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1.0 PRINCIPLE/PURPOSE:

1.1 The Na+, K+ and Cl- methods are in vitro diagnostic tests for the quantitative measurement of sodium, potassium and chloride in human serum, plasma and urine on the Dimension Vista® System.
1.2 Sodium, potassium and chloride (Na+, K+, Cl-), also referred to as electrolytes, are commonly analyzed together in a metabolic panel since their concentrations provide the most relevant information about osmotic, hydration, and pH status of the body.1 The methods for measurement of electrolytes include flame photometry, spectrophotometry and direct or indirect ion selective electrode potentiometry. 
1.3 Na+ K+ Cl- methods use indirect V-LYTE® Integrated Multisensor Technology (IMT). There are four electrodes used to measure electrolytes on the Dimension Vista® V-LYTE® system. Three of these electrodes are ion selective for sodium, potassium and chloride. A reference electrode is also incorporated in the multisensor. Diluted sample (1:10 with V-LYTE® Diluent) is positioned in the sensor and Na+, K+ or Cl- ions establish equilibrium with the electrode surface. A potential is generated proportional to the logarithm of the analyte activity in the sample. The electrical potential generated on a sample is compared to the electrical potential generated on a standard solution, and the concentration of the desired ions is calculated by use of the Nernst equation.1
2.0 PERFORMANCE SPECIFICATIONS:

2.1 Test Conditions:

	Sample Volume
	25 µL

	Diluent Volume
	225 µL

	Temperature
	37.0 °C

	Reaction Time
	21 seconds

	Type of Measurement
	Indirect Potentiometric


3.0 SPECIMEN TYPE:

3.1 Recommended specimen types: serum, plasma (lithium heparin only), urine.
3.2 Follow manufacturer’s instructions for collection, tube handling, spin times and g-force especially when using plastic blood collection tubes. Failure to follow the blood collection tube manufacturer’s instructions may result in increased maintenance or troubleshooting of the IMT system.3
3.3 Sodium, potassium and chloride in serum and plasma are stable for at least one week either at room or refrigerator (2 – 8 °C) temperature and for at least one year frozen.2 
3.4 Twenty-four hour urine collection for sodium, potassium and chloride should be made without addition of preservatives. Store at 2 – 8 °C or frozen for delayed analysis.2
3.5 Commercial standard solutions prepared for flame emission photometers should not be used since viscosity adjusters and wetting agents may affect electrode performance.
3.6 Control products stabilized with ethylene glycol or preserved with azide MUST NOT be used on the sensor of the Dimension Vista® System. These will interfere with the sensor membranes, altering their performance characteristics.
4.0 EQUIPMENT AND REAGENTS:

4.1 Reagents:
V-LYTE® Integrated Multisensors 

Contents: 2




4.1.1
V-LYTE® Standard B/Salt Bridge #1 (Cat No. K825):

	
	Standard B
	Salt Bridge Solution

	Contents: 
	0.125 L
	0.125 L

	
	Na+
9.9 mmol/L
	Na+
< 0.1 mmol/L

	
	K+
0.2 mmol/L
	K+
120.0 mmol/L

	
	Cl-
5.9 mmol/L
	Cl-
120.3 mmol/L 

	
	Buffer, Preservative, Surfactant 
	Preservative, Surfactant





4.1.2
V-LYTE® Standard A #2 (Cat No. K820):

	Contents: 1.5 L
	Na+
19.9 mmol/L
	

	
	K+ 
0.4 mmol/L
	

	
	Cl-  
11.5 mmol/L
	

	
	Buffer, Preservative, Surfactant





4.1.3
V-LYTE® Diluent #3 (Cat No. K835):

	Contents: 1.5 L
	Na+
6.5 mmol/L
	

	
	K+ 
< 0.005 mmol/L
	

	
	Cl-  
0.3 mmol/L
	

	
	Buffer, Preservative, Surfactant





4.1.4
V-LYTE® Dilution Check #4 (Cat No. K840):

	Contents: 6 x 2.0 mL
	Na+
140 mmol/L
	

	
	K+ 
4 mmol/L
	


4.2 Reagent Preparation: All reagents are liquid and ready to use.

4.3 Storage: 
For fluids 1, 2, 3 see package label

Multisensors: store at 2 – 8 °C
Dilution Check: store at 2 – 30 °C

	Stability:
	Unopened
	Opened

	V-LYTE® Standards A & B/Salt Bridge: 
	see package label 
	until container empty/see package label

	V-LYTE® Diluent:
	see package label 
	until container empty/see package label

	V-LYTE® Multisensor:
	see package label 
	14 days or 5000 samples

	V-LYTE® Dilution Check:
	see package label
	Single use only




4.4
Materials Provided:

	V-LYTE® Integrated Multisensor
	Cat No. K800

	V-LYTE® Standard A
	Cat No. K820

	V-LYTE® Standard B/Salt Bridge
	Cat No. K825

	V-LYTE® Diluent
	Cat No. K835

	V-LYTE® Dilution Check
	Cat No. K840




4.5
Materials Required But Not Provided:
Quality Control Materials
5.0 CALIBRATION:

	5.1  Calibration Material
	V-LYTE® Integrated Multisensor, Cat No. K800
V-LYTE® Standard A, Cat No. K820
V-LYTE® Standard B/Salt Bridge, Cat No. K825

	5.2  Calibration Scheme
	2 levels, n=2

	5.3  Units
	mmol/L

	5.4  Typical Calibration Levels
	Standard A: Na+ [19.9 mmol/L]; K+ [0.4 mmol/L], 
Cl- [11.5 mmol/L]
Standard B: Na+ [9.9 mmol/L]; K+ [0.2 mmol/L], 
Cl- [5.9 mmol/L]

	5.5  Calibration Frequency
	The Dimension Vista® IMT system performs a two point automatic calibration in duplicate every 4 hours. In addition, the system will routinely perform a one point calibration check with each sample measurement.
Auto-calibration occurs after power-on, with the changing of standards A, B, or a sensor and when the system software is reset. Calibration can be initiated at any time a sample is not being run.

	5.6  A new calibration is required:


	· After major maintenance or service, if indicated by quality control results 

· As indicated in laboratory quality control procedures 

· When required by government regulations


5.7 Dilution Check:  A verification of the system dilution ratio, using Dilution Check (K840), should be performed with the instrument preventative maintenance procedure or if indicated by quality control results.

6.0 PROCEDURE:

6.1 Sampling, reagent delivery, mixing, and processing are automatically performed by the Dimension Vista® System. For details of this processing, refer to your Dimension Vista® Operator’s Guide.
7.0 QUALITY CONTROL:

7.1 At least once each day of use, analyze two levels of a Quality Control (QC) material with known Na+, K+, Cl- concentrations. The results obtained should fall within the acceptable limits defined in laboratory internal QC procedures. If the results fall outside acceptable limits, follow the procedure outlined in the Dimension Vista® Operator’s Guide.
8.0 INTERFERENCES/CROSS-REACTIONS:

8.1 Interfering Substances:

8.1.1 HEMOLYZED SAMPLES MAY GIVE INCORRECT ELEVATED POTASSIUM RESULTS. Intracellular potassium concentration is 30 – 50 fold greater than that of extracellular serum or plasma.
8.1.2 As a precautionary measure, an Alert Hemoglobin (H) index of 3 equivalent to 25 – 30 mg/dL of hemoglobin, can be configured for K+ during method installation.
8.1.3 Salicylate has been shown to increase chloride results over the operational life of the chloride electrode. Salicylate at 
60 mg/dL [4.34 mmol/L] increases the chloride result at 103 mmol/L by 15%. Salicylate at 20 mg/dL [1.45 mmol/L] increases the chloride result at 103 mmol/L by 4%.
8.2 Maximum Observed Repeatability :  The expected maximum observed standard deviations for repeatability (within-run precision) using n=5 replicates at the following Na+, K+ and Cl- concentrations are:

	Na+ concentration
	Acceptable SD Maximum

	120 mmol/L
	5.4 mmol/L

	164 mmol/L
	4.9 mmol/L

	K+ concentration
	Acceptable SD Maximum

	4.0 mmol/L
	0.17 mmol/L

	7.4 mmol/L


	0.29 mmol/L

	Cl- concentration
	Acceptable SD Maximum

	99 mmol/L
	4.2 mmol/L

	123 mmol/L
	4.9 mmol/L


8.2.1
A system malfunction may exist if the acceptable SD maximum is exceeded.

8.3 Specific Performance Characteristics:  The following data represent typical performance for the Dimension Vista® System.
8.3.1 Precision6
	Material
Sodium (Na+)
	Mean
mmol/L
	Standard Deviation (%CV)

	
	
	Repeatability
	Within-Lab

	Serum pool
	201
	1.3 (0.7)
	2.1 (1.1)

	Multiqual® Unassayed L2
	140
	1.3 (0.9)
	1.8 (1.3)

	Multiqual® Unassayed L3
	164
	1.2 (0.7)
	1.7 (1.0) 

	LiquiChek™ Urine Chemistry Control L1
	85
	0.8 (0.9)
	1.1 (1.3)

	Material
Potassium (K+)
	Mean
mmol/L
	Standard Deviation (%CV)

	
	
	Repeatability
	Within-Lab

	Serum pool
	9.0
	0.07 (0.9)
	0.10 (1.1)

	Multiqual® Unassayed L2
	4.0
	0.04 (1.0)
	0.06 (1.4)

	Multiqual® Unassayed L3
	7.4
	0.07 (0.9)
	0.10 (1.4)

	LiquiChek™ Urine Chemistry Control L1
	31.4
	0.47 (1.5)
	0.58 (1.9)

	Material
Chloride (Cl-)
	Mean
mmol/L
	Standard Deviation (%CV)

	
	
	Repeatability
	Within-Lab

	Serum pool
	174
	1.6 (0.9)
	2.0 (1.2)

	Multiqual® Unassayed L2
	99
	1.0 (1.0)
	1.5 (1.5)

	Multiqual® Unassayed L3
	123
	1.2 (1.0)
	1.6 (1.3)

	LiquiChek™ Urine Chemistry Control L1
	102
	1.0 (1.0)
	3.1 (3.0)


8.3.2 CLSI/NCCLS EP5-A2 was used. During each day of testing, two separate runs, with two test samples, for each test material, were analyzed for 20 days.

8.3.3 Multiqual® is a registered trademark and LiquiChek™ is a trademark of Bio-Rad Laboratories, Irvine, CA 92618, USA.

8.4
Method Comparison:

	8.4.1  Regression Statistics:

	Serum/Plasma
Comparative Method
	Slope
	Intercept
mmol/L
	Correlation Coefficient
	n

	Sodium
	1.02
	-1.30
	0.997
	103

	Potassium
	1.01
	-0.06
	0.999
	103

	Chloride
	1.02
	-0.30
	0.998
	104

	Urine
Comparative Method
	Slope
	Intercept
mmol/L
	Correlation Coefficient
	n

	Sodium
	0.98
	2.5
	0.998
	52

	Potassium
	1.00
	0.12
	0.999
	52

	Chloride
	1.02
	-3.30
	0.998
	51


8.4.2
CLSI/NCCLS EP9-A2 was used. The method used to fit the linear regression line was ordinary least squares.

8.4.3
Comparative method = Dimension® QuikLYTE® Integrated Multisensor

8.4.4
The range of Na+ values in the correlation study was: Serum (82 – 196), Urine (17 – 254) mmol/L.

8.4.5
The range of K+ values in the correlation study was: Serum (1.8 – 10.0), Urine (5.3 – 241.9) mmol/L.

8.4.6
The range of Cl- values in the correlation study was: Serum (50 – 175), Urine (16 – 299) mmol/L.

8.5
Specificity:

8.5.1
HIL interference:  The Na+, K+, Cl- method was evaluated for interference according to CLSI/NCCLS EP7-A2.4 Bias is the difference in the results between the control sample (without the interferent) and the test sample (contains the interferent) expressed in percent. Bias exceeding 10% is considered interference.
	Substance Tested 
	Substance Concentration
	Concentration 

mmol/L 
	Bias * %

	Hemoglobin
	750 mg/dL [0.47 mmol/L]
	Na+ 132 
K+ 3.8
Cl- 97
	<10
<10
<10

	Bilirubin (unconjugated)
	60 mg/dL [1026 µmol/L]
	Na+ 132
K+ 3.8
Cl- 97
	<10
<10
<10

	Bilirubin (conjugated)
	60 mg/dL [1026 µmol/L]
	Na+ 132
K+ 3.8
Cl- 97
	<10
<10
<10

	Lipemia (Intralipid®)
	3000 mg/dL [33.9 mmol/L]
	Na+ 132
K+ 3.8
Cl- 97
	<10
<10
<10



8.5.2
Intralipid® is a registered trademark of Fresenius Kabi AG, Bad Homburg, Germany.




*NOTE:   Analyte results should not be corrected based on this bias.
8.6 Non Interfering Substances:The following substances do not interfere with the Na+, K+, Cl- method when present in serum and plasma at the concentrations indicated. Inaccuracies (biases) due to these substances are less than 10% at approximate concentration of Na+ 130 mmol/L, K+ 3.6 mmol/L, and Cl- 95 mmol/L.

	Substance
	Test Concentration
	SI Units

	Acetaminophen
	0.025 mg/dL 
	1.66 µmol/L

	Amikacin
	15 mg/dL 
	256 µmol/L

	Ampicillin
	5.3 mg/dL 
	152 µmol/L

	Ascorbic Acid 
	5 mg/dL 
	227 µmol/L

	Caffeine
	6 mg/dL 
	308 µmol/L

	Carbamazepine
	3 mg/dL 
	127 µmol/L

	Chloramphenicol
	5 mg/dL 
	155 µmol/L

	Chlordiazepoxide
	1 mg/dL
	33.3 µmol/L

	Chlorpromazine
	0.2 mg/dL 
	6.27 µmol/L

	Cholesterol
	500 mg/dL
	12.9 mmol/L

	Cimetidine
	2 mg/dL 
	79.2 µmol/L

	Creatinine
	30 mg/dL
	2652 µmol/L

	Dextran 40
	6000 mg/dL
	1500 µmol/L

	Diazepam
	0.5 mg/dL 
	17.6 µmol/L

	Digoxin
	5 ng/mL
	6.15 nmol/L

	Erythromycin
	6 mg/dL 
	81.6 µmol/L

	Ethanol
	400 mg/dL
	86.8 mmol/L

	Ethosuximide
	25 mg/dL 
	1770 µmol/L

	Furosemide
	6 mg/dL 
	181 µmol/L

	Gentamicin
	12 mg/dL
	251 µmol/L

	Heparin
	3 U/mL
	3000 U/L

	Ibuprofen
	50 mg/dL 
	2425 µmol/L

	Immunoglobulin G (IgG)
	5 g/dL
	50 g/L

	Lidocaine
	1.2 mg/dL 
	51.2 µmol/L

	Lithium
	2.3 mg/dL 
	3.2 mmol/L

	Nicotine
	0.1 mg/dL
	6.2 µmol/L

	Penicillin G
	25 U/mL 
	25000 U/L

	Pentobarbital
	8 mg/dL 
	354 µmol/L

	Phenobarbital
	10 mg/dL
	431 µmol/L

	Phenytoin
	5 mg/dL 
	198 µmol/L

	Primidone
	4 mg/dL 
	183 µmol/L

	Propoxyphene
	0.2 mg/dL
	4.91 µmol/L

	Protein: Albumin
	6 g/dL
	60 g/L

	Protein: Total 
	12 g/dL
	120 g/L

	Theophylline
	4 mg/dL
	222 µmol/L

	Triglycerides
	3000 mg/dL
	33.9 mmol/L

	Urea
	500 mg/dL
	83.3 mmol/L

	Uric Acid
	20 mg/dL
	1190 µmol/L

	Valproic Acid
	50 mg/dL
	3467 µmol/L


9.0 CALCULATING RESULTS:

9.1 Results: The instrument calculates the concentration of Na+, K+ and Cl- in mmol/L using the Nernst equation.2
9.2 Calculated Results: Anion Gap is also calculated based on the following equation:





Anion GAP (AG) = Na+ – (Cl- + CO2)

9.3 Results of these tests should always be interpreted in conjunction with the patient’s medical history, clinical presentation and other findings.
9.4 Measuring Range (Reportable Range):
	
	Serum/Plasma
	Urine

	Sodium
	50 – 200 mmol/L
	5 – 300 mmol/L

	Potassium
	1 – 10 mmol/L
	1 – 300 mmol/L

	Chloride
	50 – 200 mmol/L
	10 – 330 mmol/L


9.4.1 This is the range of analyte values that can be measured directly on the specimen without any dilution or pretreatment that is not part of the usual analytical process. The reportable range is equivalent to the assay range or analytical measurement range (AMR).

9.4.2 Urine samples with results in excess of Na+ > 300 mmol/L, K+ > 300 mmol/L, Cl- > 330 mmol/L should be repeated on dilution.

9.5 Manual dilution:

9.5.1 Urine: Dilute 1 part urine with 1 part Reagent grade water. Enter dilution factor of 2. Reassay. Resulting readout is corrected for dilutions.

10.0 REFERENCE INTERVALS:
10.1 Chloride:
</= 7 days

96 – 111 mmol/L

8 – 180 days

96 – 110 mmol/L

181 days -<1 yr

96 – 108 mmol/L

1 – 19 yr

96 – 109 mmol/L

>/= 20 yr

95 – 107 mmol/L

10.2 Potassium (serum):

</= 30 days

3.2 – 6.0 mmol/L

31 days – <1 yr

3.5 – 6.0 mmol/L

1 – 5 yr


3.5 – 5.5 mmol/L

>/= 6 yr


3.5 – 5.1 mmol/L

10.3 Potassium (urine 12/24 hr):

25.0 – 125.0 mmol/d

10.4 Potassium (urine random):

25 – 125 mmol/L

10.5 Sodium (serum):

</= 7 days

133 – 146 mmol/L

8 – 31 days

134 – 144 mmol/L

32 – 180 days

134 – 142 mmol/L

181 days – <1 yr
133 – 142 mmol/L

1 – 14 yr

134 – 143 mmol/L

>/= 15 yr

135 – 145 mmol/L

10.6 Sodium (urine 12/24 hr):

40 – 220 mmol/d

10.7 Sodium (urine random):

40 – 220 mmol/L

11.0 CRITICAL INTERVALS:
11.1 Action Limits:


      Adult

     Newborn





Sodium:  

<120   > 160

<120   > 160 mmol/L



Potassium:

<2.8     > 6.2

< 3.0    > 8.0 mmol/L
11.2 Results beyond the action limit are to be phoned to the nursing unit and documented in the LIS. When calling critical Potassium be sure to also notify the nursing unit if the sample is hemolyzed. 
12.0 LABORATORY INTERPRETATION OF RESULTS:

12.1
N/A
13.0 SAFETY PRECAUTIONS:

13.1 To avoid potential instrument damage or possible erroneous results caused by microbial contamination, do not refill or reuse the V-LYTE® system calibration (standard) fluid containers. Use of any calibration fluids not manufactured by Siemens Healthcare Diagnostics Inc. could void the electrode and sensor warranty. A waste container is provided with the instrument. Used waste container holds human body fluids which may be potentially infectious; handle with appropriate care to avoid skin contact and ingestion.
13.2 For in vitro diagnostic use.
14.0 POTENTIAL SOURCES OF VARIABILITY:

14.1 Limitations of Procedure:  The instrument reporting system contains flags and comments to provide the user with information regarding instrument processing errors, instrument status information and potential errors in Na+, K+ and Cl- results. Refer to your Dimension Vista® Operator’s Guide for the meaning of report flags and comments. Any report containing flags and/or comments should be held for follow-up and addressed according to your laboratory’s procedure manual and not reported.
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