	[image: image14.emf][image: image15.png]=|= UnityPoint Health



PRIVATE 
	Page 1 of 15

	Section:   UPM HEMO
	Policy #:  33.000



	
	HEMATOLOGY
	Approved by:   see signature block at end of document
	Date:             11/5/18
Review by:    11/5/20

	
	LABORATORY
	Policy Created: 4/22/13                        

Supersedes:    7/18/14, 7/10/16, 2/27/18, 11/5/18

	
	
	Primary Responsible Parties:       Kim Paige

Secondary Responsible Parties:  June Bembenek

	
	
	CAP Standard:   NA 

	SUBJECT:
	HEMOGLOBIN A1C - VARIANT II TURBO


I. PRINCIPLE

The VARIANT II TURBO Hemoglobin A1c Program is intended for the percent 
determination of hemoglobin A1c in human whole blood using ion-exchange high- performance liquid chromatography (HPLC). The VARIANT II TURBO Hemoglobin A1c Program utilizes principles of ion exchange high- performance liquid chromatography (HPLC). The samples are automatically diluted on the VARIANT II TURBO Sampling Station (VSS) and injected into the analytical cartridge. The VARIANT II TURBO Chromatographic Station (VCS) dual pumps deliver a programmed buffer gradient of increasing ionic strength to the cartridge, where the hemoglobins are separated based on their ionic interactions with the cartridge material. The separated hemoglobins then pass through the flow cell of the filter photometer, where changes in the absorbance at 415 nm are measured. An additional 690nm filter is used to correct the background absorbance. The VARIANT II TURBO Clinical Data Management (CDM) software performs reduction of raw data collected from each analysis. Two-level calibration is used for adjustment of the calculated HbA1C values. A sample report including retention times of detected peaks and a chromatogram are generated by CDM for each sample. The A1C peak is shaded. This area is calculated using an exponentially modified Gaussian (EMG) algorithm that excludes the labile A1C and carbamylated peak area from the A1C peak area.
II. CLINICAL SIGNIFICANCE


     Diabetes mellitus is a condition characterized by hyperglycemia resulting from the body's inability to use blood glucose for energy. In Type 1 diabetes, the pancreas no longer makes insulin and therefore, blood glucose cannot enter the cells to be used for energy. In Type 2 diabetes, either1the pancreas does not make enough insulin or the body is unable to use insulin correctly. The complications of diabetes, involving the eyes, kidneys, nerves and the large 2 blood vessels of the heart, brain and extremities, are common to both forms of the disease. Diabetes mellitus affects more than 5% of the world population. Therapy for diabetes requires the long-term maintenance of a blood glucose level as close as possible to a normal level, minimizing the risk of long-term vascular consequences.3,4 A single fasting blood  glucose measurement is an indication of the patient's immediate past condition (hours), but may not represent the true status of blood glucose regulation.5,6 An accurate index of the mean blood glucose concentration may be established by the measurement of hemoglobin A1c (HbA1c) every two to three months.3,5,6 HbA1c, the glycohemoglobin of interest, is formed in two steps by the nonenzymatic glycation of HbA. The first step is the formation of an unstable aldimine (labile A1c, or pre- A1c), a reversible reaction between the carbonyl group of glucose and the N terminal valine of the ß-chain of hemoglobin. Labile A1c formation is directly proportional to the blood glucose concentration. During red blood cell circulation, some of the labile A1c is converted (Amadori rearrangement) to form a stable ketoamine, HbA1c.7 The level of HbA1c is proportional to both the average glucose concentration and the life span of the red blood cell in the circulation. The measurement of HbA1c has therefore been accepted for the clinical management of diabetes.7 Methods for the determination of HbA1c includes electrophoresis, immunoassays, and chromatography. The VARIANT II TURBO Hemoglobin A1c Kit-2.0 is based on chromatographic separation of Hgb A1c on a cation exchange cartridge. Separation is optimized to eliminate Interference from hemoglobin variants, labile A1c, and carbamylated hemoglobin.  The VARIANT II TURBO HemoglobinA1c Program also offers automatic sampling from a primary whole blood tube, followed by sample dilution, and an analysis time of 97 seconds per sample.

III. POLICY SCOPE

The scope of this policy applies to all Laboratory staff that prepares or performs testing on laboratory specimens at UnityPoint Methodist.

IV. SPECIMEN

A. Specimen Type: Whole blood specimens, collected in vacuum tubes containing 

K2 EDTA.

B. Storage: 7 days at 2-8 °C, 1 day at room temperature (15-30 °C).
C. Minimum Volume: The VARIANT II TURBO instrument requires a minimum 

sample volume of 2.0 mL

V. REAGENTS 

A. VARIANT II TURBO Hemoglobin A1c Kit-2.0 (Ref. #: 270-2455) 

The reorder pack contains supplies for 2500 tests. Each kit contains:

	Component 
	Description

	Elution Buffer A
	Five bottles containing: 2500 mL of sodium perchlorate buffer with sodium azide preservative, < 0.05%.

	Elution Buffer B
	One bottle containing: 2000 mL sodium perchlorate buffer with sodium azide preservative, < 0.05%.

	Cartridge Set
	One Analytical Cartridge cation exchange (2500 test), (4.6 mm ID x 27.5 mm), and five prefilters (500 test each) are included with the cartridge.

	CD-ROM
	Contains kit specific VARIANT II TURBO Hemoglobin 

A1C Kit-2.0 parameter information.


B. Calibrator/Diluent Set and Wash /Diluent Set, Includes

	Calibrator Level 1 (2 vials) 

Calibrator Level 2 (2 vials)
	Lyophilized human red blood cell hemolysate with gentamicin, tobramycin,and EDTA preservatives. Reconstituted volume is 7 mL per vial.

	Calibrator Diluent (1 bottle, 100mL)
	Calibrator Diluent contains 100 mL DIH2O, pH 7.0, with sodium azide preservative < 0.05%.

	Whole Blood Primer 

(2 vials)
	Lyophilized human red blood cell hemolysate with gentamicin, tobramycin,and EDTA preservatives. Reconstituted volume is 1 mL per vial.

	1.5 mL Sample Vials (100)
	Polypropylene vials with pierceable caps. Used for predilution of calibrators, controls, and patient samples as appropriate.

	Wash/Diluent Set
	Four bottles containing: 2500 mL DIH2O, with sodium azide preservative, < 0.05%.

	Cartridge Holder Installation Kit
	One kit consisting of 1 PEEK Housing and 1 Stainless Steel Prefilter Adapter.  


C. Quality Controls
	Component
	Description

	Lyphochek® Diabetes Bi-level Control Set, includes:

	Control Level 1 (3 vials) 

Control Level 2 (3 vials)
	Lyophilized human red blood cell hemolysate with gentamicin, tobramycin, and EDTA preservatives. Reconstituted volume is 0.5 mL per vial with DIH2O

	Lyphochek® Hemoglobin A1C Linearity Set, includes

	Level 1 (1 vial) 

Level 2 (1 vial)

Level 3 (1 vial)

Level 4 (1 vial)
	Lyophilized human red blood cell hemolysate with gentamicin, tobramycin,and EDTA preservatives. Reconstituted volume is 0.5 mL per vial with DIH2O


D. Additional Required Items:


Microvial Adapters (10) (Tube rack inserts, without barcodes, for use with 1.5 mL microvials). 

Precision Pipettes capable of delivering: 5 µL, 0.5 mL, 1 mL, 


DIH2O 


Disposable Gloves
E. PRECAUTIONS / WARNINGS 

1. Wear personal protective equipment while handling all reagents, calibrators, controls and patient samples when operating the VARIANT II TURBO system.
2. Waste material containing patient samples or biological products should be considered biohazardous. Treat and dispose of all wastes in accordance with applicable national and/or local regulations.
3. Chemical reagents should be handled in accordance with Good Laboratory Practices

4. Do not use a kit beyond the expiration date printed on the kit box.
5. Do not interchange vial or bottle caps and stoppers.
6. Do not mix contents from different bottles of the same reagent.
7. Some reagents contain sodium azide, which may react with copper or lead plumbing to form explosive metal azides. Use caution in disposing of these reagents. When disposing into a drain, flush with large volumes of water to prevent azide buildup.
8. Each unit of whole blood used in the manufacture of the calibrators, controls and whole blood primer was tested and found non-reactive for HIV-1, HIV-2, Hepatitis B (HBV), Hepatitis C (HCV) and syphilis. No test method can offer complete assurance that products containing human source materials will be absent of these and other infectious agents. In accordance with Good Laboratory Practices, all human source materialshould be considered potentially infectious.
9. The calibrator and primer vial stoppers contain dry natural rubber.
10. Do not use the Calibrator Diluent for prediluting patient samples.

VI. PREPARATION AND STORAGE OF REAGENTS

Refer to the package inserts included with the current lot of calibrators and controls for reconstitution/storage information and value range assignment.  When changing to a different lot of reagents and/or cartridge, the kit specific parameter values stored on the CD-ROM included with the kit must be loaded into the VARIANT II TURBO system to ensure optimum performance.
A. Elution Buffers and Wash/Diluent Solution

The Elution Buffers and Wash/Diluent solution reagents are ready to use from the kit. To install or change the Elution Buffers, Wash/Diluent Solution and/or the Analytical Cartridge, follow the procedures described in the VARIANT II TURBO Operation Manual, Section 4.2.1.

1.  Allow the Elution Buffers and Wash/Diluent Solution reagents to reach room 

 temperature (15-30 °C) before beginning an assay. Mix each bottle by inversion prior to installation.
2. The Elution Buffers and Wash/Diluent Solution remain stable until the expiration date when stored unopened at 15-30 °C. After opening the bottles, these reagents are stable for 4 weeks when stored at 15-30 °C

3. When using a new reorder pack, install one bottle of each reagent and follow the procedure for Installing a New Kit Lot described subsequently in the PROCEDURES section. The Wash/Diluent Solution is interchangeable between kit lots.

B. Whole Blood Primer

Prepare a fresh aliquot of Whole Blood Primer for use whenever installing a new Analytical cartridge. The Whole Blood Primer reagent is interchangeable between kit lots. The Whole Blood Primer concentrate remains stable until the expiration date when stored unopened at 2-8 °C. Perform the following steps:

1. 
Reconstitute the Whole Blood Primer by adding 1 mL of DIH2O to the vial.

2. 
Swirl gently to dissolve and verify complete mixing. After reconstitution the Whole Blood Primer reagent is the color and consistency of whole blood.
3. 
Write the reconstitution date on the vial label. The reconstituted Whole Blood Primer is stable for 1 day when stored at 2-8 °C.
4. 
When ready to prime the instrument, label a new 1.5 mL sample vial: Primer.
5. 
Transfer 1mL of reconstituted Whole Blood Primer into the sample vial. Cap the vial. 

6. 
Allow to stand for 10-15 minutes at room temperature before use (15-30 °C).

7. 
For convenience, Bio-Rad supplies barcode labels which can be affixed to individual microvial adapters for dedicated use with the Whole Blood Primer samples. Apply the PRIME barcode to a microvial adapter. Insert the capped Primer vial into the PRIME adapter, then insert the vial+adapter into the sample rack so that the barcode will be facing the back of the instrument when the rack is loaded into the instrument. Refer to the Installing a New Analytical Cartridge topic in the subsequent PROCEDURES section for details about sample placement order for this procedure.
VII. CALIBRATION

Hemoglobin A1c Calibrators

Two Calibrator samples, with different HbA1c concentration levels (Normal and High), are assayed following the installation of a new Analytical cartridge. 
Prepare fresh aliquots of the 2 Calibrator reagents prior to use, as follows: 

1. Reconstitute and store the HbA1c Calibrators as directed in the Calibrator/Diluent Set package insert

2. When ready to calibrate, label 2 separate, new, 1.5 mL sample vials: CAL 1, CAL 2.
3. Transfer 1 mL of each reconstituted Calibrator into the appropriate vial. Cap the vials.
4. For convenience, Bio-Rad supplies barcode labels which can be affixed to a set of microvial adapters for dedicated use with the calibrator samples. Apply the CAL1 and CAL2 barcodes to two separate microvial adapters. Insert the appropriate capped vial into each adapter, then insert the vialadapter into the sample rack so that the barcode will be facing the back of the instrument when the rack is loaded into the instrument.

Note: 
Refer to the Installing a New Analytical Cartridge topics in the subsequent PROCEDURES section for details about sample placement order for these procedures. Once finished you must keep a printed copy of the calibration results, date it and initial it for acceptability.
VIII. QUALITY CONTROL

A. Controls 

Two Control samples, with different HbA1c concentration levels (Normal and High), should be assayed at least once every 24 hours to verify assay performance and instrument Quality Control. Control samples are also assayed following the installation of a new Analytical cartridge. HbA1c concentration results for control samples must fall within a range specified for the particular control. Reconstitute and store the controls according to the manufacturer's package insert. 
1. Bio-Rad Lyphocheck Controls

If you are using Bio-Rad Lyphocheck Controls, prior to use, prepare a pre-diluted (1:300) aliquot of each of the 2 Control samples, as follows:

a.    Label 2 separate, new 1.5 mL sample vials: CTRL, CTRH.  
b. Transfer into each vial: 1.5mL Wash/Diluent Solution, and 5 µL reconstituted CTRL, or CTRH as appropriate. (CTRL is the normal range control, CTRH is the high range control).
c. Cap the vials and mix thoroughly by inversion.
d. For convenience, Bio-Rad supplies barcode labels which can be affixed to a set of microvial adapters for dedicated use with the control samples. Apply the CTRL and CTRH barcodes to two separate microvial adapters. Insert the appropriate vial into each adapter, then insert the vial+adapter into the sample rack so that the barcode is facing the back of the instrument.

Note: Refer to the subsequent PROCEDURES section for details about recommended sample placement order for all procedures requiring Control samples
B. BLANKS

1. 
BLANK [QC]
One BLANK [QC] sample must be assayed when performing all procedures (Installing a New Analytical Cartridge, Installing a New Guard Cartridge, QC/Routine Run). 


Use either the CTRL, or the CTRH, prediluted 1:300 (in   microvial/adapter). 

2. 
BLANK [DIH2O] 

Three BLANK [DIH2O] samples must be assayed when performing the priming procedure, included in the Installing a New Analytical Cartridge procedure. Use 1 mL of DIH2O in the 1.5mL sample vials placed into BLANK adapters.

Note: Refer to the subsequent PROCEDURES section for details about recommended sample placement order for all procedures requiring BLANK samples.

C. Analytical Cartridge 

The cartridges should be stored at 2-8 °C. The Analytical cartridge is stable for 90 days or 2500 tests when installed on the instrument. 

D. Indications of Instability/Deterioration of Reagents 

1. If the buffer/wash/diluent reagents were frozen during shipment, allow to thaw to room temperature, then mix by inversion before installing on the instrument. 
2. Store all reagents at the labeled temperature and do not use past their expiration dates. Do not use reconstituted materials (calibrators, whole blood primer) after reconstituted expiration date.
3. Do not use any reagents which have any indications of discoloration, cloudiness or precipitation. 
4. Do not use any reagents that show any signs of leakage. 
5. Do not use the calibrator or whole blood primer reagents if the pellet is brown or the vial is broken. If the lyophilized material contains insoluble matter, discard the material and reconstitute a new vial

6. If the system overpressures dut to excessive particulates (e.g., sample clots or precipitates), the cartridge Prefilter should be replaced.  Continue to replace the Prefilter every 500 tests until the cartridge lifetine (2500 tests or 90 days) is completed.  If the Prefilter replacement does not resolve the overpressure, then the cartridge may require replacement; contact Bio-Rad Technical Service for troubleshooting assistance.
IX. PATIENT SPECIMEN PREPARATION

A. Whole Blood/EDTA Specimens 

For patient specimens collected in standard size tubes (75mm or 100mm length, 12-16 mm diameter) containing sufficient volume proceed as follows: (The VARIANT II TURBO instrument requires a minimum sample volume of 2.0 mL in 16 mm diameter tubes, or a minimum sample volume of 1.5 mL in 12, 13, and 14 mm tubes.) 

1. 
Allow sample tubes to reach room temperature (15-30 °C) before performing the assay. Samples are stable at room temperature for 1 day. No other sample preparation is required. Mixing the tubes prior to loading is not necessary.

2. 
If applicable, apply barcodes to the sample tubes. (Refer to Section 4-4 of the Operations Manual for CDM 3.5/3.6T Software for the Variant II for complete information about compatible barcode symbologies.) Barcodes should be placed vertically, and centered along the length of the tube.

3. 
Load the sample tubes into the VARIANT II TURBO sample rack, as follows: 

a. Install the appropriate rack inserts when using 12, 13, and 14 mm diameter tubes. Remove all inserts for 16 mm diameter tubes. 

 b.Insert the tubes into the rack (insert the rack so the Rack ID barcode will face the back of the instrument).

Note: Refer to the subsequent PROCEDURES section for details about recommended sample placement order for all procedures when patient samples will be assayed.

B. Patient Specimens Requiring Pre-Dilution

Whole Blood/EDTA specimens collected in irregular tube sizes, or samples with insufficient volume (< 1.5 mL) must be prediluted before use. Use the1.5 mL microvials provided in the kit for all predilutions.  Predulite samples as follows: 

1. 
Label a new 1.5 mL sample vial: patient ID

2.
Transfer into the vial: 1.5mL Wash/Diluent Solution, and 5 µL whole blood/EDTA specimen.

3. 
Cap the vial and mix thoroughly by inversion.

4. 
Insert the capped vial into an unlabeled microvial adapter. Insert the vial+adapter into the VSS sample rack.

Note: Refer to the QC/Routine Run topic in the subsequent PROCEDURES section for details about recommended sample placement order for all procedures when patient samples will be assayed.

X. PROCEDURE: 

A. Installing a new Hgb A1c kit
1. Place system in “Inactive State”.  (Maintenance/Instrument Screen).  A prompt will come up; Do you want to perform shut down operations ?  Always choose normal.

2.
Remove reagents one at a time and replace with new reagents.  Note: DO NOT POOL BUFFERS.

3.
Remove and replace used cartridges with the new cartridges. Make sure the ↑ is facing up. *(Go to set up/test screen under cartridge.  Use the drop down box under “in Use” and make the old cartridge “no”, this will create a new line for the new cartridge.  Make the line “no” to edit the information and then yes before you begin your prime/calibration runs.  Do this only if changing the cartridges and not the kit. If changing out the kit, proceed as follows.)

4.
Go to set up/test screen.

5.
Load the current update kit CD and wait for the CD ROM to read the CD.

6.
In the test screen, select the update kit button.

7.
In the CDM update kit window;

a. In the drop down field labeled drives, select the E: Drive
b. Confirm the correct TSS or CAB file (we are the CAB file)(i.e HBA1c=A1c.cab) to be loaded in the field box labeled File Name.  Note:  do not change the file selection (i.e..cab or .tss)from that which is automatically selected in the dropdown menus entitled “list file of Type” as doing so will result in an error.
c. Select the OK button to start download.
d. CDM will indicate when update kit download is complete.
e. Remove CD, date the CD, and put it in the drawer under the analyzer.

8. Start up the VII Turbo.  (Double click the VII box in the top left hand corner).
9. Go to the set up/test screen, under the reagent tab and run a system flush (takes about 20 minutes.)  Note:  always do the short flush.
10. Priming the new cartridge(s), set up your rack in the following order; 


Primer


Primer


Blank (di water)


Blank (di water)


Blank (di water)


Stop

11. To perform calibration, set up your rack in the following order;


Blank (diluted QC material 1:300)


Calibrator 1


Calibrator 2


L1 control


L2 control


Stop

B. Installing a new Prefilter Cartridge
Installing a prefilter cartridge (every 500 tests)
1.
Place system in “Inactive” State.  (Maintenance/instrument screen)

2.
Remove used cartridge and replace with a new cartridge.  

3.
*(Go to set up/test screen under cartridge.  Use the drop down box under “in Use” and make the old cartridge “no”, this will create a new line for the new cartridge.  Make the line “no” to edit the information and then change to yes to make the cartridge available for use.  The Prefilter can go either direction.
4.
Start up the VII Turbo (Double click the VII box in the top left hand corner)

5.
Proceed with patient specimens.

*Note:  Calibration after installing a new Prefilter cartridge is only necessary if you are also installing a new analytical cartridge.  Follow procedure for the calibration in section VII step 11.

XI. REPORTING RESULTS


Observe the following guidelines to assure acceptable results: 

1. The VARIANT II TURBO has passed calibration. For your reference, the slope and intercept acceptable ranges are provided in the VARIANT II TURBO Hemoglobin A1c Program Calibrator/Diluent Set product insert.
2. Total area of each analysis should range from 1.0 to 3.5 million µvolt • second. Results should not be reported if the area is outside this range. 
3. The peaks A1c and A0 must be correctly identified. For your reference, the analyte retention time windows are provided in the VARIANT II TURBO Hemoglobin A1c Kit-2.0 Analytical Cartridge product insert.
4. Quality Control values are in range.
5. Reportable Range: The reportable range for HbA1C on the VARIANT II TURBO Hemoglobin A1c Kit-2.0 is  3.6-19.0%This range was established based on data presented in Performance Characteristics. Briefly, these data show that the VARIANT II TURBO Hemoglobin A1C Kit-2.0 is linear from 3.6-19.0 %HbA1c. When the result falls outside of the reportable range, the % A1C is asterisked (*) and should not be reported.  
6. Use the below quick guide to interpret HgbA1c results and for problem solving.

	
	
	

	Total Area Count
	1 million – 3.5 million
	

	Presence of A1C and A0
	
	

	Properly constructed baseline and A1c peak shape
	A1c peak should be sharp and symetrical
	

	
	
	

	LA1c
	<=6.0% ( OK
	>6.0% ( dilute and rerun.  If it doesn’t go away send to ARUP

	CHb
	
	

	
	<= 4.0% ( OK
	· 4.0% ( dilute and rerun

	HgbF
	
	

	
	< =25% ( OK
	>25% ( send to ARUP

	Unknown Peaks
	
	

	
	No interference report results
	

	
	
	

	Heterozygous Hemoglobins E, D, S, and C
	
	

	
	HgbA1c results are reportable
	

	Variant and/or C Windows
	
	

	
	Combined area <60% (OK
	Combined area of >=60% should be suspect of having a homozygous variant or variant-beta-thalassemia phenotype; the HgbA1c should not be reported. Send to ARUP

	P3 or P4 peak
	
	

	
	If P3 peak <5% for hemoglobin variant samples (i.e., HbS-, HbC-, HbD-, and HbE-trait) (OK


	If >5% a fresh sample should be obtained

	
	If P3 peak < =10%  for non-variant samples (OK


	If >10% a fresh sample should be obtained

	
	P4 peak <=10% (OK


	If >10% a fresh sample should be obtained

	
	
	

	HgbA1c reportable range is 3.6-19..0
	Report Result
	

	HgbA1c < 3.6
	Report as < 3.5%
	

	HgbA1c > 19.0
	Send to ARUP to confirm
	

	
	Does the patient have a hemoglobin variant?
	Consult with immunochemistry to look for history or analyze sample for hemoglobin variants.

	
	What is the patients fasting glucose?
	Record from LIS the last two fasting glucose measurements, if applicable

	
	What are previous HgbA1c results?
	Record from LIS the last two HgbA1c measurements if applicable.

	
	
	


XII. EXPECTED VALUE RANGE 

A. Hemoglobin A1c Ranges 

The following HbA1c ranges may be used for interpretation of results; however, factors such as: duration of diabetes, adherence to therapy, and age of the patient should also be considered when assessing the degree of blood glucose control. (These values are for non- pregnant individuals.) 'Action suggested' depends on individual patient circumstances. Such actions may include: enhanced diabetes self-management education, co-management with a diabetes team, referral to an endocrinologist, change in pharmacological therapy, initiation or increased self-monitoring of blood glucose, or more frequent contact with the patient. 

REFERENCE RANGE: 
Result
   A1C
Normal
   less than 5.7%

Prediabetes
   5.7% to 6.4%

Diabetes
   6.5% or higher
Hemoglobin A1c (%) 

Degree of Glucose Control 


>8 



      Action Suggested † 


<7 




 Goal ‡ 


<6 



      Non-diabetic Level 

†High risk of developing long-term complications such as retinopathy, nephropathy, neuropathy and cardiopathy. Action suggested depends on individual patient circumstances. 

‡Some danger of hypoglycemic reaction in Type I diabetics. Some glucose intolerant individuals and “sub-clinical” diabetics may demonstrate (elevated) HbA1c in this area.
B. Estimated Average Glucose (eAG)

Measurement of hemoglobin A1c has become the standard of care for assessing a patient’s recent history of glucose control.  In a June 2009 an International Expert Committee Reported on the Role of A1c Assay in the Diagnosis of Diabetes concluded that diabetes should be diagnosed with A1c is ≥ 6.5% (confirmed with repeat). Patients with ≥ 6.0% but < 6.5% are considered “at risk”.  In several studies the A1c level was compared to glucose levels taken during the 3 months prior to the A1c level.  An “estimated average glucose” was calculated for the various A1c considerations.  As a point of education for patients, the A1c levels are reported with an “Estimated Average Glucose” (eAG).  

The eAG is calculated with the following formula:  eAG=28.7 x A1c – 46.7

A1c %

eAG (mg/dL)

5


97

6


126

7


154

8


183

9


212
XIII. PROCEDURAL NOTES/PROBLEM-SOLVING TIPS
A. Sample Dilution 

Normal total hemoglobin concentration corresponds to a total area of approximately 2.25 million µvolt • second. Low, medium and high whole blood patient samples were diluted to achieve total areas from 1.0 to 3.5 million µvolt • second. These samples were run on the VARIANT II TURBO Hemoglobin A1c Program to confirm that the total area does not affect the result. The recommended total area range is from 1.5 to 4.0 million µvolt • second. These samples were run on the VARIANT II TURBO Hemoglobin A1c Program to confirm that the total area does not affect the result. 

NOTE: For high total area samples (greater than 3.5 million µvolt•second), the sample should be manually diluted. To predilute, pipet 1.5 mL of Wash/Diluent Solution into a labeled 1.5 mL vial, followed by 5 µL of the whole blood sample. Cap the sample vial and mix thoroughly. Use a microvial adapter for prediluted samples. If the sample area is still outside of the expected range, the sample should be rediluted to within the 1.0 – 3.5 million total area count range and rerun.
B. Abnormal Red Cell Survival

Samples from patients with hemolytic anemias will exhibit decreased glycated hemoglobin values due to the shortened life span of the red cells. This effect will depend upon the severity of the anemia. Samples from patients with polycythemia or post-splenectomy may exhibit increased glycated hemoglobin values due to a somewhat longer life span of the red cells.10
C. Hemoglobin Variants

In a study to assess interference from hemoglobin variants, 2 out of 7 hemoglobin AD-trait, 2 out of 11 hemoglobin AS‑trait, 1 out of 12 hemoglobin AE-trait, and 3 out of 9 hemoglobin AC-trait patient samples at the clinically significant levels of 6% and 9% HbA1c exhibited differences of more than ±10% from values obtained using a boronate affinity reference method. Laboratories should take this into consideration when evaluating results from patients with a hemoglobin variant trait. 

NOTE: Hemoglobins E, D, and S elute in the Variant Window.

In the rare homozygous forms of these hemoglobins (e.g., SS, CC), there is no HbA present; therefore, no HbA1c value can be determined.

Other abnormal hemoglobin variants and their effects on the percent determination of HbA1c have not been evaluated on the VARIANT II TURBO HbA1c Kit – 2.0. For the positive confirmation of any particular hemoglobin variant, alternative separation methods are required.
D. QC Documentation
You must make sure that all require daily, bi-monthly, monthly maintenance and QC has been performed and documented on forms UPM HEMO-33.001 and UPM HEMO-03.002, prior to running patient specimens.  QC will be documented in the computer.
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