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CH 6.106 B Hydroxybutyrate in Serum or Plasma

Version 4

Effective Date: September 1, 2016


	ß Hydroxybutyrate in Serum or Plasma



	Purpose
	This procedure provides instructions for performing ß -HYDROXYBUTYRATE PROCEDURE on serum or plasma in Children’s Laboratory.

	Policy Statements
	· This procedure applies to all personnel who run the Dimension RxL MAX.

· All components of individual ß-hydroxybutyrate reagent kits must be used together, and not shared between kits.

	Principle


	ß -Hydroxybutyrate (D-3-hydroxybutyrate) in the presence of NAD is converted to acetoacetate and NADH at pH 8.5 by ß -Hydroxybutyrate dehydrogenase (D-3-hydroxybutyrate dehydrogenase). At this pH the reaction is favored to the right. The NADH produced is converted to color using INT and diaphorase.


	Clinical Significance


	Ketosis is a common feature in acutely ill patients. In subjects suffering from starvation, acute alcohol abuse, or diabetes mellitus, ketosis can result in severe life threatening metabolic acidosis. The presence and degree of ketosis can be determined by measuring blood levels of ß-hydroxybutyrate.

Ordinarily, ß-hydroxybutyrate is the ketoacid present in the greatest amount in serum. It accounts for approximately 75% of the ketone bodies that also contain acetoacetate and acetone. During periods of ketosis, ß-hydroxybutyrate increases even more than the other two ketoacids, acetoacetate and acetone, and has been shown to be a better index of ketoacidosis including the detection of subclinical ketosis.

In diabetics, the measurement of ß-hydroxybutyrate as well as the blood glucose is needed for the assessment of the severity of diabetic coma and is essential for the exclusion of hyperosmolar non-ketotic diabetic coma. Moreover, the insulin requirements are often based on the extent of the existing hyperketonemia shown by the blood levels of ß-hydroxybutyrate

In pediatric patients, the presence or absence of ketonemia/uria is an essential component in the differential diagnosis of inborn errors of metabolism



	Analyzer
	Dimension RxL MAX, Siemens Healthcare Diagnostics Inc.



	Sunquest Test Codes
	BHBB
B Hydroxybutyrate



	Specimen
	Plasma (lithium heparin) preferred, or Serum (40 μL). Refer to specimen collection procedures for collection of diagnostic blood specimens by venipuncture.

Patient Preparation: The reference range is for patients fasting for 9 – 12 hours prior to collection of the specimen. 

Minimum volume: 0.2 mL

Stability: RT / 24 hours, 2-8 (C / 7 days, -20 °C / 1 month. 
Rejection criteria: Unlabelled specimens, or other than heparinized plasma or serum

	Specimen (cont)
	Preparation: 

1. Complete clot formation should take place before centrifugation. 

2. Serum or plasma should be physically separated from cells as soon as possible with a maximum limit of two hours from the time of collection. 

3. Specimens should be free of particulate matter. 

4. Whole blood specimens should be centrifuged according to Specimen Processing procedures prior to analysis. See Processing Procedure Manual.

5. Transfer serum, plasma, or body fluid to a properly labeled Siemens SSC nested on a bar-coded pilot tube. Minimum labeling includes sample accession ID, and/ or patient name, medical record number, collection date and time.

	
	

	Materials


	Supplies
	Reagents

	· 
	· Empty Flex™ Reagent Cartridge available from Siemens PN DF99
· Automatic Pipettes and tips 

· Sample Cups 

· Sample Segments

· 6 mL syringe

· 2 mL syringe

· 21 gauge needles
	Unopened Stability 

Opened

Onboard Stability

Stan Bio Reagent A Enzyme (R1) 50 mL (β-hydroxybutyrate dehydrogenase and diaphorase enzymes) 

Until expiration date at 2 - 8°C 

For 14 days at 2 – 8°C 

Stan Bio Reagent B Catalyst (R2) 8.5 mL (NAD, INT, and oxalate). Protect from light
Until expiration date at 2 - 8°C 

For 14 days at 2 – 8°C 

Stan Bio Standard: 1.00 mmol/L of β-Hydroxybutyrate, 3 mL solution containing buffer and Sodium-D-3-Hydroxybutyric acid.
Until expiration date at 2 - 8°C

Prepared Standards

Use immediately

Do not mix reagents for  β-hydroxybutyrate between different kits. Use all reagents within the same kit lot together, or discard.

	
	

	Risk and Safety


	For In Vitro Diagnostic Use Only.

The reagents contain Sodium Azide (0.095 %) as preservative.

Do not swallow! Avoid contact with skin and mucous membranes! If this occurs wash immediately with water.

	
	

	
	STEP 
	ACTION 

	Preparing the Reagent Flex
	1. 
	Label the outside of the Stanbio kit with the following information 

· Expiration date of the kit

· Flex Lot number (see step # 2 for explanation) 

· Sequence numbers of the Flexes 1, 2, 3, and 4 as they are prepared (see step # 3 for explanation) 

	
	2. 
	Lot number is determined by the expiration date and month of the unopened kit using the Julian Calendar. There is a copy of a Julian calendar hanging from the left side of the MAX.

· For example, the Stan Bio kit for β-Hydroxybutrate expires April 30, 2013. The lot number would be BH3120 

· BH is the mnemonic for β-Hydroxybutrate

· First number, 3 is the expiration year (2013)

· Last three numbers, 121 is the Julian calendar date (April 30th) 31days in Jan, 28 days in Feb 2013, 31 days in March, and 30 days in April

	
	3. 
	The number of Flexes per kit determines sequence number and the expiration date of each newly prepared Flex. There are 4 Flexes per kit (120 tests). The Flex is stable for 2 weeks.

· For example, the first Flex was prepared 01/13/2012. The sequence number will be 10127

· The first number (1) is the first Flex of the kit. Second Flex will start with 2, etc.

· The last 4 numbers are the month and day the prepared Flex expires

	
	4. 
	Obtain an empty Flex reagent cartridge (see attachment A) 

	
	5. 
	Label the empty Flex package with the Lot number and Sequence number 

	
	6. 
	Fill a 6 mL syringe with 4 mLs of R1, and use the tip of the needle to pierce the corner of the cellophane in wells 1, 2, and 3.

	
	7. 
	Add 4 mLs of R1 in wells 1, 2, and 3 in each opposite corner of the wells 

	
	8. 
	Vent well 5 and add 2 mLs of R2 in well number 5 of the Empty Flex 

	
	9. 
	Cover the vent and fill holes and the prepared flex may be stored for up to 24 hours at 2 – 8 (C with the BHB reagents. Note on the flex the QC needs. Do NOT load flex on instrument if any tests remain in the previous flex. This is to assure quality control is run on the newly prepared flex before use with patient samples.

	
	10. 
	Load Flex (see procedure below) 
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	Loading of Flex™ Reagent Cartridge
	Step
	Action

	
	1. 
	Press ALT I (Inventory Screen) 

	
	2. 
	Press F4: Add Reagent 

	
	3. 
	Place the β-Hydroxybutrate flex in the automatic loader.

	
	4. 
	When prompted, use the keyboard to enter the Flex cartridge information.

	
	5. 
	At METHOD: Press the “right delete” (\) to remove the default method. Enter the XBHB method by pressing Control + GLUC (X indicates it is an open channel method) then press Enter.

	
	6. 
	At LOT NUMBER: Press “right delete” to remove the default lot number. Enter the lot number as specified in Procedure B above, then press Enter.

	
	7. 
	At SEQUENCE NUMBER: Press “right delete” to remove the default sequence number. Enter the sequence number as specified in Procedure B above then press Enter. Ig nore the last three numbers that follow the sequence number.

	
	8. 
	Press F1: ACCEPT 

	
	9. 
	Allow the reagent to equilibrate for 15 – 30 minutes on the analyzer before use.


	
	10. 
	Process two levels of quality control that are within acceptable limits prior to reporting patient results.

	
	

	Calibration


	Assay Range:

0.02 – 4.5 mmol/L
Reference Material:

Stanbio Laboratory β-hydroxybutyrate LiquiColor® Calibration Standard (1.0 millimols/liter (mmol/L) Sodium D-3-hydroxybutyrate)
Suggested Calibration Levels:

0.1, 0.5, 1.0 mmol/L
Calibration Scheme:

Three levels in triplicate

Calibration Frequency:

· For each new lot of Stanbio β-hydroxybutyrate LiquiColor® Reagent
· Every 14 days for any one lot

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

· As indicated in laboratory quality control procedures 

· When required by government regulations

Assigned Coefficients:

C0  0.000     C1  1.000

Analytical Measuring Range

0.02 – 4.5 mmol/L

Verify the AMR once every 6 months with Stanbio Laboratory TDM/ß-Hydroxybutyrate Linearity Standards, Cat. No. 2450

· Run all 6 standards in triplicate as XQC and plot AMR and linearity in EP Evaluator.
STEP 
ACTION 
Prepare Calibrators 

Prepare 0.1 and 0.5 mmol/L standards from the Calibration Reagent Standard (1.0 mm/L) provided in the kit. 

1. 0.1 Standard: 50 microliters (μL) of 1.0 Standard plus 450 μL Distilled H2O 

2. 0.5 Standard: 100 μL of 1.0 Standard plus 100 μL Distilled H2O 

3. 1.0 Standard: 200 μL 

Program the calibration from the Operating Menu, press F5: Process Control 

Select F1: Calibration and press the “enter” key for the password 

Press F2: Setup and Run 

Select XBHB by pressing the Control and GLUC keys 

Press F1: Other lot if necessary to select the appropriate lot number to be calibrated 

Complete the information on the screen: 

· Operator ID: enter your tech ID 

· Calibrator Name/Lot #: enter BH followed by the Standard Lot # 

· Segment Position: enter the letter of the segment and the start position for the Calibration (Example: A1) 

· Calibrator Bottle Values: enter 0.1, 0.5, and 1.0 

Press F8: QC yes/no to add QC 

Press F4: Assign Cups, then F7: Load/Run 

Verify that there is adequate volume, load segment, and press F4: Run 



	Calibration (cont)
	To review data after calibration is completed: 

· From the Operating Menu, press: F5: Process Control 
· Press F1: Calibration, then hit the “enter” key for the password 

· Press F3: Review Data 
· Select BHB
Scan for outliers within the replicates for each level of calibrator 

NOTE: “Assay range” codes on the print out does not mean that the calibration needs to be rejected 

IF 
THEN 
There is an outlier within the replicates

Press F8: Reject Data to reject the calibration 

Repeat the calibration

The precision is good with no outliers 

Press F6: See QC to review the QC, Slope (m), Intercept (b), and Correlation Coefficient (r) with the calculated calibration 

IF 
THEN 
Slope (m): is <0.97 or >1.03 

Correlation coefficient is <0.990 or >1.000 

Press F8: Reject Data to reject the calibration 

Verify that the programmed calibrator lot number and the bottle values are correct 

Repeat the calibration 

Slope (m): is 0.97-1.003 

QC is within the established range

Intercept (b): close to zero or clinically insignificant

Correlation coefficient(r): 0.990-1.000 

Press F2: Accept Data to accept the calibration 



	
	

	Quality Control
	Stanbio Laboratory TDM/β-Hydroxybutyrate Tri-Level or Bi-Level Controls (Cat. 2460-605, 2465-605)

Frequency: 

· Two levels of controls must be run every 24 hours 

· When loading a new Flex™ reagent cartridge 

· After calibration 

· After any major maintenance/ repairs have been performed on the analyzer 

· When questionable results are obtained

Storage and Stability: 
Unopened: 2°- 8°C until expiration date on label.

Open: stable for 60 days at 2°- 8°C

Discard if turbidity or any change in appearance occurs.

Procedure

Gently mix the control solution by inversion. The control is ready for use and should be treated in the same manner as a patient test sample. Replace plug and cap and store at 2°- 8°C. Use only as directed.
Sunquest Control names: 
Level 1 = C-BHB1, 
Level 2 = C-BHB2

Acceptable ranges Ranges are current in Sunquest and the instrument. Refer to the Quality Control Procedure for QC exception codes.

	Interferences


	· Lactic dehydrogenase and lactate have been shown to interfere with the assay. The incorporation of oxalic acid in this reagent eliminates this interference as reported.

· Moderate hemolysis demonstrated no interference.

· See the product insert for a list of substances for which no significant interference was noted.



	Reference Range


	Fasting:  0.02 – 0.27 mmol/L
Non-fasting (random): <0.4 mmol/L 

The quantitation of ß-hydroxybutyrate is important in cases of ketoacidosis. In studies of healthy individuals who had fasted for 12 hours before blood collection, the range of ß-hydroxybutyrate was found to be from 0.02 mM to 0.27 mM.

	Critical Values


	None defined.

	Limitations


	Linear range of detection: 0.02 – 4.5 mmol/L

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 open channel method results. Refer to your Dimension( Operator’s Guide for the meaning of report flags and comments. Any report containing flags and/or comments must be resolved prior to reporting. 

	Dilutions


	· Above 4.5 mmol/L: The instrument makes an autodilution.

· Results with “dilution” appended are reportable.

· Dilute results with “assay range / dilution” appended. 

· Make appropriate dilution with Clinical Laboratory Reagent Water, to obtain results within the assay range. Determine optimum dilution by dividing RxL result obtained by 4.5 (the measuring range) and rounding up to the next whole number. 

· The maximum dilution to prepare is 1:3. 

· Label diluted sample with “label foot” or Accession number, and dilution factor.

· Program dilution factor in RxL. Reassay. Resulting readout is corrected for dilution.

· Document dilutions and calculations, and have results checked prior to reporting.



	Result Reporting


	· Results between 0.02 – 4.5 mmol/L without error messages are released

· Results below 0.02 mmol/L: report as < 0.02 mmol/L instead of the numerical value.

· Results >4.5 mmol/L are reported as the numerical result following a maximum dilution of 1:3

· Results that exceed the assay range following the maximum dilution are reported as >12 mmol/L.



	Specimen Storage


	Promptly stopper tested specimen and store upright in specimen rack. Every 8 hours remove specimens to refrigerator/freezer storage. Samples are retained 7 days in specimen storage freezer.

	References
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3. Sena, Salvador F. Technically Speaking, Danbury Hospital Department of Pathology and Laboratory Medicine, Vol 4, No. 8, 07/2010
4. Mayo Medical Laboratories, online test catalogue, 01/2012

5. Jacobs & DeMott Laboratory Test Handbook, Lexi-Comp, Inc, Hudson, OH, 5th Edition, 2001, p.205.


	Appendices
	User Defined Method Specifications 

The following specifications are programmed into the Siemens Dimension RxL in the specified field under Diagnostics (F7) and Open Channels (F8). Refer to Dimension Operator’s Guide for more help.

Channel # 2
 Name: XBHB
Measurement Mode: Absorbance Standard Curve: Linear

Delivery

Time 
Component 
1
Component 
2
Component 
3
Chase 
Mix 
1st R 

-57.6 

(A) 360 μL 

0 

0 

0 μL 

NONE 

2nd R 

61.6 

(B) 53 μL 

0 

0 

20 μL 

STRONG 

3rd R 

*** 

( ) 0 μL 

0 

0 

0 μL 

NONE 

S1 

10 μL

0

0

10 μL 

STRONG 

Photometry 
Time 
Cartridge Configuration 
Well 1 
Well 2 
Well 3 
Well 4 
Well 5 
Well 6 
P1: 

30.0 

Component: 

(R1) 

(R1) 

(R1) 

( ) 

(R2) 

( ) 

P2: 

390.0 

Aliquots: 

10 

10 

10 

0 

30 

0 

P3: 

*** 

#Well Life [hours]: 

336 

336 

336 

336 

336 

336 

P4: 

*** 

#On Board Life: 336 hrs (14 days) 

#Calibration: 336 hrs (14 days) 

Sample Volume

10 μL



	
	Method Calculation The following specifications are programmed into the Dade Dimension in the specified field under Diagnostics (F7), Open Channels (F8), and Calculations (F7). Type all characters.

{A = BICH (P1, 510 NM, 700 NM); 

B = BICH (P2, 510 NM, 700 NM); 

C = B*(1.120) – A*(1.120); 

RETURN C;}




	Historical Record
	Version
	Written/Revised by:
	Effective Date:
	Summary of Revisions

	
	1. 
	Linda Lichty
	2/7/2012
	New test

	
	2. 
	Linda Lichty
	6/28/13
	Added policy, do not mix reagents between kits

	
	3. 
	Linda Lichty
	6/1/15
	Omit retired RxL as method

	
	4. 
	Linda Lichty
	9/1/2016
	Added instructions to assure QC is performed on newly loaded flex.

	
	


Narrow end of flex
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