
Title: Cerebrospinal Fluid (CSF) analysis using the ADVIA( 2120 Hematology System 

Principle of the Test

The ADVIA( 2120 CSF method provides a rapid, automated analysis of CSF samples by counting and distinguishing certain cell types. When using the CSF Assay, the CSF sample is mixed with ADVIA 120 CSF Reagent, which spheres and fixes the cells. After a minimum 4-minute to 4-hour incubation period, the prepared sample is then aspirated directly into the ADVIA 2120 system. The cells are then detected and enumerated based on light scatter and absorbance measurements using the ADVIA 2120 laser optics. A scatter versus scatter and scatter versus absorbance cytogram is displayed with the thresholds and results automatically calculated for each sample. Reportable parameters are WBC and RBC counts along with absolute and percentage counts for neutrophils, lymphocytes, monocytes, polymorphonuclear (PMN), and mononuclear (MN) cells. A research-use-only eosinophil count is also given.

Clinical Application and Usefulness

The CSF Assay is intended for in vitro diagnostic use in the quantitative determination of blood cells in cerebrospinal fluid (CSF) specimens. The CSF Assay provides leukocyte (CSF WBC) and erythrocyte (CSF RBC) counts as well as absolute and percentage counts for the CSF WBC differential. To arrive at a diagnosis and a course of treatment, results from the CSF Assay should be used in conjunction with other diagnostic information and the attending health-care professional’s evaluation of the patient’s condition.

Specimen Collection and Handling 

Specimen Collection
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	BIOHAZARD 

All products or objects that come in contact with human or animal body fluids should be handled, before and after cleaning, as if capable of transmitting infectious diseases. Wear facial protection, gloves, and protective clothing.


· Cerebrospinal fluid should be collected following established protocols.

· This assay requires 300 L of sample to complete analysis. Reserve sufficient sample volume for slide preparation or additional analysis if necessary.

· CSF patient samples are not stable and must be prepared with CSF reagent within one hour after collection.

· Prepared samples are stable between 4 minutes and 4 hours when stored at 18°C to 30°C.

Specimen Preparation

Use the following procedure to prepare CSF samples for analysis on the ADVIA 2120 Hematology System.

1. Add 300 µL of thoroughly mixed CSF patient sample to 300 µL of CSF Reagent in a labeled glass or plastic test tube.

2. Cap and mix the prepared sample by gently inverting it 5 - 10 times or vortexing for 5 seconds. Care should be taken to avoid foaming.

3. Incubate the sample at room temperature for at least 4 minutes. Samples should be assayed within 4 hours of preparation.

WARNING: The 4-minute incubation time is critical. Samples that are assayed before 4 minutes of incubation may exhibit incompletely sphered RBCs.

4. After preparing the sample, replace the reagent cap. 

5. After appropriate incubation, mix the sample again by inverting it 5-10 times or vortexing it for 5 seconds immediately before aspirating on the ADVIA 2120 Hematology System. Cells in prepared CSF samples will settle quickly due to low viscosity.

Specimen Rejection Criteria

· Do not use samples that are not prepared with CSF reagent within one hour of collection.

· Do not use prepared samples before the minimum 4 minute incubation is complete.

	Add your laboratory-specific rejection criteria here


Specimen Referral Criteria

	Add your laboratory-specific referral criteria here



Reagents

Storage and Stability

CSF Assay Reagents

· Store SHEATH/RINSE at 15°C - 30°C.

· Store CSF Reagent at 18°C - 30°C. 

· All unopened reagents are stable until the expiration date printed on the product label.

· Open containers of SHEATH/RINSE are stable for 45 days.

· Open containers of CSF Reagent are stable for one month.

· CSF Reagent should be clear, colorless, and free of visible particulate matter. Do not use if product is cloudy, discolored, or contains visible matter.

HARMFUL! IRRITANT! Contains 2% (Wt) formaldehyde. Limited evidence of a carcinogenic effect. May cause sensitization by skin contact. Wear suitable protection and gloves.

ADVIA OPTIpoint

· Store at 2°C - 8°C.

· Unopened bottles are stable until the last day of the month of the expiration date printed on the product label, or for one year.

· Open bottles are stable for 7 days.

· Refer to the product insert for complete details concerning description and handling.

· Before use allow ADVIA OPTIpoint to reach room temperature, then vortex vigorously for 30 to 60 seconds

ADVIA TESTpoint CSF Controls 
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	BIOHAZARD 

All products or objects that come in contact with human or animal body fluids should be handled, before and after cleaning, as if capable of transmitting infectious diseases. Wear facial protection, gloves, and protective clothing.


· Store at 2°C - 8°C. DO NOT FREEZE.
· Unopened bottles are stable until the last day of the month of the expiration date printed on the product label.

· Open bottles are stable for 10 days.

· Refer to the product insert for complete details concerning description and handling.

HARMFUL! IRRITANT! Contains 1% (Wt) formaldehyde. Limited evidence of a carcinogenic effect. May cause sensitization by skin contact. Wear suitable protection and gloves.

Reagent Ingredients

Reagent ingredients for the CSF assay are as follows:

	Reagent
	Volume
	Ingredients

	SHEATH/RINSE
	10.0 mL/vial or 
20.0 mL/vial
	Preservatives; Buffers; Surfactant

	CSF Reagent
	8.0 mL/bottle
	Formaldehyde, 2% (Wt); Glutaraldehyde, 0.28 % (Wt); Buffer; Surfactants


Reagents Special Preparation 

No special preparation of the reagents is required. 

Calibration 

Calibration is not required for the CSF Assay. Accurate cell counts are derived through correct RBC gain adjustment. For other system functions, calibrate the system as necessary using the instructions provided in the ADVIA 2120 Operator’s Guide.

Quality Control (QC)

For detailed QC procedural information, refer to the instructions provided in the ADVIA 2120 Operator’s Guide.

NOTE: Moving Average calculations are not available for CSF results.

QC Materials

Bayer recommends the use of ADVIA TESTpoint CSF Controls (Level 1 and Level 2).
QC Frequency

Control materials should be assayed:

· In accordance with your laboratory protocol 

· At the beginning of each shift or some other interval chosen by the laboratory

· After a reagent lot number change

· After replacement of any part or component of the analytical module that may affect analytical performance

	Add your laboratory-specific frequency for testing controls here



QC Preparation

Use the following procedure to prepare CSF controls for analysis on the ADVIA 2120 Hematology System.

1. Add 300 µL of thoroughly mixed CSF control sample to 300 µL of CSF Reagent in a labeled glass or plastic test tube.

2. Cap and mix the prepared sample by gently inverting it 5 - 10 times or vortexing for 5 seconds. Care should be taken to avoid foaming.

3. Incubate the sample at room temperature for at least 4 minutes. Samples should be assayed within 4 hours of preparation.

WARNING: The 4-minute incubation time is critical. Samples that are assayed before 4 minutes of incubation may exhibit incompletely sphered RBCs.

4. After preparing the sample, replace the reagent cap and return any quality control materials to refrigerated storage. 

5. After appropriate incubation, mix the sample again by inverting it 5-10 times or vortexing it for 5 seconds immediately before aspirating on the ADVIA 2120 Hematology System. Cells in prepared CSF samples will settle quickly due to low viscosity.

Troubleshooting Out-of-Range QC Values

A QC run is acceptable when all values fall within the expected ranges. 

If the CSF QC results do not fall within the defined ranges then the run is rejected, and you must take the following corrective action:

· review all instructions to ensure that the assay was performed according to outlined procedures 

· verify that the materials are not expired

· verify that required maintenance was performed

· if necessary, rerun the quality control samples 

· if necessary, contact Bayer Customer Service at 1-877-229-3711

Instrument Operation and System Description

The Cerebrospinal Fluid Assay is available on ADVIA( 2120 Hematology Systems equipped with the CSF software key and ADVIA 2120 system software Version 4.0 series or later.  

The ADVIA 2120 Hematology System is a fully-automated diagnostic instrument that uses cytochemical reactions to differentiate and count blood cells. The system consists of two components: the analyzer and the personal computer. The analyzer aspirates the CSF sample that has been prepared with CSF Reagent and analyzes the mixture. Once analyzed, the mixture is evacuated into the waste container and. the analyzer rinses the appropriate pathways. Test results are sent to the computer to be reviewed and edited.

Updates to the ADVIA 2120 system to accommodate the CSF Assay include Run Screen options, unit set options, and image options. Refer to the ADVIA 120 Cerebrospinal Fluid (CSF) Assay Customer Bulletin for more details. Because of the low number of cells counted in CSF analysis, the ADVIA 2120 hydraulic cycles were designed to eliminate carry-over when assaying CSF samples. Before assaying each CSF sample, the ADVIA 2120 rinses all reagent and sample pathways in preparation for the next sample.

WARNING: CSF samples must be run only in CSF mode using the manual open-tube sampling mode of the ADVIA 2120 system.

Consult the ADVIA 2120 Operator’s Guide for detailed information regarding ADVIA 2120 system software and procedures.

Daily Preparation and Maintenance

Before beginning the initial run for the day:

· Empty the waste container

· Empty the overflow bottle

IMPORTANT: If liquid consistently accumulates in the overflow bottle, contact your Bayer service representative.

· Check the reagents

· Check the background counts

· Check the disk space

· Review maintenance schedule and perform maintenance as required.

Refer to your ADVIA 2120 Operator’s Guide, Maintaining the Analyzer, for maintenance schedules and detailed information on performing maintenance.

Workorders

There are several ways to create and manage workorders for the ADVIA 2120 Hematology System, at the analyzer, uni-directionally at the host computer, or bi-directionally at the host computer. 

Analyzer Workorders

1. On the Data Manager menu, click Order Entry.

2. On the Access menu, click SID# (sample ID number), Pat# (patient number), or Name (patient name) depending on how you wish to organize your orders. 

3. In the box, type the appropriate information, then press Enter or click OK.

4. Enter CSF as the sample type. Use the Tab key to move from field to field.

5. Select tests.

6. Click OK to confirm the entries.

Host Computer Workorders, Uni-directional Mode

7. Create workorders at the host computer.

8. Do not download workorders to the system.

9. When available, sample results are uploaded to the host computer.

Host Computer Workorders, Bi-directional Mode

10. Create workorders at the host computer.

IMPORTANT: To avoid reporting results for the wrong patient, do not assign the same SID# to more than one patient number.

11. Download workorders to the system. 

12. Verify that workorders are available at the system by checking the list of pending orders.

13. If needed, change workorders at the system, or update at the host computer and download again.

14. When available, the sample results are matched with the workorders. The resulting report is uploaded to the host computer. 

Routine Analysis

WARNING: CSF samples must be run only in CSF mode using the manual open-tube sampling mode.

Running CSF Samples (Patient or Control) from the Manual Open-Tube Sampler

Before running patient CSF samples, please make sure that you are familiar with all of the information contained in the ADVIA 2120 Cerebrospinal Fluid (CSF) Assay Customer Bulletin.

15. If the Standby indicator is lit, press Standby.

16. On the Routine Operations menu, click the Manual Sample ID tab.

17. Click the Cerebrospinal Fluid button.

18. Click Initialize to wash the pathways and obtain a flow cell background count. After the system has completed the initialization cycle and the sample aspiration light is green, verify that background counts in the flow cell pathway are within acceptable limits. If background counts are not acceptable, perform one aspiration of a 25% bleach solution once, followed by two aspirations of distilled water or saline. The recommended values for these limits are: 

CSF R Count = 0 

CSF PHA WBC = 0 

CSF PHA Total <=10 

If background counts are not acceptable, perform one aspiration of a 25% bleach solution once, followed by two aspirations of distilled water or saline.

WARNING: Household bleach is 5% sodium hypochlorite, which can be used as a cleaning and antiviral agent. When handling bleach, wear protective clothing, gloves, and safety glasses. It is harmful if swallowed and may cause eye or skin irritation.

Use household bleach that is free of heavy metals.

To prepare a 25% solution of household bleach, dilute one part of bleach with three parts of clean distilled water, or clean deionized water. The prepared solution is stable for one week when stored at room temperature. 

NOTE: The CSF Wash cycle rinses the sample pathways without performing a background count. The CSF Refresh cycle refreshes the flow cell background count without rinsing the sample pathways. The background counts are stored in the startup log.

19. Select Primer as the Sample Type and click OK. Aspirate a saline primer to verify that background counts in the sample pathway are within acceptable limits. Make sure that Primer appears on the status line before aspiration.

20. If background counts are acceptable, proceed to step 8. If not, perform one aspiration of a 25% bleach solution followed by three aspirations of distilled water or saline, and repeat steps 5 and 6.

21. Select the correct sample type and then enter the sample or control information in the Manual Sample ID box or scan the barcode on the sample tube. Do not use sample barcode labels with selectivities encoded in them to enter sample identifications.
CAUTION: Make sure the correct sample ID and sample type appears on the status line before aspirating a sample using the manual open-tube sampler.
22. After appropriate incubation, mix the sample again, either by inverting it 5-10 times or by vortexing it for 5 seconds immediately before aspiration on the ADVIA 2120 Hematology System. Cells in prepared CSF samples will settle quickly due to low viscosity.

23. Aspirate the sample.

a. Position tube so that the sampler probe is immersed into the well-mixed sample. The sample probe should not contact test tube surface, which could block the free flow of sample into the probe.

b. Press the aspirate plate. The sampling light flashes during aspiration. Complete sample aspiration takes approximately 6 seconds and will consume almost the entire prepared sample. Do not remove sample until sampling light has stopped flashing. There is no Probe Clog message to indicate incomplete sample aspiration in the CSF Mode. Carefully observe the sample during aspiration to ensure that the sample probe is below the surface of the sample during the entire aspiration.

c. When the sampling light stops flashing, remove the tube. 

24. When the analysis of all CSF samples is complete and you would like to return to whole-blood operation, click the Exit button. The system will automatically return to the Whole Blood Manual Sample ID window.

When you exit CSF operation after running at least one sample or any cycle, the system asks if you are sure that you want to exit. Click OK to leave the Cerebrospinal Fluid (CSF) window. Click Cancel to keep using the CSF features.

NOTE: If any samples were processed or cycles run in the CSF mode, the system will perform a hydraulic exit cycle. If no samples or cycles were run in CSF mode, the system simply exits CSF mode.

TIP: If a system left in CSF mode has made the transition to Standby and you want to exit CSF mode to run whole-blood samples, switch to whole-blood operation before exiting standby. This will reduce unnecessary reagent use.
25. Validate results when available.

STAT Specimens

STAT CSF samples are run from the manual open-tube sampler. Follow directions as outlined above in Running CSF Samples (Patient or Control) from the Manual Open-Tube Sampler.

Reporting Results

As with all in vitro diagnostic assays, each laboratory should determine its own reference range(s) for the diagnostic evaluation of patient results.

Reference Interval

· WBC: 0 – 10 cells/(L

· MN: 0 – 10 cells/(L

· PMN: 0 – 4 cells/(L

	Add your laboratory-specific expected values here



Critical Values

	Add your laboratory-specific critical values here



Reporting Protocol for Critical Values

	Add your laboratory-specific protocol for reporting results here



Units for Reporting Results

The system reports CSF results in cells/(L. Units are user-defined in the system software.

Reportable Range

The CSF WBC count is accurate to 5 cells/(L over the range 0-50 cells/(L and accurate to 10% over the range 50-5,000 cells/(L.

The CSF RBC count is accurate to 5 cells/(L over the range 0-50 cells/(L and accurate to 10% over the range 50-2,880 cells/(L.

Acceptable Results

Patient test results are acceptable and may be reported when:

	Add your laboratory-specific acceptance criteria here



Corrective Action 

Patient test results must be repeated and corrective action taken when:

	Add your laboratory-specific repeat and corrective action protocol here



Procedure Notes

Calculations

The system automatically performs all calculations necessary for obtaining results for undiluted samples (samples prepared 1:1 with CSF reagent) and displays them on the Run Screen. The calculations for patient reporting parameters are summarized in the following table. 

	Parameter
	Calculation

	CSF WBC
	CSF WBC/(L = (CSF PHA WBC / CSF PHA Total x CSF PHA Cells) / (1-Fractional Dead Time) x Nominal Factor

	CSF PMN
	#CSF PMN/µL = (CSF PHA PMN / CSF PHA Total x CSF PHA Cells) / (1-Fractional Dead Time) x Nominal Factor

%CSF PMN = 100 x CSF PMN / CSF WBC

	CSF MN
	#CSF MN/µL = (CSF PHA MN / CSF PHA Total x CSF PHA Cells) / (1-Fractional Dead Time) x Nominal Factor

%CSF MN = 100 x CSF MN / CSF WBC

	CSF Neut
	#CSF Neut/µL = (CSF PHA Neut / CSF PHA Total x CSF PHA Cells) / (1-Fractional Dead Time) x Nominal Factor

%CSF Neut = 100 x CSF Neut / CSF WBC

	CSF Lymph
	#CSF Lymph /µL = (CSF PHA Lymph / CSF PHA Total x CSF PHA Cells) / (1-Fractional Dead Time) x Nominal Factor

%CSF Lymph = 100 x CSF Lymph / CSFWBC

	CSF Mono
	#CSF Mono/µL = (CSF PHA Mono / CSF PHA Total x CSF PHA Cells) / (1-Fractional Dead Time) x Nominal Factor

%CSF Mono = 100 x CSF Mono / CSF WBC

	CSF Eos
	#CSF Eos/µL = (CSF PHA Eos / CSF PHA Total x CSF PHA Cells) / (1-Fractional Dead Time) x Nominal Factor

%CSF Eos = 100 x CSF Eos / CSF WBC

	CSF RBC
	CSF RBC/µL = (CSF R Count / CSF PHA Total x CSF PHA Cells) / (1-Fractional Dead Time) x Nominal Factor

	CSF PHA Total
	The total number of cells displayed in the CSF Scatter/Scatter cytogram including the noise region

	CSF PHA Cells
	The total number of cells displayed in the CSF Scatter/Scatter cytogram excluding the noise region

	CSF %Noise
	The percentage of cells that are located in the noise region of the CSF Scatter/Scatter cytogram

	CSF PHA WBC
	The number of cells falling into the WBC regions of the CSF Scatter/Scatter cytogram

	CSF PHA Neuts
	CSF PHA Neuts = # cells in Neutrophil Region (CSF Scatter/Scatter Cytogram) – CSF PHA Eos (CSF Scatter/Absorption Cytogram)

	CSF PHA Lymphs  
	The number of cells falling in the Lymphocyte Region of the CSF Scatter/Scatter cytogram

	CSF PHA Monos
	The number of cells falling in the Monocyte Region of the CSF Scatter/Scatter cytogram

	CSF PHA Eos
	The number of cells falling in the Eosinophil Region of the CSF Scatter/Absorption cytogram

	CSF R Count
	The number of cells falling in the Red Cell Region of the CSF Scatter/Scatter cytogram


Dilutions

· Samples that are suspected of containing greater than 1500 RBC/L may be diluted.

· Phosphate buffered saline (PBS) is the preferred diluent for these samples, although normal saline may be also used.

· Samples diluted in normal saline should be prepared with CSF reagent immediately after dilution and will require a longer incubation period than undiluted samples or samples diluted in PBS. Refer to the section, Interfering Substances/Analysis Artifacts, of this procedure for details.

· Samples may be diluted up to 1:10 [1 part sample and 9 parts phosphate buffered saline (PBS) or normal saline] before preparation with CSF reagent.

· The results of samples that have been diluted with PBS or normal saline before preparation with CSF reagent must be corrected for the dilution factor.

· If a sample is diluted, the absolute counts should be multiplied by the dilution factor. Enter the dilution factor in the Dil. field of the Order Entry tab when creating the workorder. The results displayed in the Review/Edit tab, and printed on the final patient report will be automatically corrected by the entered dilution factor. Results on the Run Screen are not corrected for the dilution factor.

· Differential percentages are not affected by dilution.

Test Results

ADVIA 2120 results should be reviewed for conditions listed in the Limitations of the Procedure section in this procedure. If a sample displays any of the listed conditions, the ADVIA 2120 results should be confirmed.

Disposal

Dispose of hazardous or biologically contaminated materials according to the practices of your institution. Discard all materials in a safe and acceptable manner, and in compliance with all federal, state, and local requirements. 

Method Limitations

· CSF WBC percent differential results for samples with WBC counts less than 20 cells/µL should be confirmed using an alternate method.

· The CSF Assay can accurately analyze samples with up to 1500 RBC/µL. Samples that are suspected of containing greater than 1500 RBC/µL may be diluted up to 1:10 with PBS.

· The ADVIA 2120 Hematology System provides no morphology flagging to indicate the presence of abnormal cells in the CSF Assay. Only High / Low flagging and the Laser Power Low system flag are enabled for the CSF Assay.

· Qualitative evaluation of cytograms for potential sample interferences, such as an excessive number of RBCs in the CSF sample, is essential. Examples of cytograms that may lead to inaccurate CSF results are found in the Interfering Substances/Analysis Artifacts section below.

· Improper sample handling or failure to review CSF cytograms for possible interferences/analysis artifacts may produce erroneous results. Examples of improper sample handling include, but are not limited to:

Inadequate mixing of CSF patient sample or prepared sample before aspiration on the ADVIA 2120 system

Incomplete sample aspiration on the ADVIA 2120 system

Incomplete incubation time

· Samples with total protein content 500 – 1000 mg/dL should be analyzed within 1 hour after preparation with CSF reagent. Increased protein concentrations may cause precipitation of cells and proteins in the prepared sample.

· The CSF RBC count provides no information to distinguish between elevated CSF RBC counts due to cerebral hemorrhage or traumatic spinal tap.

For additional information on performance characteristics, see the detailed information in the ADVIA 2120 Operator’s Guide.

Interfering Substances/Analysis Artifacts

· Samples containing oily or fatty contaminants may interfere with the ADVIA 2120 cell counts. Avoid oily contaminants, such as silicone used to lubricate the stoppers of blood collection tubes. The cytogram below shows part of an oil signature falling in the CSF RBC counting region, falsely increasing the CSF RBC count. CSF RBC results from this sample should be confirmed.
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· RBC coincidence events in samples with RBC counts greater than 1500 cells/µL may cause falsely elevated CSF WBC counts and incorrect CSF WBC differentials. The sample below is an extreme example of RBC coincidence events in a high RBC count sample. Such a sample should be diluted to acceptable RBC limits in PBS before preparation with CSF Reagent and reanalyzed. RBC coincidences are circled in the cytograms below. CSF WBC results from this sample are falsely elevated due to the presence of coincidence events.
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· RBCs in samples that have been diluted with normal saline before preparation with CSF reagent require a longer incubation period to sphere the RBCs in the sample. The preferred diluent for CSF samples is PBS. The cytograms below are from two saline dilutions of the same sample. In the cytogram on the left, the sample had been incubated for 4 minutes. In the cytogram on the right, the sample had been incubated for 10 minutes. RBCs in the 4-minute sample are incompletely sphered and fall in the lymphocyte region of the cytogram, falsely elevating the CSF WBC count. RBCs in the 10 minute sample are completely sphered, fall within the CSF RBC region, and are correctly counted as CSF RBCs. Samples diluted with normal saline must be prepared with CSF reagent immediately after dilution and must be incubated for 10 minutes in order to allow complete RBC sphering.
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· Samples containing microcytic and/or hypochromic RBC populations may falsely decrease the CSF RBC count. The cytogram below shows an RBC population that is both microcytic and hypochromic. A portion of the CSF RBC population has fallen into the noise region and will not be included in the CSF RBC count. The CSF RBC count for this sample should be confirmed.
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· Samples containing RBC populations that fail to sphere completely may give falsely elevated CSF WBC counts and incorrect CSF WBC Differentials. The cytogram below shows a sample with incompletely sphered RBCs that fall into the lymphocyte region, falsely increasing the CSF WBC count, the CSF Lymphocyte count and the lymphocyte differential percentage. ADVIA 2120 CSF results from this sample should be confirmed.
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· Budding yeast forms in the sample below are circled. The signature of these cells may overlay both CSF RBC and CSF WBC counting areas, falsely elevating CSF RBC and WBC counts. ADVIA2120 CSF results from this sample should be confirmed.
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Equipment and Supplies

· ADVIA 120 CSF Assay Startup Kit

· ADVIA 2120 Software Kit, Version 4.0 Series (or later version)

· ADVIA 120 CSF Reagent

· ADVIA 120 SHEATH/RINSE

· ADVIA OPTIpoint

· ADVIA TESTpoint CSF Controls 

· Household bleach (5% sodium hypochlorite)

· Variable-volume precision 1 mL pipette with disposable tips or equivalent
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Technical Assistance

Bayer Diagnostics Technical Care Center: 1-877-229-3711 

Serial Number: 

Customer Account Number: 

Bayer HealthCare LLC

511 Benedict Avenue

Tarrytown, NY 10591

ADVIA is a registered trademark of Bayer HealthCare LLC. 

OPTIpoint and TIMEPAC are trademarks of Bayer HealthCare LLC.

Windows is a registered trademark of Microsoft Corporation, Redmond, WA.
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