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1. TEST INFORMATION

	Assay
	Method/Instrument
	Order Code

	pH, pCO2, pO2
	GEM Premier 3500
	BGR, CGAS


	Synonyms/Abbreviations

	ABG, CGAS

	

	Department

	Chemistry


2. ANALYTICAL PRINCIPLE

The central component of the GEM® Premier™ 3500 PAK cartridge is the sensor card, which provides a low volume, gas tight chamber in which the blood sample is presented to the sensors.  The pH, pCO2, pO2, Na+, K+, Ca++, glucose, lactate, and hematocrit sensors, together with the reference electrode, are integral parts of the chamber, with chemically sensitive membranes permanently bonded to the chamber body.  When the cartridge is installed in the instrument, the chamber resides in a thermal block with maintains the sample temperature at 37 ± 0.3ºC and provides the electrical interface to the sensors.

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.

4. The sampling 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 anticoagulant solution.

	Special Collection Procedures
	Before obtaining a blood sample, be sure that the patient is in a steady state of ventilation.  Anxiety caused by arterial puncture may result in hyperventilation, which can alter blood gas values significantly.  Reassurance and the establishing of a good relationship with the patient may be helpful in relaxing him or her.  A local anesthetic may also be used to reduce the pain of arterial puncture and patient anxiety.
Patients who are on a ventilator or receiving supplemental oxygen should be given at least 20 minutes following changes in ventilator parameters or %FiO2 before samples are taken.  This time allows the stabilization of the physiological parameters.

	Other
	None


3.2
Specimen Type & Handling
	Criteria
	

	Type
-Preferred
	Whole Blood (lithium or sodium heparin) at a final concentration of approximately 25 IU/ml.

	
-Other Acceptable
	None

	Collection Container
	Lithium or Sodium heparinized syringes on ice.

	Volume
- Optimum
	3mL

	
- Minimum
	200µL

	Transport Container and Temperature
	Plastic syringes on ice.

	Stability & Storage Requirements
	Room Temperature:
	<15 minutes, sample on ice

	
	Refrigerated:
	<30 minutes, sample on ice

	
	Frozen:
	Unacceptable

	Timing Considerations
	Analysis should be done as soon as possible within 15 minutes of collection.

	Unacceptable Specimens  & Actions to Take
	Blood collection tubes other than lithium and sodium heparin will be rejected and redraw requested. Samples that exceed the Stability and Storage Requirements are also deemed unacceptable.

	Compromising Physical Characteristics
	None

	Other Considerations
	None


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

	GEM Premier 3500 PAK
	Instrumentation Laboratory Cat #0002433084


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
	GEM Premier 3500 PAK

	Storage
	15 to 25ºC

	Stability
	Cartridge is stable until expiration date.

	Preparation 
	Cartridge is supplied ready for use.  No additional preparation is required.


5. CALIBRATORS/STANDARDS 

5.1
Calibrators/Standards Used

5.1.1 GEM Premier 3500 calibrations are automatic. During calibrations, the instrument internally checks each sensor's performance to verify correct operation. Calibration data is automatically downloaded into an on-board computer memory for future analysis and transferred to disk for record keeping.

5.1.2 The GEM Premier 3500 incorporates a two-point calibration for all parameters except hematocrit. Calibration values are read into the GEM Premier 3500 via the cartridge bar code. When a cartridge is inserted, the instrument pumps Reference Solution B into the electrode chamber and hydrates the sensors for 15 minutes. One- and two-point calibrations are performed according to the schedules below:
Two-point calibrations last approximately 2.5 minutes (4.5 min within the first 6 hrs). During this time, the instrument will remain at the Ready screen (during a two-point calibration). The calibration progress indicator will appear at the bottom of the Ready screen. After calibration, a print-out is generated. If all sensors are operating correctly, the print-out includes a “No Errors” message. (Note: the content of the Calibration Report is determined by the option chosen during instrument configuration). If a slope or drift error is detected, the analyte which has failed will be flagged with a “slope error” or a “drift error” message. The instrument will then withhold results for that analyte until sensor performance returns to normal. 
5.1.3 One-point calibrations occur every 30 minutes, at a minimum, and after every patient sample.

5.1.4 Calibration Failure

If an automatic one- or two-point calibration fails, the GEM Premier 3500 will automatically initiate up to two additional one- or two-point calibration sequences in an effort to recover from a failure. If the sensor does not respond to the automatic two-point calibrations, then the appropriate error message will be printed on the calibration report, and the status indication on screen turns red.

There are three actions you may choose to take if these automatic calibrations fail to clear the error:

1. Continue to use the cartridge and report only the results from the working sensors.

2. Initiate a manual two-point calibration.

NOTE: Because the instrument will automatically perform up to two one- or two-point calibrations after a calibration error has occurred, if you initiate a manual calibration, you may significantly delay sensor recovery.

3. Contact Technical Support and replace the cartridge.

 5.2
Calibration Schedules
5.2.1 One-Point Calibration Schedule

	Cartridge Life after Warm-up
	Calibration Frequency

	0.5 to less than 3 hours
	every 2 minutes

	3 hours to less than 6 hours
	every 4 minutes

	6 hours to less than 10 hours
	every 6 minutes

	10 hours to less than 20 hours
	every 10 minutes

	20 hours to less than 40 hours
	every 15 minutes

	40 hours to less than 80 hours
	every 20 minutes

	80 hours or greater
	every 30 minutes


Between one-point calibrations, all sensor outputs are monitored every 30 seconds, and an automatic one-point calibration will be initiated if the instrument detects excessive drift in any channel.

5.2.2 Two-Point Calibration Schedule

	Cartridge Life after Warm-up
	Calibration Frequency

	30 min. to less than 50 min.
	every 20 minutes

	50 min. to less than 80 min.
	every 30 minutes

	80 min. to less than 2 hours
	every 40 minutes

	2 hours to less than 8 hours
	every hour

	8 hours to less than 20 hours
	every 2 hours

	20 hours to less than 40 hours
	every 3 hours*

	40 hours or greater
	every 4 hours*


* Or 20 samples, whichever comes first.

During the recovery following instrument restart, the instrument will perform a one-point or two-point calibration as needed before the Ready screen is displayed, then the calibration frequency will resume according to the previous schedule.

5.2.3 Low O2 Calibration Schedule

Low O2 calibrations occur once every 24 hours throughout cartridge life, after warm-up. Following the low O2 calibration, the instrument will perform one-point calibrations every three minutes for 15 minutes, then return to the previous schedule. The exact time of the day for performing the low O2 calibration is determined by the Key Operator during instrument setup.

5.2.4
Calibration Interruption

Calibrations can be interrupted to analyze samples in certain circumstances. If a sample is run when the instrument is performing a calibration that cannot be interrupted, it will display the message Calibration in progress for non-iQM cartridges or Process Control in progress for iQM cartridges. 

The following calibrations cannot be interrupted to analyze a patient sample:

· Two-point calibrations during the first four hours of cartridge life

· Two-point calibrations after the first four hours of cartridge life if the three previous two-point calibrations were interrupted for sample analysis

· Any low O2 calibration

· The first one-point calibration after sample analysis

The following calibrations cannot be interrupted to analyze a QC or CVP sample:

· Any low O2 calibration

· Any two-point calibration

· The first one-point calibration after sample analysis

NOTE: Do not interrupt calibrations in progress unless it is absolutely necessary to analyze an urgent sample. If a calibration is interrupted, always allow the sample analysis to complete.

6. QUALITY CONTROL/CVP
6.1
Quality Control for iQM Cartridges
CVP material must be run when each new cartridge is installed, after warm-up, prior to reporting patient results.  The iQM system then performs Quality Control on the reagent pack according to the schedule outlined in Section 5.2.
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
	GEM CVP IL Cat# 0024001811 (CVP 1), 0024001812 (CVP 2)

	Preparation
	1. Remove vials from refrigerator and allow standing at room temperature for 10 to 15 minutes.
2. Invert gently for 30 seconds.

	Storage/Stability
	Store at 2-8ºC.  Calibrator is stable until expiration date stamped on box.


6.3
Frequency
Tested when a new cartridge is installed.
6.4
Tolerance Limits
	IF………
	 THEN…

	If result fall within assay specification. “Pass” will display. 
	Proceed with analysis.

	If result falls outside assay specifications, “Fail” will be displayed.
	Troubleshoot the instruments using the Operator’s Manual as a guide, repeat the CVP with freshly opened CVP materials.


	Step
	Action

	1
	Corrective Action:

All rejected runs are effectively addressed through the instrument iQM management data. Steps taken in response to QC failures are documented by the instrument.  Instrument will reject any patient results on a failed run.

	2


	Review of QC

· Weekly and Monthly QC must be reviewed by the supervisor or designee on weekly and monthly basis. If the SD or CV are greater than established ranges, investigate the cause for the imprecision and document implementation of corrective actions.

· Monthly QC must be presented to Medical Director or designee for review and signature.

· Monthly QC SD and CV are sent to Bio-Rad for peer group review.

	3
	Rejection criteria: 

For all Rejection criteria see SOP PHQ.020. Runs where QC rules are violated will be rejected. It is the technologists’ responsibility to evaluate the Westgard Rules.


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

Record all quality control results on the GEM Premier 3500 QC log.
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 Premier 3500 System.
7.2
Equipment
N/A
7.3
Supplies
Orange backed square pads.
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
	Cartridge Insertion

	1.
	The GEM Premier 3500 will display the “Insert Cartridge” screen to prompt for cartridge insertion whenever a cartridge is not installed.

	2.
	Correct the instrument date and time if necessary.

	3.
	Unlatch the cartridge door on the instrument’s right side by sliding the lock handle to the front and opening the door.

	4.
	Check the label on the foil bag containing the GEM Premier 3500 PAK cartridge to be sure that the cartridge is not past its expiration date.

	5.
	Open the foil bag and remove the cartridge.  Check the inside of the foil bag to be sure that it is dry.  CAUTION:  If there is any moisture inside the foil bag, DO NOT USE the cartridge.  Open a fresh GEM Premier 3500 PAK cartridge and call Technical Support at Instrumentation Laboratory.

	6.
	Grasp the tab end of the plastic protective cover.  Pull firmly to remove the cover.  The protective cover must be inserted into the instrument within one minute of removing the protective cover.

	7.
	Align the cartridge according to the labels.  Using a rapid, smooth, continuous motion, insert the cartridge into the instrument’s cartridge compartment.  Note:  The cartridge cannot be inserted all the way into the compartment by hand.  A small lip of the cartridge will rest on the door.

	8.
	The system will prompt “Is the date/time correct?”  If correct, select Yes to proceed with warm-up.  Otherwise, select No to correct the date/time.

	9.
	Close the door, and slide the lock handle toward the back of the unit.


	8.2
	Cartridge Warm-up

	1.
	Cartridge warm-up requires approximately 30 minutes. Samples cannot be analyzed during cartridge warm-up, but the instrument does allow access to many of the menu commands.

	2.
	During cartridge warm-up, the instrument brings the measuring chamber to the proper temperature and performs several rinses and calibrations. If an error occurs during warm-up, the instrument will prompt for removal of the cartridge.

	3.
	The GEM Premier 3500 will also determine the type of cartridge during cartridge warm-up. The instrument’s response will depend upon how the iQM Mode is configured:

	4.
	· If iQM Mode is ON (Default), it will be left ON.

· If IQM Mode is Off, the instrument will display the message: Would you like to enable IQM?  If you enable IQM, CVP material should be ready for analysis.  Yes/No.  If Yes is selected, IQM Mode will be turned On.  If no is selected, IQM Mode will remain Off, and the IQM cartridge will be treated as a non-iQM cartridge.

	5.
	After iQM Mode has been configured (ON or OFF), the mode cannot be changed for the duration of the inserted iQM cartridge. After the cartridge is removed, iQM Mode will remain at its current setting but will be available for changing, if desired.

	6.
	When cartridge warm-up is complete, the instrument will display the Ready screen. The instrument will display a reminder to run all levels of CVP material, and the status of all analytes will be set to “Pending CVP.” All levels of CVP material must be run and within range before patient samples can be reported.


	8.3
	Patient Sample Analysis

	1.
	Obtain a properly collected, sample (See section 3.2).

	2.
	Ensure that the instrument is not currently running an iQM test.  If so, wait until the test is complete before mixing the sample.

	3.
	Mix the sample thoroughly:

a. Expel all air from the syringe and recap.

b. Grasp the syringe firmly by its barrel with a finger tightly over its cap, and repeatedly invert (rock) it at least 5 times.

c. Roll the syringe between flat palms at least five times.

	4.
	Check for the presence of clots by removing the cap and expelling a drop or two of the sample onto an orange backed pad.  If clots are suspected or detected, obtain another sample.

	5.
	At the GEM 3500 Ready screen, select the analytes to be tested, sample type and then press Go.

	6.
	Present the sample and follow the prompts on the screen.

	7.
	Enter the Operator and Patient demographic information.  NOTE:  The sample is currently being analyzed by the instrument and is not dependent on how quickly you enter this information so no need to hurry, make sure the information is correct before proceeding.

	8.
	Enter the results into the LIS.


9. CALCULATIONS

N/A
10. REPORTING RESULTS AND REPEAT CRITERIA

10.1
Interpretation of Data 

N/A
10.2
Rounding 

N/A
10.3
Units of Measure

	pCO2
	mmHg

	pO2
	mmHg

	HCO eq \O()3-
	mmol/L

	TCO2
	mmol/L

	BE
	mmol/L

	SO2c
	%


10.4
Clinically Reportable Range (CRR)

	Measured  Analytes
	Displayed Ranges

	pH
	6.80 to 7.80

	pCO2
	5 to 115 mmHg

	pO2
	0 to 760 mmHg


10.5 Repeat Criteria and Resulting

If a patient is on room air and pO2 + pCO2 is greater than 150 mmHg, retest the sample. If the repeat is still greater than 150 mmHg, call and recommend the ABG be redrawn due to possible contamination.
11. EXPECTED VALUES

11.1
Reference Ranges

	
	Arterial

	pH
	7.35 to 7.45

	pCO2
	35 to 48

	pO2
	83 to 108

	HCO eq \O()3-
	18.0 to 23.0

	TCO2
	22.0 to 29.01+2

	BE
	-2.0 to +3.0

	SO2c
	95 to 98


11.2
Priority 1 Limits

	pH
	7.20
	7.60

	pCO2
	20.0
	70.0

	pO2
	40.0
	


11.3
Priority 2 & 3 Limit(s)

None Established.
12. CLINICAL SIGNIFICANCE 

Blood gas tests are ordered when someone has symptoms of an O2/CO2 or pH imbalance, such as difficulty breathing or shortness of breath.  Many acute and chronic conditions can cause an imbalance and, while the blood gas tests do not tell the ordering physician the direct cause of the imbalance, they will point to either a respiratory or metabolic problem.
Blood gas measurements may be ordered if the patient is known to have a respiratory, metabolic, or kidney disease and are experiencing respiratory distress to evaluate the oxygenation and acid/base balance.  Patients who are “on oxygen” (have supplemental oxygen) may have their blood gases measured at intervals to monitor the effectiveness of treatment.  Blood gases may also be ordered for patients with head or neck trauma, or injuries that may affect breathing.  Patients undergoing prolonged anesthesia – particularly for cardiac bypass surgery or brain surgery – may have their blood gases monitored during and for a period after the procedure.  Checking the blood gases from the umbilical cord of newborns may undercover respiratory problems as well as determines the baby’s acid/base status.  Testing is usually only done if a newborn’s condition indicates that he or she may be having difficulty breathing.

13. PROCEDURE NOTES

· FDA Status: 

Approved

· Validated Test Modifications:

None
14. LIMITATIONS OF METHOD

14.1
Analytical Measurement Range (AMR)

	Measured  Analytes
	Displayed Ranges

	pH
	6.80 to 7.80

	pCO2
	5 to 115 mmHg

	pO2
	0 to 760 mmHg


14.2
Limitations
	
Limitation
	Description

	Contamination with Room Air
	Especially samples having very low or high pO2 content. Similarly, pCO2 may be affected and subsequently pH results as well.

	Metabolic Changes
	Errors can occur due to metabolic changes if there is a delay in the measurement of the samples.

	Elevated White Blood Cells or Reticulocyte Counts
	Samples will deteriorate more rapidly, even when kept in ice water.

	Improper Mixing
	Errors will be introduced if the sample is not properly mixed prior to measurement.

	Changes to Manufacturer’s Instructions or Method Verification Protocols
	Data obtained data may be compromised.

	Improper Installation
	The instrument must be installed per the manufacturer’s instructions. Prior to initiating any method evaluation protocol, acceptable cartridge performance must be demonstrated by acceptable calibration (no slope or drift errors) and all levels of QC solutions within acceptable ranges for non-iQM cartridges; all levels of CVP must be run and within acceptable ranges for iQM cartridges.

	Under-Heparinized Sample
	Blood clot can form in the sensor chamber causing various sensor failures if sample is not properly heparinized.


14.3
Interfering Substances

	Compound
	Test Level
	High “Normal” Level


	Ascorbic acid (vitamin C)
	3 mg/dL
	2 mg/dL

	Uric acid
	20 mg/dL
	7 mg/dL

	Dopamine
	2 mg/dL
	0.03 mg/dL

	Dobutamine
	2 mg/dL
	0.03 mg/dL


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 needle sticks 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

1. Instrumentation Laboratory GEM Premier 3500 Operator’s Manual P/N 26000200 
January 2009.
2. Current package insert.
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