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I. PRINCIPLE

The ADVIA Centaur C-peptide assay is a two-site sandwich immunoassay using direct

chemiluminescent technology which uses constant amounts of two antibodies. The first

antibody, in the Lite Reagent, is a monoclonal mouse anti-C-peptide antibody labeled with acridinium ester. The second antibody, in the Solid Phase, is a monoclonal mouse

anti-C-peptide antibody, which is covalently coupled to paramagnetic particles.
For in vitro diagnostic use in the quantitative determination of C-peptide in serum or urine using the ADVIA Centaur®, ADVIA Centaur XP, and ADVIA Centaur XPT systems. This assay can be used to aid in the diagnosis and treatment of patients with abnormal insulin secretion including diabetes mellitus.

II. CLINICAL SIGNIFICANCE
In the beta cells of the pancreas, the proinsulin molecule is cleaved to form insulin and

C-peptide. C-peptide, a polypeptide consisting of 31 amino acids (MW ~3000), is stored in the secretory granules of the beta cells and released into circulation in equimolar amounts with insulin. C-peptide plays an important role in the synthesis and functionality of insulin. C-peptide ensures the correct structure of insulin by aligning the A and B chains of the insulin molecule so that the correct interchain disulfide bonds form. Cleavage of C-peptide from proinsulin exposes the B chain C-terminal end that allows insulin to interact with the insulin receptors.1,2,3
Insulin determinations in insulin-treated diabetics present special problems because of

interferences by exogenous insulin and circulating antibodies to insulin. C-peptide assays are not subject to significant interference from the insulin antibodies detected in patients on insulin therapy. The determination of C-peptide provides an assessment of endogenous insulin secretory reserves in patients with diabetes mellitus and is considered a more reliable indicator of insulin secretion than insulin itself. Insulin and C-peptide are secreted in equimolar

quantities into the portal blood supply that passes through the liver. The liver extracts a

considerable and variable amount of insulin; however, almost all of the C-peptide emerges from the liver and enters the systemic circulation. C-peptide has a half-life of ~35 minutes as compared to the half-life of insulin which is ~5 to 10 minutes. C-peptide is excreted in the urine.1,2
Serum and urine C-peptide determinations, in conjunction with blood glucose and insulin levels, aid in the differential diagnosis of hypoglycemia. C-peptide levels can be important in diagnosing overzealous insulin treatment since C-peptide does not exist in commercial insulin preparations. In these cases, insulin levels are elevated and C-peptide levels are low. Elevated insulin levels and low C-peptide levels are also observed in patients with detectable insulin autoantibodies and postprandial hyperglycemia. C-peptide levels are better indicators of beta-cell function and capacity than peripheral insulin levels. C-peptide has no insulin-like action but can be measured in the blood in patients receiving insulin to estimate residual beta-cell function. C-peptide levels increase in insulinomas and beta-cell tumors.1,2,4
C-peptide measurement is primarily used for the evaluation of fasting hypoglycemia. Urinary and fasting C-peptide levels have been used clinically to assist in the classification of diabetes mellitus and to differentiate insulin-dependent patients from non-insulin-dependent patients. Monitoring the 24-hour urinary excretion rate of C-peptide is useful in the assessment of beta cell function, especially when frequent blood sampling is not practical.2,5,6
C-peptide therapy has been administered to type 1 diabetic patients, who are normally

C-peptide deficient. In these patients, C-peptide binds to specific cell membrane surface receptors and activates calcium-dependent intracellular pathways. Although, C-peptide measurement has a negligible role in the routine management of patients with diabetes, C-peptide replacement, in conjunction with insulin administration, can prevent or minimize long term renal and neural complications in patients with type 1 diabetes. In these patients, C-peptide therapy increases renal blood flow and influences glomerular membrane permeability by decreasing glomerular hyperfiltration and reducing urinary albumin excretion.3,7
III. POLICY SCOPE
The scope of this policy applies to all Laboratory staff that prepares or performs testing on laboratory specimens at UnityPoint Methodist.

IV. SPECIMEN

Collect:  Serum is the recommended sample type for this assay.

Collect all blood samples observing universal precautions for 
venipuncture. 

Allow serum samples to clot adequately before centrifugation.
Stability: Test samples as soon as possible after collecting. Do not use serum samples stored at room temperature for longer than 8 hours.
 If the assay is not completed within 8 hours, tightly cap and refrigerate serum or plasma specimens at 2° to 8°C  up to seven days or -20°C.
Freeze samples at or below -20°C if the sample is not assayed within 7 days refrigerated.
Freeze samples only once, and mix thoroughly after thawing.
 Before placing samples on the system, ensure that samples have the following characteristics:

• Samples are free of fibrin or other particulate matter.

• Samples are free of bubbles.

V. REAGENTS 
Store the reagents upright at 2–8°C.
All reagents are liquid and ready to use.

Protect reagent packs from all heat and light sources. Reagent packs loaded on 
the system 
are protected from light. Store unused reagent packs at 2–8°C 
away from heat and light sources.
All reagents are stable at 2–8°C until the expiration date on the packaging
Mix all primary reagent packs by hand before loading them onto the system. Visually inspect the bottom of the reagent pack to ensure that all particles are dispersed and resuspended. For detailed information about preparing the reagents for use, see the system operator’s guide. 
Note


• Discard the primary reagent packs at the end of the on-system stability interval.

• Do not use reagents beyond the expiration date.
	Reagent
	Description
	Storage
	Reagent Stability

	ADVIA Centaur CpS ReadyPack primary reagent pack; 

Lite Reagent

	10.0 mL/reagent pack   monoclonal mouse anti-C-peptide antibody(~0.29 ug/mL) labeled with acridinium ester in phosphate buffer with serum albumin, sodium azide (<0.1%) and preservatives.
	2 – 8 C
	Unopened:Stable until the expiration date on the carton

On-System:  28 days

	ADVIA Centaur CpS ReadyPack primary reagent pack;   

Solid Phase Reagent.
	25.0 mL/reagent pack mononclonal mouse anti-C-peptide antibody (~2.3 ug/mL) covalently coupled to  paramagnetic particles in phosphate buffer with bovine serum albumin, sodium azide (<0.1%) and preservatives.
	2 – 8 C
	Unopened: Stable until the expiration date on the carton.

On-System:  28 days



	ADVIA Centaur ReadyPack ancillary reagent pack; Multi-Diluent 10a
	5.0 mL/reagent pack

tris buffer with bovine serum albumin, sodium azide
 (< 0.1%), and preservatives
	2 – 8 C
	Unopened: Until the

expiration date on the pack

On-system:

28 consecutive days after accessing the ancillary reagent pack.

	ADVIA Centaur CpS calibrators
Not included in the kit.  Must order separately.
	Low or high levels of C-peptide in citric acid buffer with casein and preservative
	2 – 8 C
	Unopened: Until the expiration date on the vial.
On-System:4  hours

	ADVIA Centaur Multi-Duluent 10a
	5.0 mL/reagent pack

tris buffer with bovine serum albumin,

sodium azide (< 0.1%), and preservatives
	2 -8 C
	Unopened:  Stable until the expiration date on the pack.

On-System: 28 consecutive days after accessing the ancillary reagent pack.

	ADVIA Centaur Multi-Duluent 10a
	10 mL/vial

tris buffer with bovine serum albumin,

sodium azide (< 0.1%), and preservatives
	2 -8 C
	Unopened:  Until the expiration date on the vial.


Materials Provided

	Reference Number
	Contents
	Number of Tests

	03649928 (129026)
	1 ReadyPack primary reagent pack containing ADVIA Centaur

CpS Lite Reagent and Solid Phase
ADVIA Centaur CpS Master Curve card
	100


Material Required but not Provided
The following materials are required to perform this assay, but are not provided:
	Item
	Description
	

	Ref 03276056 (129021)
	ADVIA Centaur CpS Calibrator
	2 vials of low calibrator

2 vials of high calibrator


Optional Materials

The following materials may be used to perform this assay, but are not provided:
	Item
	Description
	

	Ref 05440554 (117227)
	ADVIA Centaur Multi-Diluent 10
	2 ReadyPack ancillary reagent packs containing 5 mL/pack

	Ref 04302166 (112370)
	ADVIA Centaur Multi-Diluent 10
	10 mL/vial

	Ref 129023
	ADVIA Centaur CpS Master Curve Material
	10 x 1 mL


Safety data sheets (MSDS/SDS) available on www.siemens.com/diagnostics.

CAUTION: 
This device contains material of animal origin and should be handled as a potential carrier and transmitter of disease.
 Contains  sodium azide as a preservative.  Sodium azide can react with copper and lead plumbing to form explosive metal azides. On disposal, flush reagents with a large volume of water to prevent the buildup of azides, if disposal into a drain is in compliance with federal, state, and local requirements.
 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 prevailing regulatory requirements.

For in vitro diagnostic use.
VI. INSTRUMENTATION/EQUIPMENT 

 The ADVIA CENTAUR XPT system is an automated, immunoassay analyzer that offers optimal productivity and efficiency. No-pause reloading of reagents, samples, and supplies means that the system is always ready to process samples. All assays use direct chemiluminescent technology. Chemiluminescence is a chemical reaction that emits energy in the form of light. When used in combination with immunoassay technology, the light produced by the reaction indicates the amount of analyte in the sample. Direct chemiluminescent reactions directly measure the light energy without the use of added steps or amplifying molecules. The ADVIA Centaur assays use acridinium ester as the chemiluminescent label, since it does not require the addition of a catalyst or substrate.

When the sample start key is pressed, the barcode labels on the sample cups are read, sample is aspirated, reagent is dispensed, and the assay process begins.  Particles are magnetically separated in the cuvette incubation ring. The addition of hydroxyl groups to complete the flash reaction is accomplished by the addition of Reagent 1 & 2; Acid and Base. The chemiluminescent reaction occurs in the luminometer. The photomultiplier tube measures the chemical light reaction that takes place.

      Additional Equipment and Supplies
Reagent Water

Sample cups / tubes

Cuvettes

Sample tips

.

VII. CALIBRATION

The ADVIA Centaur XPT C-Peptide assay requires a two point calibration when changing lot numbers of primary reagent packs, when replacing system components or when quality control results are repeatedly out of range.

The onboard stability of CpS reagent is 28 days. 
The calibration interval for CpS is 14 days.
 The ADVIA Centaur C-peptide assay requires a Master Curve calibration when using a new lot number of Lite Reagent and Solid Phase. For each new lot number of Lite Reagent and Solid Phase, use the barcode reader or keyboard to enter the Master Curve values on the system. The Master Curve card contains the Master Curve values. For detailed information about entering calibration values, refer to the system operating instructions.
Calibrator Description

Refer to the Calibrator Assigned Value Card for the assigned value of each calibrator. The assigned value is traceable to the standardization of the CpS assay. For additional information, refer to the reagent instructions for use.
Preparing the Calibrators

 1. Let the calibrators stand for 5 minutes at room temperature (20–30°C) to warm to room temperature.

2. Gently mix the calibrators before using.
Scheduling the Calibrators

.

1. Schedule the calibrators to the worklist:

a. Schedule C-peptide Calibrator for the C-peptide test.

b. Continue to schedule quality control for the C-peptide test.

2. Label the sample cups, one with a Low Calibrator barcode label and another with a

High Calibrator barcode label.  Because calibrator barcode labels are lot number specific, use barcode labels that correspond to the lot number of the calibrator used.

3. Gently mix the Low and High Calibrators.

4. Dispense at least 300 μL of Low and High Calibrator into the labeled sample cups.

The sample cups are marked at 1.0 mL intervals to assist in filling.  The required calibrator volume depends on how many assays are being calibrated using these calibrators and the number of calibrator replicates.

5. Load the calibrator sample cups on the system.

The Low Calibrator cup position must precede the High Calibrator cup position.

Ensure that the C-peptide reagents are loaded on the system.

6. Continue loading quality control and patient samples.

7. Start the system, if required.
Using the Calibrator Assigned Value Card

Each lot of calibrators contains a Calibrator Assigned Value card to facilitate entering the calibrator values on the system. Enter the values using the barcode wand or the keyboard. For more information about entering calibrator values, refer to the system operating instructions or to the online help system.
Limitations

 Do not return any calibrators back into the vials after calibration because evaporation    can occur, which may affect performance.
 Dispose of any calibrator remaining in the sample cups after 4 hours.
 Do not refill calibrator sample cups when the contents are depleted. If required,      dispense fresh calibrators.
VIII. QUALITY CONTROL

Follow government regulations or accreditation requirements for quality control frequency. For detailed information about entering quality control values, refer to the system operating instructions or to the online help system. To monitor system performance and chart trends, as a minimum requirement, assay 2 levels of quality control material on each day that samples are analyzed. Assay quality control samples when performing a 2-point calibration. Treat all quality control samples the same as patient samples.
Siemens recommends the use of commercially available quality control materials with at least 2 levels (low and high). A satisfactory level of performance is achieved when the analyte values obtained are within the Acceptable Control Range for the system or within your range, as determined by an appropriate internal laboratory quality control scheme.
If the quality control results do not fall within the Expected Values or within the laboratory’s established values, do not report results. Take the following actions:

• Verify that the materials are not expired.

• Verify that required maintenance was performed.

• Verify that the assay was performed according to the instructions for use.
• If necessary, contact your local technical support provider or distributor for assistance.
IX. PROCEDURE
Ensure that the system has sufficient primary and ancillary reagents packs. 
Load the ReadyPack reagent packs in the primary reagent area using the arrow as a placement guide.   The system automatically mixes the primary reagent packs to maintain homogeneous suspension of the reagents.

If automatic dilution of a sample is required, load ADVIA Centaur Multi-Diluent 10 in the ancillary reagent area.

A. Prepare the sample container for each sample, ensuring that a barcode 


label is affixed. Sample volume requirement is 50 µl plus dead space. 


This volume does not include the unusable volume in the sample 



container or the additional volume required when performing duplicates or 

other tests on the same sample. Before placing samples on the system 


ensure that the samples are free of fibrin or other particulate matter.   


Samples should be free of bubbles.
B.  
Samples can be loaded on the Aptio in the appropriate lane or front 


loaded, use the appropriately coded sample racks for the type of sample 


tube to be used:

1. Position 1 – aliquot tube (blue screw cap) 

2. Position 2 – primary sample tube

3. Position 3 – sample cup (Siemens)

4. Load each sample tube into a rack, ensuring that the barcode is visible through the slot in the rack.

C. Place the rack(s) in the entry queue.

     D.      Press ’START’ only if the system is not currently ‘In Process’. The analyzer will scan the barcode label and run the appropriate tests via the LIS interface

 E.      For the CpS assay, the system automatically performs the following 



steps:


1. Dispenses 50 μL of sample into a cuvette.



2. Dispenses 250  μL of Solid Phase and 100 ul of Lite Reagent and 


incubates for 7.5 minutes at 37°C.



3. Separates, aspirates and washes the cuvettes with reagent water..



4. Dispenses 100 μL of Solid Phase and incubates for 2.75 minutes at 


37°C.



5. Separates, aspirates, and washes the cuvettes with Wash 1.



6. Dispenses 300 μL each of Acid Reagent and Base Reagent to initiate 


the chemiluminescent reaction.



7. Reports results according to the selected option, as described in the 


system operating instructions.
A direct relationship exists between the amount of C-peptide present in the patient sample and the amount of relative light units (RLUs) detected by the system.
If sample is placed on the Aptio, the robotic line will send the specimen to the Centaur XPT.  Once the Centaur is done sampling the specimen, the sample is stored in the Refrigerated Storage Module.
X. REPORTING RESULTS: 

The system reports C-peptide results in ng/mL.
Assay range (AMR):  0.05 – 30 ng/mL

Clinical Reportable range (CRR):  0.05 – 150 ng/mL
Dilutions

The sample volume required to perform onboard dilution differs from the sample volume required to perform a single determination. Refer to the following information for the sample volume required to perform onboard dilutions:
	Serum Dilution
	Sample Volume (uL)

	1:2
	100

	1:5
	40


The following information pertains to dilutions:

• 
Samples with C-peptide levels greater than 30 ng/mL must be diluted and 
retested to obtain accurate results.

• 
Samples can be automatically diluted by the system or prepared manually.

• 
For automatic dilutions, ensure that ADVIA Centaur Mulit- Diluent 10 is loaded 
and set the system parameters as follows:



Dilution point : ≤ 30 ng/mL


Dilution factor: 2, 5


Over Dilution setpoint: 0.1 ng/mL
·  Manually dilute serum samples, when sample results exceed the linearity of the assay using automatic dilution, or when laboratory protocol requires manual dilution.

• 
Use Multi-Diluent 10  to manually dilute patient samples, and then load the 
diluted sample on the sample tray, replacing the undiluted sample.

• 
Ensure that results are mathematically corrected for dilution. If a predilution 
factor is entered when scheduling the test, the system automatically calculates 
the result.

Interpretation of Results

Results of this assay should always be interpreted in conjunction with patient's medical history, clinical presentation and other findings.

Expected Values:  
The C-peptide serum reference range was previously established on the ACS:180®. Serum samples were obtained from 132 fasting, apparently healthy individuals. Ninety-five percent of C-peptide values for these individuals fell in the range of 0.81 to 3.85 ng/mL with an overall range of 0.48 to 5.05 ng/mL and a mean value of 1.51 ng/mL.

As with all in vitro diagnostic assays, each laboratory should determine its own reference range(s) for the diagnostic evaluation of patient results.10
	Median (ng/m:)
	Range Central 95% (ng/mL)
	Overall Range (ng/mL)

	1.51
	0.81 – 3.85 
	0.48 – 5.05


Reference Range: 0.48 – 5.05 ng/mL

Report result less than 0.05 as ” <0.05 ng/mL”
Report results greater than 150 as “>150 ng/mL”
X. Procedural Notes/Problem –Solving Tips
Limitations
Heterophilic antibodies in human serum can react with reagent immunoglobulins, interfering with in vitro immunoassays.9 Patients routinely exposed to animals or to animal serum products can be prone to this interference and anomalous values may be observed. Additional information may be required for diagnosis.
High-Dose Hook Effect

Patient samples with high C-peptide levels can cause a paradoxical decrease in the RLUs (high-dose hook effect). In this assay, patient samples with C-peptide levels as high as 200 ng/mL will assay greater than 30 ng/mL.
Specificity

The cross-reactivity of the ADVIA Centaur C-peptide assay was determined by spiking serum samples with the following compounds at the indicated levels. These compounds did not have a significant effect on the C-peptide measurement.
	Substance
	Amount Added
	Mean % Recovery

	Proinsulin
	1.25 ng/mL
	103.4

	Insulin
	375 uU/mL
	95.8

	Glucagon
	2500 pg/mL
	96.4

	Calcitonin
	500 pg/mL
	102.5

	Somatostatin
	12.5 ng/mL
	102.3

	Secretin
	6250 ng/mL
	93.5


Interference testing was determined according to CLSI Document EP7-P11
Sensitivity

The ADVIA Centaur C-peptide assay measures C-peptide concentrations up to 30 ng/mL with a minimum detectable concentration of 0.05 ng/mL. Analytical sensitivity is defined as the concentration of C-peptide that corresponds to the RLUs that are two standard deviations greater than the mean RLUs of 20 replicate determinations of the C-peptide zero standard.
Precision
Three samples were assayed 2 times in 3 runs, on 3 systems (n = 72 for each sample), over a period of 4 days. The following results were obtained:

	Mean C-peptide (ng/mL)
	Within-run% CV
	Run-to-run % CV
	Total % CV

	1.4
	3.7
	3.3
	6.1

	4.9
	4.0
	1.1
	5.1

	10.6
	4.1
	1.0
	6.2


Accuracy / Method Comparison
For 325 serum samples in the range of 0.23 to 22.72 ng/mL, the relationship between the ADVIA Centaur C-peptide assay and an alternate method is described by the equation:


ADVIA Centaur C-peptide = 0.92 (alternate method) + 0.00 ng/mL


Correlation coefficient (r) = 0.996
For 405 urine samples in the range of 0.42 to 300 ng/mL, the relationship between the

ADVIA Centaur C-peptide assay and an alternate method is described by the equation:


ADVIA Centaur C-peptide = 1.01 (alternate method) - 1.21 ng/mL


Correlation coefficient (r) = 0.99
Interference
	Serum specimens that are……..
	Demonstrate </= 10% change in result up to………….

	Hemolyzed
	250 mg/dL of hemoglobin

	lipemic
	1000 mg/dL of lipid

	icteric
	20 mg.dL of bilirubin

	proteinemic
	12 g/dL of protein


Dilution Recovery

Four human serum samples in the range of 9.67 to 27.89 ng/mL of C-peptide were serially diluted 1:2, 1:4, 1:8, and 1:16 with Multi-Diluent 10 and assayed for recovery and parallelism.

The recoveries ranged from 84.1 to 106.3% with a mean of 93.5%.
	Sample
	Dilution
	Observed (ug/dL)
	Expected           (ug/dL)
	Recovery                  %

	1
	------
	13.59
	
	

	
	1:2
	6.30
	6.79
	92.7

	
	1:4
	2.86
	3.40
	84.1

	
	1:8
	1.46
	1.70
	85.9

	
	1:16
	0.80
	0.82
	94.1

	
	Mean
	
	
	89.2

	2
	----------
	27.89
	
	

	
	1:2
	13.35
	13.95
	95.7

	
	1:4
	6.48
	6.97
	93.0

	
	1:8
	3.39
	3.49
	97.1

	
	1:16
	1.85
	1.74
	106.3

	
	Mean
	
	
	98.0

	3
	-------
	19.74
	
	

	
	1:2
	9.83
	9.87
	99.6

	
	1:4
	4.35
	4.93
	88.2

	
	1:8
	2.25
	2.47
	91.1

	
	1:16
	1.14
	1.23
	92.7

	
	Mean
	
	
	92.9

	4
	--------
	9.67
	
	

	
	1:2
	4.64
	4.84
	95.9

	
	1:4
	2.15
	2.42
	88.8

	
	1:8
	1.13
	1.21
	93.4

	
	1:16
	0.58
	0.60
	96.6

	
	Mean
	
	
	93.7

	Mean
	
	
	
	93.5


Spiking Recovery

Varying amounts of C-peptide were added to six serum sample with endogenous C-peptide levels ranging from 1.90 to 18.41 ng/mL. The amount of C-peptide that was added varied from 2.68 to 4.67 ng/mL. When compared to the expected value, the measured (recovered) values of C-peptide averaged 97.8% with a range of 90.1 to 108.8%.
	Sample
	Amount Added (ng/mL)
	Observed

(ng/mL)
	Expected                (ng/mL)
	Recovery

%

	1
	-------------------
	1.90
	
	

	
	2.68
	4.45
	4.58
	97.2

	
	4.67
	6.95
	6.57
	105.8

	
	Mean
	
	
	101.5

	2
	-----------------
	2.15
	
	

	
	2.68
	5.02
	4.82
	104.1

	
	4.67
	7.42
	6.82
	108.8

	
	Mean
	
	
	106.5

	3
	----------
	6.08
	
	

	
	2.68
	8.13
	8.76
	92.8

	
	4.67
	10.76
	10.76
	100.1

	
	Mean
	
	
	96.5

	4
	---------
	7.07
	
	

	
	2.68
	9.30
	9.75
	95.5

	
	4.67
	11.85
	11.74
	100.9

	
	Mean
	
	
	98.2

	5
	----------
	14.58
	
	

	
	2.68
	15.55
	17.26
	90.1

	
	4.67
	18.52
	19.25
	96.2

	
	Mean
	
	
	93.2

	6
	--------
	18.41
	
	

	
	2.68
	19.03
	21.09
	90.2

	
	4.67
	21.03
	23.08
	91.1

	
	Mean
	
	
	90.7

	Mean
	
	
	
	97.8


Standardization
The ADVIA Centaur C-peptide assay is standardized against World Health Organization (WHO) IS 84/510. Assigned values of calibrators are traceable to this standardization. 
Technical Assistance

For customer support, please contact your local technical support provider or distributor.

www.siemens.com/diagnostics
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