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1.0 
Principle 
1.1 The brain and the spinal cord are covered by three meningeal membranes, which are as follow from the outside inward:  dura mater, arachnoid, and pia mater.  Cerebral spinal fluid (CSF) is present in the subarachnoid space between the arachnoid mater and the pia mater, and circulates over the cerebral hemispheres and downward over the spinal cord.

1.2 CSF acts as a protective cushion for the underlying central nervous tissue.  Other functions include collection of waste, circulation of nutrients and lubrication of the Central Nervous System.

1.3 Most of the CSF is formed by the choroids plexuses through ultrafiltration 
and active secretion.  Other sites of CSF formation include extrachoroidal sites such as the ependymal lining of the ventricles and the cerebral subarachnoid spaces. 

1.4 The total CSF volume is 90 to 150 mL in adults, and 10 to 60 mL in neonates.  CSF is examined macroscopically and microscopically in the Hematology department for the presence of normal or pathological findings.

2.0 
Materials and Reagents
2.1 Hemocytometer - spencer bright line with improved Neubauer ruling and cover glass or C-Chip disposable hemacytometer. 

2.2 Saline as diluting fluid
2.3 MLA pipettes for WBC and RBC dilutions, 10µl for loading fluids 

2.4 Moist Petri dish

2.5 Cytospin set up
2.6 Streck Cell-Chex, assayed control

3.0 
Procedure
3.1 Note -- Follow universal precaution when handling specimens.

3.2 Report gross appearance including color and turbidity, e.g., clear and colorless, clear and xanthochromic, etc.  For other descriptions, refer to the CSF cell count resulting in the computer.  If the specimen is bloody, centrifuge a small amount before reporting the color, or check with Chemistry department to verify the color with the spun specimen.  If the appearances among different tubes are different, indicate specific appearance of all tubes.
3.3 Clots may be present in patients with traumatic taps, complete spinal block or suppurative or tuberculous meningitis.  When clots are present the results of the cell count may not be accurate.  Perform cell count and make slide for differential. Notify the clinician/RN and inform him/her that an accurate cell count and/or WBC differential is not possible due to clots. Seek supervisor or pathologist consult if needed.   Document the presence of clots in specimen, the name of the clinician/RN notified and the date and time of the notification in the final report.  
3.3 Report the total approximate volume of sample received.
3.4 Cell count is usually done on tube #3 or the last tube unless specified otherwise.  The CLS performing the analysis is responsible for and must communicate with the clinician if needed to clarify test request orders, if needed.
3.5 The method of filling the counting chamber and perform cell count varies with different sample appearances:

3.1 Clear and colorless specimens
3.1.1 Mix the tube well and plate undiluted specimen into the counting chambers.

3.1.2 Place a drop of CSF on a microscopic slide.  Examine the drop (without coverslip) and report the percentage of crenated RBC vs. fresh cells.

3.1.3 Count the total white blood cells (WBC) and red blood cells (RBC) in both chambers.  The counts of the two chambers should agree within 20%.

3.1.4 Document results on “Body Fluid Worksheet” (form H008/2017) and enter results in the appropriate fields in the laboratory information system.

3.2 If WBC’s are present, perform a WBC differential.

3.2.1 If fluid volume permits, prepare cytospin slides (see “Cytospin 4” procedure of this manual) for differential counts.

3.2.2 If fluid volume is limited, add CSF diluting fluid directly to counting chamber AFTER cell count is completed, then perform differential.
3.3 Bloody and turbid specimens

3.2.3.1 Tighten cap and mix tube well.
3.2.3.2 Place a drop of CSF on a microscopic slide.  Examine the drop (without coverslip) and report the percentage of crenated RBC vs. fresh cells.  At the same time determine the dilution needed for cell count.

3.2.3.3 Use the following chart as guideline for dilutions:

	Clarity
	Dilution
	Sample
	Diluent

	Slight hazy
	1:10
	20 µL
	180 µL if sample volume is limited.

	
	1:10
	0.1 mL
	0.9 mL if sample volume permits

	Hazy
	1:20
	20 µL
	380 µL if sample volume is limited.

	
	
	0.1 mL
	1.9 mL if sample volume permits

	Slight bloody
	1:100
	0.1 mL of 1:10
	0.9 mL 

	Bloody
	1:200
	0.1 mL of 1:20
	0.9 mL


3.2.3.4 Mix the diluted sample.  Load the chambers and count as describe in steps 3.4.1.3 and 3.4.1.4.  If it is difficult to differentiate WBCs from RBCs, add a drop of methylene blue to the diluent before making dilution.
3.2.3.5 Make two cytospin smear according by adding 3-5 drops of sample and 1 drop of 22% albumin to the sample chamber.  If < 3 ml use a smaller sample size. 
3.2.4 Stain slides with Wright stain

3.2.5 Perform differential counts

3.6 Record cell counts on “Body Fluid Worksheet” (form H008/2017).  Calculation of final cell count is done by the computer, review to verify the calculation and sign the LIS review section on the worksheet.
4.0 
Quality Control
4.1 Body Fluid Cell Count Controls (Cell Chex)
Instructions:  Both levels are run each shift when patient testing is performed.  
4.1.1     Storage and Stability
i. Cell-Chex body fluid control is stable through the expiration date when stored at 2 °C to 10 °C. After opening,

ii. Cell-Chex is stable throughout the open-vial dating, as indicated on the assay sheet, when stored at 2 °C to 10 °C.

4.1.2 Procedure 

4.1.2.1 Remove the controls from the refrigerator. It is not necessary to warm the controls to room temperature before using. 2. To mix: (Do NOT mix mechanically or vortex.) 
4.1.2.2 Hold the vial vertically and roll each vial between the palms of the     
                                               hands for 15-20   seconds  
[image: image2.emf]
4.1.2.3 [image: image3.emf]Continue to mix by holding the vial by the ends between the thumb and finger,   rapidly inverting the vial 20 times end-over-end using a very quick turning motion of the wrist.                       
4.1.2.4 Analyze immediately after mixing. Subsequent analyses during this test period may be performed by inverting the vial 5 times prior to sampling.
4.1.2.5  Steps 4.3.1 to 4.3.3 must be repeated upon removing the sample from the refrigerator for the entire open-vial time period. 
4.1.2.6 Samples must be removed using a clean capillary tube or pipette tip.

4.1.2.7 The vial must be closed immediately after sampling is complete. Care should be taken to prevent cross-contamination of the control.
4.1.2.8 Refer to the hemacytometer package insert in use for specific instructions. The Level 2 control is concentrated enough to perform a dilution and obtain a reportable value. 
4.1.2.9 Count cells and record results on Hemacytometer Cell Count QC Log (FormH016/2009)
4.2 Diluting Fluid Check – Examine diluting fluid to ensure acceptability and document on form H008/2017.  Be sure to select N/A when a sample dilution is not performed.
5.0 
Reporting of Results
4.1 Report appearance and quantity of fluid.

4.2 Report total number of RBC per cu mm (µL).

4.3 Report total number of WBC per cu mm (µL).

4.4 Report differential count.  Indicate that differential count is done on cytospin smear, and the number of cells counted if differential is done on less than 100 cells
4.5 CSF with questionable cells must be reviewed by pathologist as soon as possible.  If a pathologist is not available, report preliminary results with comment “To be reviewed by pathologist”. Submit slide(s) for review to Pathologist with worksheet. Once review is done enter results in the “Path Review” section in the laboratory information system and finalize the report.  Leave worksheet with Pathologist comments in the “Pathology Review” notebook located in the work area.

6.0 
Reference Ranges
5.1 Appearance:  clear and colorless
5.2 Cell Count:

5.2.1 RBC:  None

5.2.2 WBC:  Adults 0-5 cells/µL, Neonates 0-30 cells/µL
5.3 Differential:
	Cell Type
	Adults (%)
	Neonates (%)

	Lymphocytes
	62 ± 34
	20 ± 18

	Monocytes
	36 ± 20
	72 ± 22

	Neutrophils
	2 ± 5
	3 ± 5

	Macrophage (Histiocyte)
	Rare
	5 ± 4

	Mesothelial (Ependymal) 
	Rare
	Rare

	Eosinophils
	Rare
	Rare


7.0  ATTACHMENTS

7.1  Form H008/2017, Clinical Laboratory Body Fluid Worksheet

7.2  Form H016/2009, Hemacytometer Cell Count QC Log
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8.4    Cytospin 4 Procedure, Hematology Department, Marina del Rey Hospital, effective               

   date 2/22/2011
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