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1. TEST INFORMATION

	Assay
	Method/Instrument
	Order Code
	Local Code

	Carbon Monoxide and Methemoglobin
	GEM® OPL® Oxygenation Portable Laboratory
	CO and MHb
	CO and MHb


	Synonyms/Abbreviations

	Carboxyhemoglobin, CO, Methemoglobin, MHb

	

	Department

	Chemistry


2. ANALYTICAL PRINCIPLE

The GEM® OPL® is intended for professional use in settings in which rapid, accurate measurements are needed of the total hemoglobin concentration and the relative concentrations of oxy-, carboxy-, and methemoglobin.  Direct analyte values are obtained in 10 seconds.  In addition, oxygen content (O2Ct) is automatically calculated and available on the printout and data output.
The GEM® OPL® is a light-weight, portable instrument that is calibrated at the factory prior to shipment.  Optical technology (patent pending) and disposable cuvettes enable the GEM® OPL® to make its measurements six to ten times faster than standard co-oximeters and eliminate the extensive care associated with their use.

No sample preparation is required.  Analysis is quickly accomplished by injecting the whole blood sample into a disposable cuvette and inserting the cuvette into the instrument.  The GEM® OPL® then illuminates the sample with multiple wavelengths, records the optical absorbance of the sample at each wavelength, and computes the results.  In 10 seconds, the total hemoglobin concentration and the relative concentrations of oxy-, carboxy- and methemoglobin are shown in appropriate units on the liquid-crystal display on the front panel.
The total hemoglobin concentration measured by the GEM® OPL® includes oxy-, deoxy-, met-, and carboxyhemoglobin:




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

Accordingly, the percentage of oxyhemoglobin reported by the GEM® OPL® is





% O2Hb =

The fractions of carboxy- and methemoglobin are defined in a similar manner.

3. SPECIMEN REQUIREMENTS

3.1
Patient Preparation
	Component
	Special Notations

	Fasting/Special Diets
	None

	Specimen Collection and/or Timing
	Collect blood samples in a sodium or lithium heparinized plastic syringe.  Collect and handle the specimens according to medically-accepted sterile techniques, including the use of universal precautions.
1. When drawing blood samples with a syringe from a saline filled catheter, withdraw the saline first and make sure that only whole blood is sampled.

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

3. Excessive volumes of anticoagulant or saline may oxygenate the sample or cause dilution errors.

	Special Collection Procedures
	Use only sodium or lithium heparinized plastic syringes.  Collection must be carried out properly, avoiding the aspiration of air bubbles that if present, must be eliminated immediately.  Care should be taken to avoid dilution caused by the aniticoagulant solution

	Other
	N/A


3.2
Specimen Type & Handling
	Criteria
	

	Type
-Preferred
	Sodium or Lithium heparinized plastic syringes

	
-Other Acceptable
	None

	Collection Container
	Sodium or Lithium heparinized plastic syringes

	Volume
- Optimum
	2.0 mL

	
- Minimum
	1.0 mL

	Transport Container and Temperature
	Sodium or Lithium heparinized plastic syringes, Room Temperature

	Stability & Storage Requirements
	Room Temperature:
	15 minutes

	
	Refrigerated:
	20 minutes

	
	Frozen:
	N/A

	Timing Considerations
	Analysis should be performed as soon as possible after collection, within 15 minutes.

	Unacceptable Specimens  & Actions to Take
	Blood collection tubes other than Lithium or Sodium heparin will be rejected and a redraw requested.

	Compromising Physical Characteristics
	Refer to section 14.3

	Other Considerations
	N/A


4. REAGENTS

Refer to the Material Safety Data Sheet (MSDS) supplied with the reagents for complete safety hazards.  Refer to the section in this procedure covering “SAFETY” for additional information.

4.1
Reagent Summary
	Reagents / Kits
	Supplier & Catalog Number

	Disposable cuvettes
	Instrumentation Laboratory P/N 6320480100


4.2
Reagent Preparation and Storage

NOTES:  Date and initial all reagents upon opening.  Each container must be labeled with  (1) substance name,  (2) lot number,  (3) date of preparation,  (4) expiration date, (5) initials of tech, (6) any special storage instructions; check for visible signs of degradation.

Refer to the Material Safety Data Sheet (MSDS) for a complete description of hazards.  If a specific hazard is present, it will be noted in this procedure when the hazard is first encountered in a procedural step.
	Reagent
	Disposable Cuvettes

	Container
	Sealed plastic bag with a desiccant pouch.

	Storage
	Room Temperature with a desiccant pouch or erroneous results may occur.

	Stability
	Stable at room temperature as long as the color indicator has not turned from blue to pink.

	Preparation
	None required, ready for use.


5. CALIBRATORS/STANDARDS 

5.1
Calibrators/Standards Used


The initial calibration of the GEM® OPL™ is set at the factory. Recalibration is 
required only if the daily functional checks with the yellow and orange optical filters 
do not meet the established specifications.  Refer to section 6.3 for frequency and 8.1 
for procedure.

The most frequent cause of error messages or erroneous readings is not 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.  If you receive 
error messages or erroneous readings, refer to the troubleshooting section of the 
GEM® OPL® Operator’s Manual.
	Calibrators
	Supplier & Catalog Number

	Optical QC filters (yellow and orange)
	Instrumentation Laboratory P/N 6320480220


5.2
Calibrator Preparation and Storage

NOTE:    Date and initial all calibrators upon opening.  Each container must be labeled with  (1) substance name,  (2) lot number,  (3) date of preparation,  (4) expiration date, (5) initials of tech (6) any special storage instructions; check for visible signs of degradation. 

Refer to section 6.1 for optical filters.
5.3
Calibration Procedure



To conduct the daily QC and calibration verification with optical filters:
1. Confirm that the filters have the same serial number as the GEM® OPL™.
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 GEM® OPL™.

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. QUALITY CONTROL

6.1
Controls Used 
	Controls
	Supplier and Catalog Number

	Optical QC Filters (yellow and orange)
	Instrumentation Laboratory P/N 6320480220

	Multi-4 Co-Oximeter Controls,
Levels 1 - 3
	Instrumentation Laboratory P/N 0003316200


6.2
Control Preparation and Storage
NOTE:    Date and initial all controls upon opening.  Each container should be labeled with  (1) substance name,  (2) lot number,  (3) date of preparation,  (4) expiration date, (5) initials of tech, and (6) any special storage instructions; check for visible signs of degradation.

	Control
	MULTI – 4 Co- Oximeter Control Level 1

	Preparation
	Ready to use in 1.7 mL ampules.

	Storage/Stability
	Store at 2 -8 oC until expiration date on label and the Box.


	Control
	MULTI – 4 Co- Oximeter Control  Level 2

	Preparation
	Ready to use in 1.7 mL ampules.

	Storage/Stability
	Store at 2 -8 oC until expiration date on label and the Box.


	Control
	MULTI – 4 Co- Oximeter Control Level 3

	Preparation
	Ready to use in 1.7 mL ampules.

	Storage/Stability
	Store at 2 -8 oC until expiration date on label and the Box.


	Optical QC Filters (yellow and orange)

	Preparation
	N/A

	Storage/Stability
	Store at Room Temperature, away from dust and debris.


6.3
Frequency
6.3.1
Optical Controls are run daily and before each patient is tested.
6.3.2
Liquid Controls are performed once a week and for each shipment of cuvettes.

6.4
Tolerance Limits 

6.4.1
All quality control results are recorded on the Co-Oximeter QC Log.


6.4.2
QC Ranges for the Optical Filters are written on each filter.


6.4.3
Any quality control failures will be investigated and patient testing suspended 

until the issue is identified and resolved.


6.4.4
Document any corrective action in the Co-Oximeter QC Log.

6.5
Review Patient Data
Review patient results for unusual trends or distributions such as an unusually high percentage of abnormal results.
6.6
Documentation

6.6.1
Record all quality control results on the Co-Oximeter QC Log.
6.6.2
Refer to the local policies and procedures for QC documentation and for 
record retention requirements.

6.7
Quality Assurance Program
6.7.1 Refer to polices and procedures for quality assurance activities applicable to this procedure in the Quest Diagnostics QA manual.

6.7.2 The laboratory participates in CAP proficiency testing and in other State and Local agency PT programs when applicable.

6.7.3 CAP Proficiency Challenge 

6.7.4 Each new lot number of reagent must be tested with external control material or previously analyzed sample and result must be recorded in the parallel check log book.

6.7.5 All personnel performing the assay must complete annual competency and training process and results must be kept on file.

7. EQUIPMENT and SUPPLIES

7.1
Assay Platform
GEM® OPL® Oxygenation Portable Laboratory
7.2
Equipment
N/A
7.3
Supplies
Orange-backed absorbent squares
8. PROCEDURE

NOTE:   For all procedures involving specimens, buttoned lab coats, gloves, and face protection are required minimum personal protective equipment.  Report all accidents to your supervisor.

The package insert for a new lot of kits must be reviewed for any changes before the kit is used. 
	8.1
	Instrument Set-up Protocol

	1.
	Place the GEM® OPL® on a stable surface away from drafts.

	2.
	Plug the AC adapter into an appropriate electrical outlet.

	3.
	Plug the external temperature probe into the designated socket on the rear panel (see page 5 of the GEM® OPL® Operator’s Manual).  Ensure that the plug is firmly seated.

	4.
	Place the box of disposable cuvettes next to the instrument’s temperature probe.  Prior to use, the bag of cuvettes must be stored near the temperature probe for a minimum of one hour at ambient room temperature.

	5.
	Turn on the instrument by pressing the Enter/On key.

	6.
	Upon power-up, the GEM® OPL® executes a self-test to confirm the proper operation of its light sources.  If the self-test fails, the GEM® OPL® will assist you in diagnosing the problem.  For additional help, consult the Troubleshooting section of the GEM® OPL® Operator’s Manual.

	7.
	If the GEM® OPL® passes the self-test, then the yellow and orange optical filters may be analyzed to verify that its calibration has not changed.

	8.
	If the optical filter readings are all within the established ranges, then the system is ready to analyze patient samples.  If any of the values are outside of the ranges, refer to the Troubleshooting section of the GEM® OPL® Operator’s Manual.

	9.
	To turn off the GEM® OPL®, press the Cancel and Main Menu keys simultaneously.

	10.
	The GEM® OPL® can also be turned off by pressing the Main Menu key and selecting the Turn Off option.


	8.2
	Specimen / Reagent Preparation

	1.
	Roll the tightly sealed syringe between your palms to keep the red blood cells and plasma well mixed.  Poorly mixed samples or those containing clots may cause inaccurate results.

	2.
	When handling cuvettes, hold them only by their black caps.

	3.
	To avoid warming the cuvette, do not pick it up until you are ready to fill it and analyze the sample.

	4.
	Always fill cuvette prior to inserting it into the instrument.


	8.3
	Test Run

	1.
	Confirm that the temperature probe is plugged firmly into its socket on the rear panel of the instrument.  Press the Enter/On key to turn on the GEM® OPL® and confirm that the self-test was successful.  The instrument is ready to analyze samples with the display reads:
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	2.
	Verify that the GEM Code is correct for the cuvette bag in use.  If not, refer to page 23 of the Operator’s Manual.

	3.
	Collect and prepare the heparinized blood sample as described in section 8.2 or prepare the control sample as described on the package insert for the control.

	4.
	On the GEM Premier 3500 screen, select PANELS, then select CO OX only, then OK.

	5.
	Select type of sample: Arterial, Venous, Capillary, other, QC or CVP.

	6.
	Press GO.  The instrument then asks for you to present the sample.

	7.
	Expel one drop of sample from the syringe and connect the sample-filled plastic syringe to a new disposable cuvette.

	8.
	Hold cuvette downward at a 45º 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.
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	9.
	Confirm that the light path at the widest portion of the sample chamber is free of debris or air bubbles.  Ignore bubbles outside of the light path.

	10.
	Remove any sample on the cuvette’s exterior surfaces before inserting cuvette into the GEM® OPL®.  Do not overpressure the cuvette or cause the vent patch to bulge outward.

	11.
	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 front panel.  Insert cuvette within 10 seconds of filling it.
NOTE: Never inject blood or any other material into the instrument itself.

	12.
	Enter the patient demographics on the GEM® Premier 3500 screen, hit OK.

	13.
	After the sample information is entered, the results will be displayed as follows:
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	14.
	After the results appear, the data will stay on the display until the Enter/On key is pressed.  If SO2 results are enabled, a second screen displaying SO2, O2Ct and O2Cap results is accessible by pressing the Enter/On key (see page 21 of the Operator’s Manual).

	15.
	To analyze the next sample, obtain a fresh cuvette from the bag next to the instrument and repeat the previous fourteen steps.


	8.4
	Special Handling

	1.
	Always store cuvettes in the sealed bag with a desiccant pouch or erroneous results may occur.  Check the desiccant prior to using cuvettes to ensure that the color indicator has not changed from blue to pink.  If the color indicator has changed, do not use cuvettes until a new desiccant pouch can be added to the bag.  Prior to use, verify indicator is blue.

	2.
	When filling a cuvette, do not use excessive pressure or cause the vent patch to bulge outward.  If the vent path protrudes, discard the cuvette.  To avoid contaminating the optics, never insert a cuvette with a protruding vent patch into the instrument.

	3.
	If the sample in the cuvette is poorly mixed or contains clots, then discard the cuvette to prevent erroneous results.


9. CALCULATIONS

N/A
10. REPORTING RESULTS AND REPEAT CRITERIA

10.1
Interpretation of Data 

The result is read directly from the digital display on the CO-Oximeter or the Gem Premier 3500 screen.
10.2
Rounding 

N/A
10.3
Units of Measure

Total Hb = g/dL
O2Hgb, COHb, MetHb = %

10.4
Clinically Reportable Range (CRR)

Hct = 15-65%
tHb = 4-25%

O2Hb = 0-100%

COHb = 0-75%

MetHb = 0-85%

O2Ct (Calculated) = 0-35 ml/dL

10.5 Repeat Criteria and Resulting



N/A
11. EXPECTED VALUES

11.1
Reference Ranges

	  Arterial 
	  Venous

	    COHb
	Non smokers
	< 1.5%
	    < 1.5  %

	
	Smokers
	1.5  to  5.0 %
	1.5  to 5.0 %


11.2
Priority 1 & 2 Limits

N/A
11.3
Priority 3 Limit(s)

N/A


12. CLINICAL SIGNIFICANCE 

Carboxyhemoglobin (COHb) is a stable complex of carbon monoxide and hemoglobin that forms in red blood cells when carbon monoxide is inhaled, and hinders delivery of oxygen to the body. Tobacco smoking (through carbon monoxide inhalation) raises the blood levels of COHb.

In large quantities, the effect of COHb is death - known medically as carboxyhemoglobinemia or carbon monoxide poisoning. However in smaller quantities COHb leads to oxygen deprivation of the body causing tiredness, dizziness and unconsciousness.

Hemoglobin bonds to carbon monoxide preferentially compared to oxygen (approx 240:1), so effectively, COHb will not release the carbon monoxide, and therefore hemoglobin will not be available to transport oxygen from the lungs to the rest of the body. However, animals, such as a human, should survive with very small amounts of COHb in their blood with very little or no observable effects.

COHb has a half-life in the blood of 4 to 6 hours, but this can be reduced to 40 minutes with administration of 100% oxygen. COHb increases risk of blood clots. It is thought that through this mechanism, smoking increases the risk of having an ischemic stroke.

Pregnant smokers may give birth to babies of a lower birth mass as fetal hemoglobin takes up carbon monoxide more readily than in an adult, therefore the fetus of a smoker will suffer from mild hypoxia potentially retarding its development.

13. PROCEDURE NOTES

· FDA Status: Approved
· Validated Test Modifications: N/A
14. LIMITATIONS OF METHOD

14.1
Analytical Measurement Range (AMR)

0-100 %
14.2
Precision

N/A
14.3
Interfering Substances

1. Hemolysis (which changes the amount of light scattering in the sample).
2. Other light-absorbing compounds such as indocyanine green dye and bilibrubin.

3. Other hemoglobin species including carboxyhemoglobin and methemoglobin.


By using additional wavelengths, the GEM® OPL® is able to measure four 
hemoglobin species and to eliminate interference due to bilirubin.  By making 
appropriate corrections for the light scattering in each sample, the GEM® OPL® 
yields accurate measurements regardless of whole blood, partially hemolyzed 
blood, 
and even hemoglobin solutions.  Finally, at the wavelengths used by the 
GEM® OPL® 
, indocyanine green dye absorbs relatively little light.  Thus, 
diagnostic concentrations (<10 mg/L) of indocyanine green dye produce 
minimal error (see Specifications).

14.4
Clinical Sensitivity/Specificity/Predictive Values



N/A
15. SAFETY 

The employee has direct responsibility to avoid injury and illness at work.  Nearly all harmful exposures to infectious substances and chemicals, and other injuries, can be avoided with effective training and consistent safe work practices.

Become familiar with the Environmental Health and Safety (EHS) Manual to the learn requirements on working safely and protecting the environment from harm.  Although lab work typically focuses on the hazards of working with specimens and chemicals, we must also control other important hazards.

· Slips, trips, and falls cause many serious injuries.  Please ensure that spills are cleaned quickly (to avoid slippery floors) and that you can see and avoid obstacles in your path.

· Ergonomic injuries result from performing tasks with too much repetition, force, or awkward position.  Ergonomic injuries include strains and back injuries.  Learn about ergonomic hazards and how to prevent this type of injury.

· Scratches, lacerations, and needlesticks can result in serious health consequences.  Attempt to find ways to eliminate your risk when working with sharp materials.
Report all accidents and injuries immediately to your supervisor or the business unit Environmental Health and Safety Manager or Specialist.

16. RELATED DOCUMENTS


GEM Premier 3500 Operator’s Manual
17. REFERENCES

1.
GEM® OPL® Oxygenation Portable Laboratory Operator’s Manual, P/N 6320480230 Rev.03 February 2006.

2.
PHC.106.002 Carbon Monoxide SOP
18. REVISION HISTORY

	Version
	Date
	Section
	Reason
	Reviser
	Approval

	
	
	
	Replaces PHC.106.002, Carbon Monoxide
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


19. ADDENDA

	Addendum
	Title

	
	

	
	


[O2Hb]


[O2Hb] + [HHb] + [MetHb] + [COHb]
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