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POC.26  Total Hemoglobin and Oxyhemoglobin

(tHb & %O2Hb)

Using the GEM Premier 4000
PRINCIPLE

The Gem Premier 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.  The GEM Premier 4000 analyzer is a portable critical care system designed to rapidly analyze heparinized whole blood samples.
CO-Oximetry (tHB, CoHb, MetHb, O2Hb and sO2)

CO-Oximetry is based on an optical absorbance measurement of the sample.  An in-line optical cell is integrated in the flow path of the hemolyzed sample to provide a measure of hemoglobin and its derivatives. The optical cell is a flow through channel with two parallel plate optical windows separated by as well defined path length. The chemical lysing of the sample is implemented to minimize the scattering effect of the blood and to make the spectral measurement more reliable.  The optical measurement hardware consisting of a white light emitting diode (LED) light source, a neon reference and a high-resolution spectrometer with holographic diffraction grating and a charge couple device (CCD) array are all contained in the analyzer. The optical components are connected through optical fibers into a read head.  Only the optical cell is located in the disposable cartridge and is aligned with the analyzer optics for spectral measurements following installation of the cartridge.

Clinical Significance

Hemoglobin is the main chemical substance within red blood cells and is the compound which transports the major portion of oxygen to the tissues. The IL GEM Premier 4000 optical system is designed to measure total hemoglobin and hemoglobin derivatives. Blood gases, O2 saturation, electrolytes, lactate, and hemoglobin are analyzed in order to monitor the patient’s status.
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.

Collection Device: The patient sample must be collected in a lithium heparin syringe (Arterial, venous, or mixed venous whole blood sample). The minimum fill volume is 0.8 mL for a 3mL syringe
Disposable Gloves
REAGENTS and EQUIPMENT

· GEM Premier 4000 Cartridge (PAK): The Disposable, multi-use PAK houses all components necessary to operate the instrument once the cartridge is validated. The PAK should be stored at room temperature (15-25ºC). The cartridge may be inserted up to and including the expiration date shown on the packaging. The system will not accept an expired cartridge. The GEM Premier 4000 PAK cartridge must be replaced when the maximum number of tests are run or when cartridge use-life is reached (30 days), whichever comes first. The operator is notified when the cartridge must be replaced.
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CALIBRATION

· External Calibration Valuation Product used to complete the calibration process of the Premier GEM 4000 analyzers prior to use with patient samples.  

· C (15-25°C), providing storage does not exceed the expiration date. CVP material should be allowed to equilibrate to room temperature for at least 8 hours before use. DO NOT FREEZE.

· GEM CVP 1 and 2 with Co-Ox ampules. Aqueous buffered bicarbonate solution containing inorganic salts and organic metabolites stabilizer surfactant, dye and biocides; equilibrated with precise concentrations of carbon dioxide and oxygen.  Each ampule contains 1.8 mL of solution.  
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LINEARITY

· PVP (Performance Valuation Product): IL PVP unopened ampoules are stable when stored at 15-25°C for up to 3 months, or at 2-8°C until the expiration date shown on the label. PVP material must equilibrate to room temperature for at least 8 hours before use. DO NOT FREEZE. PVP is used to assess the analytical measurement range (AMR) for all measured analytes 

except hematocrit.

· The performance verification product (PVP) is performed twice a year on each instrument. This is a linearity that validates the AMR.
· Inter-instrument correlations are performed twice a year between the GEM, and the main laboratory analyzers.
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 GEM 4000 uses intranal and liquid QC.  Additionally CAP Proficiency Testing (SO), is completed 3 times per year.

Equipment

· GEM Premier 4000 Plus Analyzer
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· Wireless Barcode Gun: Used to scan the operator’s ID and patient information
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START UP
· Power the GEMS on by pressing Square button on back of analyzer on left hand side while facing it. 

· When analyzer is operational then the cartridge will need to be inserted. 
Cartridge Insertion Procedure: 
NOTE: The analyzer should remain powered on at all times. 

1. Press Open Door on the touch screen. You will hear an audio prompt, and

         the door will release and open slightly. Then move the door all the way to

         the left.

2. Unpack the cartridge from its protective wrapper. Remove the plastic

         cover from the pump winding area. Discard the protective wrapper and

         plastic cover. 

3. Position the cartridge with the gray sampling area facing forward. Push the

         cartridge in until there is resistance. Please note that approximately one

         inch of the cartridge will extend beyond the front of the analyzer.

4. Guide the analyzer door to the right to close it. This will move the cartridge

into its final position.

5. In approximately 20 seconds, the analyzer will inform you that the cartridge

     

    is warming up. The clock will count down for the next ~40 minutes as the

         cartridge warms up. During this time, the sensors will hydrate and the

         analyzer will perform a variety of internal checks.

Procedure for Patient Testing

SPECIMEN COLLECTION

· Collection Device: The patient sample must be collected in a lithium heparin syringe (Arterial, venous, or mixed venous whole blood sample). The minimum fill volume is 0.8 mL for a 3mL syringe
· Disposable Gloves
1. Check full name and full social security number of patient to be drawn.  Ensure these matches the patient label.

2. Collect sample in a 3mL lithium heparin coated syringe and mix thoroughly by the “rock and roll” technique.  This consists of rolling the syringe between your palms and rocking it from front to back. Ensure you do not have rings on when rolling the sample.  Rings can cause hemolysis of the red cells, which falsely elevates the K+.
3. Expel all air from the syringe and cap it immediately after specimen collection to avoid room air contamination.

4. Label the syringe at the patient’s bedside with the appropriate patient label.

5. Analyze the specimen within 30 minutes of collection. If there is any delay between sample collection and analysis, remix the sample using the “rock and roll” technique.

6. On the GEM home screen, select the appropriate sample type (arterial, venous or mixed venous) and select “GO.”
7. Scan your operator barcode using the wireless scanner. The probe should extend automatically.

8. Uncap the patient sample and discard the first two drops of blood.  Insert the probe into the sample as soon as possible after uncapping. Press “OK.” The system will now begin aspirating the sample.
9. Withdraw the sample after the analyzer beeps and hit “OK.”
10.  Enter the patient’s full name and full social security number       in the appropriate fields and select “View Results.”
11.  Results should display within 2 ½ minutes.
12.  Press the “Accept” button to automatically print your results. If you do not believe the results (i.e. contamination), hit “Reject” and collect a fresh sample.
13. Select “Start New Sample” to go back to the main analyzer menu.
NOTE: Arterial line collection requires that an appropriate volume be withdrawn initially to ensure the line contains only uncontaminated blood prior to sample collection.
SHUT DOWN
NOTE: The GEM 400 analyzer should remain powered on unless it is being transported with an uninterruptible power source (UPS).  Turning the analyzer off for > 20 min. requires a cartridge change.

1. Press the blue MENU button. Select SHUT DOWN from the pull-down menu.

2. Press NO to return to the Start New Sample. 

3. Press Yes to continue shut down

The analyzer has now been shut down.

Cartridge Removal Procedure: 
· Removing the cartridge is generally a task that should be performed only when the analyzer indicates that the cartridge needs to be replaced. A user may decide to manually remove a cartridge when there are a few tests left for

convenience.

· GEM Premier 4000 plus analyzer cartridges cannot be removed and reinserted into the analyzer. 

· If a cartridge has reached its maximum onboard use-life or test capacity, the cartridge door will open automatically and reject the cartridge PAK. 

To remove a cartridge prior to its maximum onboard use-life or test capacity,

follow the instructions provided below:

1. Press the blue Menu button in the upper left comer of the screen. Select Remove Cartridge. If requested, enter your operator ID. 

2. As a precaution, the system will ask you whether you want to continue. Press No to stop the process and return to the home screen. Press Yes to continue.

3. Once you press Yes, the door will click open slightly. Move the door to the left, grasp the cartridge and pull it gently toward you. Dispose of cartridge in an appropriate biohazard container. The system will now be inactive until you reinsert a new cartridge.

NOTE: Cartridges cannot be reused once they have been removed.

Specimen Rejection Criteria

1. Mislabeled or unlabeled patient samples.

2. Samples collected in any collection container other than an ABG (lithium heparin) syringe.

3. Specimens that have clotted due to inadequate mixing.

4. Any specimens that have a volume smaller than 0.8 mL (for 3 mL syringes).

5. Any specimens collected greater than 30 minutes before beginning testing.
Quality Control

Calibration Valuation Product (CVP): Two levels of CVP solution must be performed on each new GEM PAK before patient testing can begin. CVP 1 and 2 must equilibrate to room temperature for 8 hours before it can be used to validate a new GEM PAK. Below is the process for performing a CVP correctly:

1. Change the sample type to CVP and press “GO,”
2. Select the appropriate lot number and hit “OK.”
3. Hold the ampule between your fingers and shake vigorously for 10 seconds.  Tap gently to settle bubbles or foam in the solution.
4. Snap the ampule using the provided breaker or a piece of gauze and hold ampule to the sampler, ensuring that the probe does not touch the bottom.
5. Press “OK” to begin aspiration.  The analyzer will beep once the aspiration is complete. 
6. Select “View Results.” If all analytes are within range, select “Accept.”
7. Repeat process with CVP Level 2
Troubleshooting CVP Failures

1. When analytes do not pass the acceptable range, the operator is prompted to manually run an iQM process prior to repeating the analysis with a new vial.  This can be initiated by selecting Menu ( Diagnostics ( Run iQM Process. When the process is complete, run a new vial.
2. If the analyte that is out of range is the pO2 or pCO2, warm a new vial in your hand for a few minutes before sampling.
3. Do not repeat the CVP more than 3 times.  If the CVP fails 3 times, call IL technical support to document the persistent failure.  IL will replace the failed cartridge.
iQM 
Once the GEM PAK is validated with CVP, the quality control process becomes an automatic part of the cartridge operation. This patented process is termed Intelligent Quality Management (iQM), which replaces the use of daily QC. Process control solutions A, B, C, and D are incorporated within the GEM PAK, along with other iQM checks. These solutions continuously monitor the operation of the entire testing process including sensors, fluidics, and electronics, thus eliminating the need to run external quality controls daily. The iQM operation can be summarized as follows:

· Monitors the performance of the system in real-time

· Identifies potential failure patterns

· Automatically performs corrective actions

· Automatically documents the failure and corrective action taken

The particular actions performed by iQM can be further categorized into the following four groups:

· System checks

· Sensor checks

· Failure Pattern Recognition (FPR) checks

· Processing stability checks

Process Control Solution A (PCAS A): Measured at a minimum of every 4 hours. All sensor slope values are also measured and checked. Slope, which is an indicator of sensor sensitivity, must be within allowable limits. PCAS A also contains dyes that are used for checking the functionality of the optical cell, which is used for CO-Oximetry

Process Control Solution B (PCAS B): The primary PCS measured at a minimum of every half hour or after every sample. Furthermore, PCS B is monitored every 30 seconds while residing in the sensor card and in the optical cell between measurements.

Process Control Solution C (PCAS C): Measured at least once every 24 hours. PCS C is primarily used for measuring low-level oxygen; however, PCS C is also used to provide an additional measurement of pH, pCO2 and K+ sensor functionality. PCS C is additionally used for conditioning the glucose and lactate inner membranes.

Process Control Solution D (PCAS D): Measured every 12 hours. PCS D provides an additional measurement for all analytes including CO-Oximetry. Reference values for analytes in PCS D are established within the first 12 hours after cartridge insertion by averaging multiple measurements of PCS D. The PCS D sensor check shall start once the reference values are established.

Instrument Linearities and Correlations
· The performance verification product (PVP) is performed twice a year on each instrument. This is a linearity that validates the AMR.
· Inter-instrument correlations are performed twice a year between the GEM, i-STAT and the main laboratory analyzers.
Reporting of Results

· Before results can be viewed on a patient, the full name and full social security number must be entered in the instrument.
· Once the results populate on the instrument screen, the operator must hit the “Accept” button on the button of the screen.  This indicates to the POC department that the results are good and can be entered in the HIS. At this point, the results will print automatically.  If the results are suspicious or if dilution is suspected, the results can be excluded and a new sample should be obtained.
After the operator selects “Accept,” the results will be auto-validated.
· Results will be stored in the memory of the GEM 4000. 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%

Analytical Measurement Ranges:

	Analyte
	AMR

	tHb
	3.0-23 g/dL

	COHb
	-10-110%

	MetHb
	-10-110%

	O2Hb
	-10-110%

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


Reference Ranges:

	Analyte
	Arterial
	Venous

	sO2 (%)
	95-98
	N/A

	COHb (%)
	0-5.0
	0-5.0

	MetHb (%)
	0-1.5
	0-1.5

	O2Hb (%)
	95-98
	N/A

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


NOTE: All patient results, including critical values, are handed directly to the provider, therefore no notification or verbal confirmation of critical values is required.
Maintenance

Installing the Printer Paper

1. Press the tab at the top of the system to release the door.

2. Open the door and extend paper guide if desired.

3. Place the roll of paper in the compartment so the paper unfolds from the bottom.

4. Press the door firmly closed.

NOTE: The thermal paper can only be printed on one side.
Routine Cleaning

· Only required when the GEM instrument is visibly soiled.
· Use hospital approved disinfectant to clean the GEM.

· The GEM analyzer processes patient samples that may be highly infectious. When cleaning the instrument use proper technique and care to avoid contaminating yourself or others.

· Use Personnel Protective Equipment (PPE) before handling the instrument.

Cleaning the Touch Screen

You do not need to disconnect the GEM Premier 4000 analyzer from AC power when cleaning the touch screen. However, be careful to prevent water or cleaning solution from entering the unit enclosure.

1. Dampen a soft cleaning cloth with water or mild cleaning solution.

2. Ensure that the cleaning cloth is only moist, not dripping wet.

3. Carefully wipe the face of the touch screen free of fingerprints or other smudges.

Caution: Use only a soft cloth moistened with water or a mild cleaning solution. Do not use an abrasive cleaner or any bleach mixture to clean the touch screen, as this will damage the screen.

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.  The GEM Premier 4000 instruments will be tested with the CAP survey material (SO-Blood Oximetry Survey) and results reported. 

The Cardiac Catheterization Laboratory staff regularly using the GEM 4000 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.  Each staff member will be required to perform at least 1 CAP survey each fiscal year. 

Limitations

1. Some substances can cause interferences with particular analytes measured by the GEM Premier 4000.  A list of these interferences and the analyte affected is listed under the Interferences section.
2. If the sample contains elevated white blood cell counts or reticulocyte count, the sample will deteriorate more rapidly.
3. Under-heparinized samples, whether it is from a non-heparinized sampling device or inadequate mixing of heparinized devices, can cause blood clots to form in the sensor chamber.  This would cause various sensor failures in the GEM analyzer. 
4. Hemolysis cannot be detected by the GEM Premier 4000, which can significantly increase the potassium value in a patient sample.  If a potassium value seems inconsistent with the patient’s clinical symptoms, obtain a new sample and analyze it on the same instrument.
5. Air in collection syringes, inadequate mixing of samples, use of un-heparinized syringes and mixing the sample with rings on your hands can cause inaccurate test results to be generated.  Always be aware of the pre-analytical variables that may affect the values of the analytes. 
Interfering Substances:
The following substances may show noticeable interference with certain channels

on the GEM 4000 analyzers causing falsely elevated results.

	Substance
	Affected Analyte
	Concentration Producing Interference

	Benzalkonium
	Ca2+
	5 mg/L

	Bromide
	Cl-
	10 mmol/L

	Dobutamine
	glucose, lactate
	2 mg/dL

	Dopamine
	glucose, lactate
	5 mg/dL

	Fluoride
	Cl-, lactate
	500 mg/dL

	Glycolic Acid
	lactate
	1 mmol/L

	Hemoglobin based oxygen carriers
	hematocrit
	3.2 g/dL

	Hydroxyurea
	glucose, lactate
	0.8 mg/dL

	Iodide
	Cl-
	3 mmol/L

	Oxalate
	Cl-
	500 mg/dL

	Salicylate
	Cl-
	4 mmol/L

	Thiopental
	pCO2, Ca2+, K+
	30 mg/L, 50 mg/L for K+

	Uric Acid
	glucose
	20 mg/dL


The following substances may show noticeable interference with sodium, pCO2 and glucose channels on the GEM Premier 4000 analyzer, causing falsely low results.

	Substance
	Affected Analyte
	Concentration Producing Interference

	Etomidate
	pCO2
	50 mg/dL

	Flouride
	glucose
	500 mg/dL

	Oxalate
	glucose
	10000 mg/dL

	Sodium perchlorate
	sodium
	20 mg/dL


The following substances may show noticeable interference with certain channels on the GEM Premier analyzer, causing falsely elevated or falsely lowered results.

	Substance
	Affected Analyte
	Concentration Producing Interference

	Cyanmethemoglobin
	CO-Oximetry
	0.75 g/L

	Hydroxocobalamin
	CO-Oximetry
	0.75 g/L

	Sulfhemoglobin
	CO-Oximetry
	10%

	Turbidity
	Co-Oximetry
	5% based on turbidity created by Intralipid fat emulsion
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