board the analyzer.
2. Substrate S-2732: (PN 0020302620) 5 x 3ml vials with 1.2 mg/ml of chromagenic substrate S-2732 with detergent and mannitol as a bulking agent. 

c. Stable for 1 month at 2-8oC or 7 days on board the ACLTOP analyzer at 15-25oC.

d. It is considered an intermediate reagent and is placed in the appropriate rack on board the analyzer.
3. Clean B Diluted.  

e. Dilute Clean B (PN 9832700) times eight with sterile water.  Add 7 mls of sterile water to a 30ml bottle with a Clean B diluted barcode.  Add 1ml of Clean B and mix. 

B. Calibrators

4. Unfractionated Heparin Curve (LIQHEPU)
f. In house calibrators: Dilute pharmacy 25,000 U heparin with PNP to contain 0.0 IU/ml, 0.5IU/ml, 1.0IU/ml, and 1.5IU/ml or

g. Diapharma Technoview UFH Calibrator kit (cat No 5090070) 5 levels of calibrator ranging from 0.0IU/ml to 1.4 IU/ml. See package insert for reconstitution and stability.
5. LMWH (LIQHEPL)
h. Diapharma Technoview LMW Calibrator Set (cat no 5090041) 5 levels of calibrator ranging from 0.0 IU/ml to 1.6 IU/ml. See package insert for reconstitution and stability.
6. Pentasaccharide (LIQHEPP) 
i. Diapharma Technoview Arixtra Calibrator Set (cat no. 5090010) 5 levels of calibrator ranging from 0.0 µg/ml to 2.0 µg/ml. See package insert for reconstitution and stability.

C. Quality Control Materials 

7. UFH (LIQHEPU)

j. IL Hemosil UF Heparin Controls (PN 0020300300) 5 vials each of two levels (low and high) of UF Heparin added to citrated human plasma.
i. Dissolve each vial with 1 ml of CLSI CLR water and let sit 30 minutes. Swirl and invert before use.
ii. Freeze immediately after use and thaw for 5 minutes in a 37oC waterbath until volume depleted. In house studies determined reconstituted controls could undergo many freeze thaw cycles without decay in values.
k. QC is run in the IL bottle using IL barcodes, placed in the control/Diluent racks D1 or D2, and is named 993111/993112 for the low control and 993121/993122 for the high control.
8. LMWH (LIQHEPL)

l. IL Hemosil LMW Heparin Controls (PN 0020300300) 5 vials each of two levels (low and high) of LMW Heparin added to citrated human plasma.

iii. Dissolve each vial with 1 ml of CLSI CLR water and let sit 30 minutes. Swirl and invert before use.  Pour into screw capped cryo vial labeled as below for running and storing.
iv. Freeze immediately after use and thaw for 5 minutes in a 37oC waterbath until volume depleted. In house studies determined reconstituted controls could undergo many freeze thaw cycles without decay in values.

m. Controls are labelled as 993131/993132 for low level control and 993141/993142 for high level control and must be identified and run in a sample rack identified as the proper control number and as QC material.
9. Pentasaccharide (LIQHEPP)

n. Technoview Arixtra Control Low (cat no 5090012)

v. Dissolve each vial with 1 ml of CLSI CLR water and let sit 10 minutes. Swirl and invert before use.  Pour into screw capped cryo vial labeled with 993151/993152 for running and storing.
vi. Freeze immediately after use and thaw for 5 minutes in a 37oC waterbath until volume depleted. In house studies determined reconstituted controls could undergo many freeze thaw cycles without decay in values.
vii. Controls are labelled as 993131/993132 for low level control and must be identified and run in a sample rack identified as the proper control number and as QC material.
o. Technoview Arixtra Control High (cat no 5090014)

viii. Dissolve each vial with 1 ml of CLSI CLR water and let sit 10 minutes. Swirl and invert before use. Pour into screw capped cryo vial labeled with 993161/993162 for running and storing.
ix. Freeze immediately after use and thaw for 5 minutes in a 37oC waterbath until volume depleted. In house studies determined reconstituted controls could undergo many freeze thaw cycles without decay in values.

x. Controls are labelled as 993141/993142 for high level control and must be identified and run in a sample rack identified as the proper control number and as QC material.
Calibration
D. To be used in conjunction with technical procedure 1591 Operating the ACL TOP 700 LAS Analyzer.

E. After initial calibration of lot, subsequent calibration is performed only as needed.  Calibration is only to be performed by a key operator.

10. Prepare kit reagents and calibrators according to directions.

11. Load reagents and calibrators onto the ACL TOP manually identifying the calibrators before loading on the sample lanes and reagents on the reagent lanes with the substrate loaded into R1-R3 and Factor Xa into R4-R6.
12. Each type of Heparin has its own Calibration curve (LIQHEPU-unfractionated heparin, LIQHEPL-LMWH, LIQHEPP-Pentasaccharide)

13. All three tests will use the same reagents but different calibrators.
14. Observe and validate each successful calibration curve manually if necessary. 
15. Run controls and run calibrators as unknowns to validate the curve.  

Controls

F. To be used in conjunction with technical procedure 1591 Operating the ACL TOP 700 LAS Analyzer.

G. Controls are run each shift of use or each batch and must be within control prior to reporting results.

16. UFH controls are run every shift or every 8 hours of use or with each batch of samples when running in batch mode. 
17. LMWH and FNDX controls are run with each batch of samples run.
18. Frozen controls are thawed in 37oC water bath for 5 minutes and gently vortexed before use.
19. Results are transmitted into appropriate file in LIS by control number or by manual entry if needed.
Procedure

H. To be used in conjunction with technical procedure 1591 Operating the ACL TOP 700 LAS Analyzer.

I. Place reagents on ACL TOP with substrate loaded in lanes R1-R3, Factor Xa loaded in R4-R6 and Clean B diluted in R4-R6.  
J. Order appropriate Heparin test, i.e. LIQHEPU, LIQHEPL, or LIQHEPP if test not downloaded from Remisol.

K. For specimens with “greater than” results dilute with PNP.  Dilute x2 and x3 to assure accuracy of dilution and rerun.  Results must be manually recalculated.  Add a comment to the sample: “Specimen result over linearity and was diluted and rerun”. For specimens with unexpected nondetectable levels or very low levels of UFH Anti-Xa activity, dilute with PNP as noted above and rerun as the patient may be deficient in AT which will be supplied by the PNP. These results must also be recalculated manually and a comment added “Specimen was diluted and rerun due to possible low levels of Antithrombin”. 
Reporting Results

L. To be used in conjunction with technical procedure 1591 Operating the ACL TOP 700 LAS Analyzer.

M. Results are automatically transmitted via the Remisol to the LIS into the appropriate test. 

N. Results are displayed as a single number.  
O. Report results to the hundredth place.  
P. UF and LMWH are reported in U/ml while FNDX is reported in µg/ml.
Q. Results less than 0.05 U/ml UFH are reported as <0.05 U/ml.  Results > 1.5 U/ml are diluted and recalculated and reported by calculation.
R. Results less than 0.05 U/ml LMWH are reported as <0.05 U/ml.  Results >1.86 U/ml are diluted and recalculated and reported by calculation.
S. Results less than 0.05 µg/ml FNDX are reported as <0.05 U/ml.  Results >1.73 µg/ml are diluted and recalculated and reported by calculation
Critical Values

T. True values obtained > 2 U/ml are considered critical values and must be called and documented as such.
Limitations and Interferences

U. Results of > 2 U/ml UFH or especially LMWH, or > 2 µg/ml on FNDX, are highly suspicious for contamination or DOAC interference.  Consult EMR or floor for drug and patient history. 

V. 3.2% buffered acid citrate is the only acceptable anticoagulant.
W. Delays in processing may result in falsely depressed anti-Xa levels.

X. Heparin results are not affected by hemoglobin up to 300 mg/dl, bilirubin up to 20 mg/dl and triglycerides up to 800 mg/dl.

Y. The performance of this test is expected to be the same as manufacturers stated interferences as there has been no change in reagents or analyzer, only calibrators used.

Precision
Z. In house precision studies were performed with the following results:

	Analyzer
	Low control within run (%)
UFH/LMWH/FNDX
	Low Control day to day (%)
UFH/LMWH/FNDX
	High Control within run

UFH/LMWH/FNDX
	High Control day to day

UFH/LMWH/FNDX

	TOP1
	4.8/1.4/2.4
	4.5/4.8/4.3
	1.3/1.6/2.5
	3.5/5.3/4.2

	TOP2
	2.7/2.0/2.2
	5.2/3.9/3.0
	1.2/1.0/1.5
	4.8/4.7/2.4

	Sp Coag TOP
	1.9
	3.3
	1.5
	2.9


Accuracy
AA. Accuracy studies were performed with the following results:


UFH: N=52, R2=0.951, Slope=1.03, Bias=0.1, TTest=4.16E-15


LMWH: N=40, R2=0.975, Slope=1.01, Bias=0.1, TTest=1.56E-01

FNDX: N=17, R2=0.970, Slope=1.07, Bias=0.10, TTest=2.0E-5
Linearity Studies 

AB. UFH was determined to be linear between 0.05 and 1.5 U/ml.

AC. LMWH was determined to be linear between 0.00 and 2.0 U/ml
AD. FNDX was determined to be linear between 0.02 and 1.80 µg/ml.
AE. For convenience purposes the lower limit of linearity for heparin testing will be <0.05.
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