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In the rapidly evolving landscape of clinical diagnostics, the ADVIA Centaur&reg; family of immunoassay systems
has established itself as a cornerstone of high-throughput laboratory operations. Developed by Siemens
Healthineers, these systems&mdash;ranging from the benchtop ADVIA Centaur CP to the high-capacity ADVIA
Centaur XP and XPT&mdash;utilize advanced chemiluminescent technology to deliver precise results for a wide
array of clinical assays. Among the most critical tests performed on these platforms are the cardiac biomarkers: B-
type Natriuretic Peptide (BNP) and N-terminal pro-brain natriuretic peptide (NT-proBNP). These assays are
indispensable tools in the diagnosis, severity assessment, and management of heart failure (HF).

The Core Mechanics of ADVIA Centaur Chemiluminescence

The success of the ADVIA Centaur platform is rooted in its use of Direct Chemiluminescent Technology . Unlike
enzyme-linked assays that may require secondary substrates or complex incubation steps, the Centaur systems
utilize Acridinium Ester (AE)as the label. This molecule is characterized by its high sensitivity and rapid signal
emission, allowing for lower detection limits and shorter assay turnaround times (TAT).

The Acridinium Ester Reaction

The technical advantage of acridinium ester lies in its stability and the nature of its light-emitting reaction. When the
AE label is triggered by an alkaline peroxide solution, it undergoes a chemical reaction that releases energy in the
form of light (photons). The amount of light produced is measured in Relative Light Units (RLU). This process is
highly efficient because the light emission is brief and intense, occurring without the need for an enzyme-mediated
catalytic step. This reduces the risk of background noise and interference, leading to a higher signal-to-noise ratio
compared to traditional ELISA methods.

Two-Site Sandwich Immunoassay Format

Most assays on the ADVIA Centaur, including the BNP and NT-proBNP assays, employ a two-site sandwich
format. In this configuration:

e Capture Antibody: A specific antibody is conjugated to paramagnetic particles (PMP). This solid phase
captures the target analyte (e.g., the BNP molecule) from the patient sample.

» Detection Antibody: A second antibody, labeled with acridinium ester, binds to a different epitope on the same
analyte molecule.

e Separation: Powerful magnets sequester the PMP-analyte-AE complex while the system performs rigorous
washing steps to remove unbound material.

¢ Detection: The trigger reagents are added, and the resulting RLU is measured. The intensity of the light is
directly proportional to the concentration of the analyte in the sample.

Comparative Analysis of ADVIA Centaur Hardware Platforms

Laboratory managers must choose between different iterations of the ADVIA Centaur platform based on their
specific volume requirements and workflow constraints. The following table provides a technical comparison of the
three primary systems.



Feature/Metric

System Type

Throughput

Sample Capacity

Reagent Capacity

Calibration Stability

ADVIA Centaur CP

Benchtop Immunoassay
System

Up to 180 tests per hour

84 samples in 12 racks

15 refrigerated positions

Up to 28 days (assay
dependent)

Small to mid-sized labs

ADVIA Centaur XP

Floor-standing High-
volume System

Up to 240 tests per hour

180 samples (30 racks)

30 refrigerated positions

Up to 28 days (assay
dependent)

Core laboratories

ADVIA Centaur XPT

Advanced High-efficiency
System

Up to 240 tests per hour

High-capacity (Automation
ready)

30 refrigerated positions

Enhanced stability via XPT
software

Key Markets High-volume automated

labs

ADVIA Centaur CP: Benchtop Efficiency

The ADVIA Centaur CP (Continuous Processing) is designed for mid-volume laboratories or specialized satellite
labs. Despite its smaller footprint, it maintains the same analytical sensitivity as the larger XP and XPT models. A
unique feature of the CP is its Master Curvecalibration system. Each assay kit includes a Master Curve card that
contains the lot-specific calibration data. This allows the lab to calibrate the system using only two levels of
calibrators, significantly reducing reagent waste and operational costs.

ADVIA Centaur XP and XPT: Throughput Powerhouses

The ADVIA Centaur XP and its successor, the XPT, are engineered for the high-intensity environment of core
clinical laboratories. These systems are often integrated into larger automation tracks (such as the Aptio

Automation system). The XPT, in particular, offers enhanced workflow advantages through its intuitive user

interface and streamlined data management, allowing for virtually 24/7 operation with minimal downtime. They
feature clot detection and sample integritychecks to ensure that results are not compromised by pre-analytical
errors.

The Clinical Significance of BNP and NT-proBNP Assays

Heart failure remains a leading cause of morbidity and mortality worldwide. Accurate biochemical markers are
essential for distinguishing HF from other causes of dyspnea (shortness of breath). The ADVIA Centaur platform
offers both BNP and NT-proBNP assays to meet diverse clinical needs.

Pathophysiology of Natriuretic Peptides

When the heart undergoes pressure or volume overload (wall stress), the ventricular myocardium synthesizes a
pro-hormone called proBNP. This pro-hormone is cleaved into two fragments:

1. BNP (Active Hormone): A 32-amino acid peptide that promotes vasodilation and natriuresis (salt excretion).
2. NT-proBNP (Inactive Fragment): A 76-amino acid N-terminal fragment that is biologically inactive but remains
in circulation longer than BNP.
Analytical Comparison: BNP vs. NT-proBNP

The choice between BNP and NT-proBNP often depends on the specific clinical setting and the patient's renal



function. NT-proBNP has a longer half-life (approximately 70-120 minutes) compared to BNP (approximately 20
minutes). This makes NT-proBNP less susceptible to transient fluctuations in cardiac stress but also means it is
more heavily influenced by renal clearance.



Metric ADVIA Centaur BNP ADVIA Centaur NT-proBNP (PBNP)

Molecule Measured 32-amino acid active peptide 76-amino acid inactive fragment
Clinical Utility Acute and chronic HF diagnosis Risk stratification and HF diagnosis
Half-life ~20 minutes ~90 minutes

In vitro Stability Lower (requires rapid processing) High (stable at room temperature)
Renal Sensitivity Moderate High

Analytical Performance and Precision Data

For any immunoassay system, precision is the hallmark of reliability. Technical evaluations of the Bayer/Siemens
ADVIA Centaur BNPassay have demonstrated exceptional performance across the clinical range. According to
analytical studies, the total imprecision (Coefficient of Variation, or CV) of the assay is remarkably low.

Precision Metrics

A typical evaluation of the ADVIA Centaur BNP assay reveals the following precision data:

e Level 1 (48 ng/L): Total CV of 3.4%
e Level 2 (461 ng/L): Total CV of 2.9%
e Level 3 (1768 ng/L): Total CV of 2.4%

These figures indicate that the system provides highly reproducible results even at the lower end of the
measurement range, which is critical for ruling out heart failure in patients presenting with borderline symptoms.
Furthermore, Passing-Bablok regressionanalysis (a statistical method for comparing two methods) has shown
strong correlation between Centaur assays and established gold-standard reference methods, confirming the
system's accuracy.

Procedural Workflow and Operational Excellence

Operating an ADVIA Centaur system requires adherence to strict procedural guidelines to maintain the integrity of
the results. The Operator's Guidefor these systems outlines a standardized workflow designed to maximize
efficiency.

Step-by-Step Assay Execution

1. Sample Preparation: For BNP assays, plasma is typically the preferred specimen. Samples should be
collected in EDTA tubes and centrifuged promptly. For NT-proBNP, both serum and plasma are generally
acceptable.

2. Reagent Loading: Reagents are stored in specialized primary containers that include the solid phase and the
AE-labeled antibody. The system automatically scans the barcode to track lot numbers and expiration dates.

3. Calibration: The operator initiates a calibration sequence. For the CP system, this involves scanning the
Master Curve card and running two levels of calibrators. For XP/XPT, full calibration curves are established and
validated against QC standards.

4. Quality Control (QC): Before patient samples are processed, at least two levels of QC material must be run
to ensure the system is within the predefined SD (Standard Deviation) limits.

5. Processing: Samples are loaded into racks and aspirated by the system's probe. The probe utilizes liquid-



level sensing and pressure-based clot detection to prevent aspiration errors.

Troubleshooting and Resource Management

Advanced operator training focuses heavily on troubleshooting to minimize system downtime. Common challenges
include Low RLU reactions, which can occur during specific assays like BNP or infectious disease (ID) testing.
Low RLU values often indicate issues with reagent integrity, probe clogging, or inadequate washing of the

paramagnetic particles.

Troubleshooting Matrix



Observation Potential Root Cause Corrective Action

Low RLU in BNP Assay Degraded Reagents or Substrate Check expiration; replace reagent
pack.

Maintenance and Quality Assurance

To ensure long-term reliability, the ADVIA Centaur systems require a structured maintenance schedule. Daily
maintenance includes cleaning the probes, checking the waste levels, and performing a system prime. Weekly and
monthly maintenance involves deeper cleaning of the wash stations and inspection of the fluidic pathways.

Technical writers and laboratory managers emphasize the importance of Assay Definition Files (ADF) and Assay
Charts. These documents provide the definitive parameters for each test, including the measurement range,
expected values, and required sample volumes. Staying updated with the latest versions of these documents is a
prerequisite for regulatory compliance (e.g., CLIA, CAP).

Integration and Strategic Importance

In the context of the Siemens Healthineersecosystem, the ADVIA Centaur XPT represents a strategic bridge
toward total laboratory automation. By integrating these immunoassay platforms with clinical chemistry systems
(like the ADVIA 2400) via a centralized track, laboratories can achieve a unified workflow that reduces human error
and decreases the time a patient spends waiting for a diagnosis.

The measurement of NT-proBNP and BNP on these platforms is not just a technical exercise; it is a clinical
necessity. In the Emergency Department (ED), the ability to rapidly rule out heart failure using an ADVIA Centaur
NT-proBNP assay can save lives and optimize hospital resource allocation. The high sensitivity of these assays
allows for the detection of subtle changes in cardiac wall stress, which is vital for monitoring patients on heart
failure therapy.

The Future of Immunoassay Systems

As we look toward the future, the integration of Artificial Intelligence (Al) and predictive analytics into systems like
the ADVIA Centaur XPT is expected to further refine diagnostic accuracy. Predictive maintenance algorithms can
now alert operators to potential hardware failures before they occur, ensuring that the critical task of cardiac
biomarker testing remains uninterrupted.

The analytical excellence of the ADVIA Centaur platform, combined with the clinical power of the BNP and NT-
proBNPassays, provides a robust framework for modern cardiology and emergency medicine. By maintaining high
precision (with CVs as low as 2.4%) and providing versatile hardware options (CP, XP, XPT), Siemens Healthineers
has ensured that labs of all sizes can provide the highest standard of patient care through efficient, accurate, and
reliable immunoassay testing.
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