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POC.17  Total Hemoglobin and Oxyhemoglobin

(tHb & %O2Hb)

Using the AVOXimeter 4000
PRINCIPLE

The AVOXimeter 4000 is intended for professional use in settings in which rapid, accurate measurements are needed of the total hemoglobin concentration and the relative concentration of oxyhemoglobin.  Direct analyte values are obtained in 10 seconds.  

Analysis is quickly accomplished by injecting the whole blood sample into a disposable cuvette and inserting the cuvette into the instrument.  The AVOXimeter 4000 then illuminates the sample with multiple wavelengths, records the optical absorbance for the sample at each wavelength, and computes the results.  The total hemoglobin concentration and the relative concentration of oxyhemoglobin are shown in appropriate units on the display on the front panel.  

The total hemoglobin concentration measured by the AVOXimeter 4000 includes oxy-, deoxy-, met-, and carboxyhemoglobin:  

	tHb = [O2Hb] + [HHb] + [MetHb] + [COHb]


Accordingly, the percentage of oxyhemoglobin reported by the AVOXimeter 4000 is:  

%O2Hb = ([O2Hb] X 100) / ([O2Hb] + [HHb] + [MetHb] + [ COHb]

SPECIMEN COLLECTION and PREPARATION

The tHb and O2Hb results within the Cardiac Catheterization Laboratory are from multiple sample sites and are compared to diagnose and treat the patient during the catheterization procedure.

Sites of blood collection typically include the right atrium, right ventricle, superior vena cava, pulmonary artery, and pulmonary capillary wedge.  The collection sites will vary at the discretion of the physician directing the catheterization procedure.

Because of the proximity of the AVOXimeter 4000 to the patient, use of a heparinized syringe for blood collection is not mandatory but suggested for optimum results.  Specimens containing clots may cause inaccurate results.  Either heparinized or non-heparinized syringes may be used.  No other anticoagulants are to be used.  

Sample requirement is 50 µl.  Ensure all air bubbles are immediately expelled after collection of the specimen.  Tightly seal the syringe.  Roll the sealed syringe between your palms to keep red blood cells and plasma well mixed.  Poorly mixed specimens may cause inaccurate results.
When handling the cuvette, hold them only by their black caps.  To avoid warming the cuvette, do not pick it up until ready to fill it and analyze the specimen.

REAGENTS and EQUIPMENT

· AVOXimeter 4000 

· Single Use Test Cuvettes - store cuvettes in a sealed bag with a desiccant pouch.  Check the desiccant prior to using cuvettes to ensure that the color indicator has not changed from blue to pink. If the color indicator is pink, do not use the cuvettes.

· 3-5 cc plastic syringes

· Optical QC filters (yellow and orange) – filters are not interchangeable between instruments

· Liquid QC (RNA CC 527 levels 1,2, and 3)

· Temperature Probe

· AC Adapter

· Printer (optional)

CALIBRATION

Initial calibration of the AVOXimeter 4000 is set at the factory.  Re-calibration is required only if the daily functional checks with the yellow and orange optical filters do not meet the established specifications.  Re-calibration, if necessary, will be performed by the technical service at the manufacturer.

The most frequent cause of error messages or erroneous readings are not the loss of calibration, but contamination of the optical detector with blood or other debris.  The optical filters are used to quickly and conveniently determine whether the optics has been contaminated and to verify that the calibration has not changed.

Because the optical filters verify calibration, the optical QC procedure meets the CLIA requirement §493.1202 to verify calibration at least once every six months.  College of American Pathologist accreditation requires the use of a 3-point calibration including a minimum, mid-point, and maximum values for calibration verification.  Therefore, linearity materials will be used to verify calibration after major maintenance or service, or at least once every six-months.  

LINEARITY

Linearity was evaluated upon initial instrument set-up.  Additionally linearity will be evaluated after major maintenance or service, or at least once every six months (as stated above in the Calibration section).

RNA Medical CO-Oximeter Calibration Verification Controls (CVC 223) will be used.  The product is provided in five levels of total hemoglobin and oxyhemoglobin covering the significant range of instrument performance.  CVC 223 is packaged in 1.2 mL sealed glass ampoules.  

Active ingredients are purified bovine hemoglobin solution, which has been treated with oxygen.  NOTE: There are no published health hazards with bovine hemoglobin products.  However, all staff are to use good laboratory practice and follow "Universal Precautions" when handling this product.
The CVC 223 is to be stored at 2-8 °C.  Avoid exposure to freezing and temperatures above 8 °C.

Directions for Use 

1. Beginning with level 1, gently invert the ampul to mix the solution.  Tap the ampul to restore the liquid to the bottom of the ampul.

2. Open the ampul by snapping off the tip at the score.  NOTE: Protect fingers from cuts by using the provided Snapper® .
3. Transfer the contents of the ampul to a syringe.

A. Aspirate the control solution using a syringe and large bore needle, being careful to not draw air in with the liquid.  

B. Expel one or two drops, detach the needle, and inject the control into the sample cuvette.

4. Repeat steps 1 through 3 for the remaining levels, testing each level in duplicate.  

5.
Enter the results into the Free Statistics Software Simple Linear Regression program at URL http://www.wessa.net/ .    
QUALITY CONTROL

Various quality control products are intended to verify proper instrument and test performance, as well as operator technique.   The quality control is also used in maintenance and troubleshooting.  The AVOXimeter 4000 uses optical and liquid QC.  Additionally CAP Proficiency Testing (SO), is completed 3 times per year.

Optical QC

Each AVOXimeter 4000 is equipped with cuvette-shaped yellow and orange optical QC filters that can be inserted into the instrument to simulate a blood sample of known composition.  Each filter has a serial number that matches the serial number of the AVOXimeter 4000 with which it is used.  The optical filters cannot be used interchangeably.  

Quality control testing with both optical filters will be performed:

· On the analyzer each day of use.

· When an analyzer is moved from one room to another.

· Whenever the performance of the analyzer requires verification.

To conduct the daily QC with optical filters:

1. Confirm that the filters have the same serial number as the AVOXimeter 4000.

2. Wait until the READY message appears on the display.

3. Remove any debris from the surface of the optical filters by wiping them with dry gauze prior to inserting them into the AVOXimeter.

4. Insert the filter into the cuvette slot and enter the sample information at the prompt.

5. Verify that each of the results is within the established range for the filter.  Proceed with the other filter if each value is within range.

6. Initial the maintenance log verifying that you have checked both levels of Optical QC, they are within range, and patient testing may proceed.  

7. Discontinue using the AVOXimeter for any patient testing if any of the values are outside of the specified range and contact the Ancillary Testing Coordinator.  

Optical QC Ranges

	Analyte
	Range for Yellow Filter
	Range for Orange Filter

	tHb (g/dL)
	7.8 to 8.2
	16.7 to 17.3

	%O2Hb
	93.7 to 96.3
	37.8 to 40.2


Liquid QC

The purpose of liquid controls is to serve as another means to verify that the AVOXimeter is functioning properly.  RNA CC 527 (RNA Medical) levels 1, 2, and 3 are used as liquid QC.  The Liquid QC ranges for the AVOXimeter 4000 are listed on the maintenance log.  Liquid QC testing will be performed:

· At least once per week  

· At the beginning of each new lot number of cuvettes to ensure proper shipping conditions. 

· To verify the performance of the cuvettes as needed.

Regular weekly liquid QC will be tested by the Cardiac Cath Lab Nurses. 
To conduct periodic liquid QC:

1. Ensure the liquid QC being used has been stored according to manufacturer's recommendations.  

2. Verify the calibration code for the cuvettes.  

3. Fill the cuvette according to directions in the operator's manual (page 13).

4. Verify that results are within established ranges and initial in the appropriate area of the maintenance log.  
5. Discontinue using the AVOXimeter for any patient testing if any of the values are outside of the specified range and contact the Ancillary Testing Coordinator.  
	WARNING!  Even if the AVOXimeter's readings with liquid QC material fall within the acceptable established ranges, spurious readings can be obtained on whole blood if blood or other debris has gotten onto the light detector.  To rule out this possibility, perform the optical QC. 


Proficiency Testing

Proficiency testing will be used as a system to compare the accuracy of the testing procedure and the proficiency of the users with other laboratories.  Both AVOXimeter 4000 instruments will be tested with the CAP survey material (SO-Blood Oximetry Survey) and results reported from both.  

The Cardiac Catheterization Laboratory staff regularly using the AVOXimeter will complete testing of the CAP survey.  Survey samples will be rotated among staff as evenly as possible with consideration to patient workload at the time.  

PATIENT TESTING

Patient testing will include the complete SSN being recorded on the first sample for that patient.  Subsequent samples during that catheterization procedure for that patient may, at a minimum, be recorded using only the last four digits of the SSN.  The recording of the initial complete SSN must be adhered to.  If problems are noted upon review of patient data, staff will be required to enter the complete SSN for every test.  

To perform a patient test:

1. Verify that the Calibration Code is correct for the cuvette bag in use.  If not, refer to the operator's manual (page 23) or contact the Ancillary Testing Coordinator.  

2. Have the AVOXimeter in the READY mode so that upon collection of the patient sample, testing can proceed immediately.

3. Expel one drop of sample from the syringe and connect the syringe to a new cuvette.  Note that the blood in the syringe tip does not mix adequately, therefore the need for expelling one drop of blood prior to filling the cuvette.
4. Hold cuvette downward at a 45° angle and inject the sample into the cuvette until the sample reaches the vent patch at the opposite end.  Leave the syringe attached to the cuvette.

5. Confirm that the light path at the widest portion of the cuvette is free of debris or air bubbles.   

6. Remove any sample on the cuvette's exterior surface before inserting cuvette into the AVOXimeter 4000.  Do not overpressure the cuvette or cause the vent patch to bulge outward.

7. Holding the cuvette by the black cap, rotate it so the textured, blue side of the vent patch will be on the left when the cuvette is fully inserted into the slot of the instrument's panel.  Insert the cuvette within 10 seconds of filling it.  

8. Follow the prompts on the display.  At the screen prompt, remove the cuvette and select the sample type and patient ID information.

9. After the results appear, the data will stay on the display until the Enter/On key is pressed.  The display will return to the READY mode after the Enter/On key is pressed.  

REPORTING of RESULTS

Results will be stored in the memory of the AVOXimeter. Additional printing of the results and recording in the patient record will follow the procedural protocol for the Cardiac Catheterization Laboratory.  Printed results will be stored in the laboratory for a minimum of two years.  
Results will be reviewed regularly by the Ancillary Testing Coordinator.
Interpretation of results is at the discretion of the physician performing the procedure and based upon accepted published data.  Absolute results are not used to access the clinical condition of the patient; therefore normal ranges will not be reported with results.  The difference in values between adjacent sites is the indicator in diagnosing shunts.    

As a guideline the following normal ranges are available:



Total Hemoglobin  13.5-18.0 g/dL



Oxyhemoglobin Saturation (Arterial)      90-98%

LIMITATIONS of PROCEDURE

· Citrate is known to change the pH of the blood and cause errors in the spectrophotometric measurements.  Similarly, fluoride, oxalate, and EDTA should be avoided.

· Excessive volumes of anticoagulants or saline may oxygenate the sample or cause dilution errors.  

· Poorly mixed samples or those containing clots may cause inaccurate results.

· Cuvettes must be kept free of debris such as powder from gloves and fingerprints.

· If the desiccant color indicator in the sealed bag has changed, do use the cuvettes until a new desiccant pouch can be added to the bag.  Prior to use, verify the indicator is blue.  

· Contamination of the light detector with blood or other debris may cause erroneous results.  Regular use of the optical QC will ensure that the light detector is clean.  At any time there is doubt of the result, it is good practice to check both levels of the optical QC.

· The AVOXimeter 4000 reportable ranges have been verified by linearity testing and are:



Total Hemoglobin   4-25 g/dL



Oxyhemoglobin   0-100%

MAINTENANCE

Battery Power

If the batteries are fresh and fully charged the AVOXimeter can analyze blood specimens continuously for 10-12 hours.  Usually the AVOXimeter will be used with power from electrical outlet.  The AC adaptor is actually a wall transformer that serves as an AC adaptor and battery charger.  Refer to the operator's manual for more information (page 32).

Standby Mode

At the end of the day of use, the AVOXimeter should be placed in the Standby Mode.  This can be achieved by ensuring the AVOXimeter is left in the READY mode.  After 30 minutes, the instrument will go into the Standby Mode.  To exit the Standby Mode, press any key for approximately one second.
Cleaning
Clean the surface and screen with a soft cloth dampened with isopropyl alcohol, distilled water, or 10% bleach solution.  Immediately wipe off any excess alcohol or accidental liquid spill.  A cotton swab may also be used to clean the outside of the cuvette slot as needed.  Do not insert the cotton swab into the analyzer slot.

Clean the surface of the optical filters with dry gauze to prevent scratching.  

Temperature 

The temperature probe calibration will be checked on a minimum of six-month basis.  Refer to the operator's manual (page 34) for instructions on calibration of the temperature probe.  

Record all maintenance appropriately on the maintenance log.  Maintenance logs will be reviewed by the ATC on a monthly basis.    
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