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Proc. #4840-CH-230

TITLE:  Osmolality on Advanced Instruments Micro-Osmometer Osmo1
PRINCIPLE

Advanced Instrument Osmometers use the technique of freezing point depression to measure osmolality. Osmolality is the total solute concentration of an aqueous solution. Osmometers measure the number of solute particles irrespective of molecular weight or ionic charge. 
The principle of freezing point depression is when a solute is dissolved in a pure solvent, the following changes in the solution’s properties occur:

· Freezing point is depressed

· Boiling point is raised

· Osmotic pressure is increased

· Vapor pressure is lowered

Advanced Osmometers utilize high-precision electronic thermistors to sense the sample temperature, to control the degree of supercooling and freeze induction, and to measure the freezing point of the sample.  They can routinely determine differences of +1 mOsm/kg H2O.

The quickest and most precise way to measure the freezing point of a solution is to supercool it several degrees below its freezing point and then mechanically induce the sample to freeze.  The heat of fusion suddenly liberated causes the sample temperature to rise toward a temporary plateau wherein liquid/solid equilibrium is maintained.  The equilibrium temperature is, by definition, the freezing point of the solution.

The time over which liquid/solid equilibrium develops and is maintained is a function of the temperature differential between the sample and its environment and the ability of the surrounding materials to conduct heat.  The cooling of the sample should be rapid, but not so fast that supercooling is uncontrolled.  If the sample container and/or probe are allowed to become much colder (or much warmer) than the sample during the plateau, heat flow will distort the freezing curve.

Sensitive thermistor probes monitor the sample temperature, control the degree of supercooling and freeze induction, and measure the freezing point of the sample.  Automatic probe centering minimizes gradients and ensures uniform, precise sample temperature measurement.  Fully automatic operation minimizes imprecision due to operator technique.
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Figure 1. Standard Freezing Curve illustrates the temperature of a sample as it progresses through the freezing cycle and shows the action of the instrument at each stage.

DEFINITIONS

Solution:  A homogeneous mixture of solute and solvent in which the solvent is the major component and the solute is the minor component.

Concentration:  The amount of solute in a given amount of solvent.  The amount of solute is usually expressed in terms of moles, i.e., gram molecular weight.  One mole = 6.02 x 10 23 molecules (Avogadro’s number).  One mole of glucose (180.2g) and one mole of sodium chloride (58.4 g) each contain Avogadro’s number of molecules.  Common units of concentration are:

Molality:  Moles of solute per kilogram of pure solvent.

Osmolality:  Osmoles of solute particles per kilogram of pure solvent.   Most ionic solutes do not completely dissociate.  Osmolality is a unit of concentration which takes into account the dissociative effect.  Osmolality is usually expressed in mOsm/kg.  One milliosmole (mOsm) is 10³ osmoles.  Osmolality = osmol/kg H20 = ØnC, where:

Ø= the osmotic coefficient, which accounts for the degree of molecular dissociation.

n= the number of particles into which a molecule can dissociate.

C= the molal concentration of the solution.

Molarity: Moles of solute per liter of solution.

Osmolarity:  Osmoles of solute particles per liter of solution.

Although molarity and osmolarity are common units of measurement in other branches of chemistry, they are not used in osmometry because they are temperature dependent (water 
changes volume as the temperature varies) while molality and osmolality are not.  However, in the case of simple, fairly dilute solutions, it is possible to convert between units if necessary.

Freezing Point/Melting Point:  The temperature at which the liquid and crystalline phases of a substance will remain together in equilibrium.

Freezing Point Depression: When a solute is added to a solvent, the freezing point of the solvent is lowered.  In aqueous solutions, one milliosmole of solute per kilogram of water depresses the freezing point by 1.86 millidegrees Celsius (m(C).

Supercooling:  The tendency of a substance to remain in the liquid state when cooled below its freezing point.

Crystallization Temperature: Aqueous solutions can be induced to freeze (i.e., crystallize) most reliably when supercooled.  When supercooled, crystal formation is induced by agitating 

the solution (freeze pulse).  The crystallization temperature is the temperature at which crystallization is induced.  During crystallization, the heat of fusion raises the temperature of the sample to an ice/water freezing-point plateau.

Heat of Fusion: The heat released when the mobile molecules of a liquid are frozen into rigid crystals.

Freezing-Point Plateau:  The constant temperature maintained during the time that ice and liquid exist in equilibrium after crystallization is initiated.

CLINICAL SIGNIFICANCE:

Osmolality is a valuable clinical tool used in the diagnosis and treatment of patients. It helps to evaluate the body’s water balance and its ability to produce and concentrate urine, to investigate low sodium levels, to detect the presence of toxins in the body and to monitor osmotically active drug therapies.

Serum Osmolality can be elevated in: Water depletion, hyperosmolar nonketotic diabetic coma, diabetic ketoacidosis, hypernatremic ethanol intoxication, diabetes insipidus, hypercalcemia, cerebral lesions; often with tube feeding.

Serum Osmolality can be decreased in: Adrenocortical insufficiency, panhypopituitarism, water intoxication, postoperative states (especially with excessive water replacement therapy), syndrome of inappropriate ADH secretion.

Urine Osmolality can be decreased in: Diabetes insipidus and primary polydipsice.

SPECIMENS

1. Serum, plasma and urine are the preferred specimens
2. Urine should be centrifuged to remove particulate matter (which may cause pre-freeze errors)
3. Minimum required specimen 0.5 mL- (samples are run in duplicate)
EQUIPMENT

1. The Advanced Instruments Osmometer Osmo1
2. 3MO828 20-Microliter Sampler

SUPPLIES
1. 
Thermal printer paper
2.
Advanced Instruments Micro-Sample Test Kit (includes: disposable chamber cleaners, sampler tips and plunger wire


REAGENTS

1. Clinitrol 290 Reference Standard, 50 STD mOsm/kg H20,  850 STD mOsm/kg H20
2. Bio-Rad Multiqual Quality Control Levels 1 & 3 for Serum/Plasma/Body Fluid Testing

3. Bio-Rad Liquichek Urine Quality Control Levels 1 & 2 for Urine Testing

CALIBRATION

The Osmo1 has a built-in calibration function that guides the user through testing five samples each of two known standards, 50 mOsm/kg H20 and 850mOsm/kg H2O 

To perform the calibration: 
1. From the home screen, tap the menu icon.
2. Tap calibration, the system will prompt you to log in (user name: ADMIN - password: password).
3. Follow the on-screen instructions to test samples, after each successful calibration test a green checkmark appears in the calibration matrix and the unit prints DONE. 

4. If a single calibration test fails or is canceled the system prompts for a retest using a new sample.
5. If two failures occur within the same standard group the calibration fails and the screen displays the message “two replicate failures.
6. Upon completion of the last calibration test, the system displays a “Calibration successful” or a reason for the calibration failure.
7. Click OK to close the result message.
8. If the calibration passed the screen takes you back to the home screen, if failed the system returns to the calibration screen.

9. When a calibration is successful the instrument calculates a new calibration slope and intercept and saves those values into memory. 
10. Always run the Clinitrol 290 Reference Solution and Quality Control after calibrating
11. Calibration is to be performed:  
· After major maintenance/service or troubleshooting is performed.  
· If QC is outside +/- 2SD
· Every 6 months
·  If the ambient temperature has changed more than 5° since the last calibration
QUALITY CONTROL

1. Clinitrol 290 Reference Solution 
2. Bio-Rad Multiqual Level 1 & 3 for serum and Bio-Rad Liquichek Urine Chemistry Controls I & 2 for urine.  Refer to Quality Control Procedure in the General Chemistry book for further details.

3. The 290 Standard and 2 levels of Control material (determined by patient specimen being tested) are to be run once every 24-hours when testing is ordered, and after every calibration to verify the calibration.

4. Enter all control values into the Bio-Rad Unity Real-Time QC program.

5. Repeat and/or calibrate if any control values exceed acceptable limits.

STEPWISE PROCEDURE
Use the following procedure to run 290 Reference, QC, and patient samples.

1. Tap the Home button to display the Home screen

2. Check the status indicator and take appropriate action: 

· Green indicates the Osmometer is ready

· Yellow indicates testing is in process, wait for the current test to complete

· Red indicates an error- refer to the Troubleshooting in the instrument manual

3. Tap the Sample ID button, the keyboard displays and the patient ID can be entered manually or you can scan the barcode using the scanner on the front of the instrument. The keyboard closes and the display returns to the home screen
4. Place a new sampling tip on the sampler with the plunger wire inserted carefully into the middle of the tip. Verify the sample is straight and firmly seated.  Be careful not to crack the sample tip.
5. Depress the sampler’s plunger and insert the sample tip at least ¼ inch (6 mm) below the surface of the fluid to be tested.  Gently release the plunger to load a 20 uL sample.
6. Visually inspect the sample.  If there are any large voids or bubbles in the 

sample, expel the sample and load a bubble-free sample.
7. Blot the sides of the loaded sample cell with a soft, no-lint, non-ionic paper tissue to remove any clinging droplets.  Then blot the end of the cell tip to remove any fluid protruding beyond the tip.  Be careful not to wick out any of the sample.  The meniscus 
remaining may be slightly concave, but the sample must be slightly longer than it is wide.  (See figure 2).
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Figure 17 Sample tips and levels.




Figure 2:  Sample Cell Tips and Sample Levels

8. Remove the chamber cleaner from the sample port and discard.

9. Holding the sampler by the barrel, carefully insert the tip into the sample port: then rest the sampler body in the operating cradle.

10. Grasp the operating cradle and push it slowly forward until you feel a positive stop.
11.  The test starts when the cradle reaches the forward position.
12. Wait while theOsmo1 performs the test. When the test is complete the results display in the middle of the screen, results also print on the printer.
13. Withdraw the operating cradle and remove the sampler from the cradle. Grasp the sampler tip and depress the plunger to remove it. 

14. Discard the sampler tip into a biohazard container.

15. Wipe the plunger tip with a soft, non-lint wipe, being careful not to dislodge the Teflon tip.
16. Insert a clean, dry chamber cleaner into the sample port until you feel a positive stop. Rotate four or five times in one direction while applying forward pressure, withdraw the cleaner and use the other end to clean the probe again. 

17. Leave the sample cleaner in the port until the next test.
18.      If the duplicate results are not within 3 (example 299 and 297), you will need to run the          
sample again until you get two results that are within 3mOsm/Kg.

18. To run additional tests, repeat this procedure beginning with step 1.

REPEATABILITY TIPS

· Treat all samples, as well as standards and reference solutions, uniformly before the test.

· Microsamples are more susceptible to contamination and evaporation then larger samples.  Avoid leaving sample containers open.  Cold samples are susceptible to condensation: warmer samples are susceptible to evaporation.

· Keep the cooling chamber clean between tests.  Never inject anything into the cooling chamber.

REPORTING RESULTS

1. Results are reported directly from the Osmometer display and they are printed on the printer in m0sm/kg.

2. Enter patient’s result into the appropriate LIS program and verify.

3. Enter QC results into the Bio-Rad Unity Real-Time Quality Control program.

4. Document all patient and control results on the Chemistry MISC Worksheet. This will indicate to other shifts which QC levels have been run for the day.
5. Normal values: Serum  0-3 Months- 275-295 mOsm/kg.

                                     3 Months – 150 Years – 280-300 mOsm/Kg
Random or spot urine – 300- 1300 mOsm/kg

24 hr urine- 300-900 Osm/kg.

LOADING PRINTER PAPER
1. Lift to open the printer door located on the tip right of the instrument.

2. Unroll 4-6” of thermal paper 

3. Hold the roll so the paper feeds upwards from the bottom of the roll towards the front of the instrument; place the roll into the printer. Gently snap the door closed.
4. Always use the paper-advance button to feed paper through the printer.
NOTES

1. For best repeatability the sampler plunger must be replaced every 500 tests or when a new box of tips and cleaners is opened.
2. Always verify micro-sampler performance after plunger replacement by running Clintrol 290 Reference Solution and 2 levels of Quality Control.

3. See the Advanced Micro-Osmometer Osmo1 User’s Guide for sample plunger replacement and verification procedure.

4. Refer to User’s Guide - Troubleshooting and Service Section for any problems.

REFERENCES

1. The Advanced Micro-Osmometer Osmo1 User’s Guide.

2. Clinical Guide to Laboratory Tests, Third Edition. W.B. Saunders Company, 1995.





Page 1 of 7  


[image: image3.jpg]