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The Erythrocyte Sedimentation Rate (ESR) remains one of the most widely utilized clinical laboratory tests
worldwide, serving as a non-specific but highly sensitive indicator of systemic inflammation, infection, and
malignancy. Since its introduction by Alf Westergren in the early 20th century, the method has undergone
significant evolution. While the manual Westergren method remains the reference standard established by the
International Council for Standardization in Hematology (ICSH), the modern clinical laboratory requires higher
throughput, improved safety protocols, and reduced human error. This has led to the adoption of automated
systems, most notably the StaRRsed Auto-Compact (Mechatronics Manufacturing BV, The Netherlands).

The Biological Basis and Theoretical Framework of Sedimentation

To understand the performance of automated analyzers like the StaRRsed Auto-Compact, one must first grasp the
physical and biological mechanisms of erythrocyte sedimentation. The process is governed by the interaction
between the downward force of gravity and the upward force of plasma resistance. Under normal physiological
conditions, erythrocytes carry a negative surface charge known as the zeta potential, which causes them to repel
each other. However, in the presence of acute-phase reactants—primarily fibrinogen, alpha-globulins, and gamma-
globulins—this charge is neutralized.

The Three Phases of Sedimentation

The sedimentation process occurs in three distinct chronological stages:

1. Lag Phase (Rouleaux Formation): This initial stage involves the aggregation of erythrocytes into columnar
stacks known as rouleaux. The rate is slow as the aggregates begin to form.

2. Decantation Phase (Constant Sedimentation): Once rouleaux are formed, they fall at a constant velocity. This
is the stage where the most significant drop in the plasma-cell interface occurs.

3. Packing Phase: As the aggregates reach the bottom of the tube, they begin to pack tightly, and the rate of
sedimentation slows down significantly.

Mathematical modeling of this process often references Stokes' Law, which describes the settling velocity of a
spherical particle in a viscous fluid. Although red blood cells are not spheres, the law provides a foundational
understanding: the velocity (v) is proportional to the square of the radius (r) of the particle and the difference in
density between the particle and the fluid, and inversely proportional to the viscosity of the fluid.

The Gold Standard: ICSH Westergren Method

The manual Westergren method involves the dilution of four parts anti-coagulated blood with one part sodium
citrate or 0.85% saline. The mixture is drawn into a glass or plastic tube with an internal diameter of 2.5 mm and a
length of 200 mm. The rate is measured as the distance in millimeters that the top of the erythrocyte column has
fallen after exactly 60 minutes.

Despite its status as the reference method, the manual approach presents several operational challenges:



e Biohazard Risk: Manual handling and open-tube pipetting increase the risk of exposure to bloodborne
pathogens.

¢ Subjectivity: Reading the interface between plasma and cells can be subjective, especially in cases of "fuzzy"
interfaces seen in certain pathologies.

* Environmental Sensitivity: The method is highly sensitive to tube verticality (a 3-degree tilt can increase ESR
by 30%), temperature fluctuations, and vibrations.

Technical Breakdown of the StaRRsed Auto-Compact System

The StaRRsed Auto-Compact is an automated ESR analyzer designed to replicate the Westergren method while
mitigating its manual shortcomings. Unlike some other automated systems that use centrifugal force or infrared
kinetics to estimate ESR (which may deviate from the true Westergren value), the StaRRsed system utilizes a
vertical glass pipette and gravity-based sedimentation, making it a "true" automated Westergren analyzer.

Core Mechanics and Workflow

The operational sequence of the StaRRsed Auto-Compact is highly sophisticated, integrating robotics and
precision fluidics:

1. Sample Aspiration: The instrument aspirates blood directly from the primary EDTA or citrated vacuum tube.

2. Automated Dilution: The system precisely dilutes the blood sample with a 4:1 ratio using a proprietary citrate
solution, ensuring consistency that manual pipetting often lacks.

3. Capillary Filling: The diluted blood is drawn into a vertical glass pipette by a vacuum pump.

4. Optical Detection: The system uses advanced optical sensors to detect the plasma-red cell interface at
specific intervals.

5. Temperature Compensation: Many StaRRsed models include built-in algorithms to correct results to a
standard temperature of 18°C or 20°C, a feature essential for standardizing results across different laboratory
environments.

Comparison Matrix: Manual vs. Automated ESR



Feature Manual Westergren StaRRsed Auto-Compact

Technique Manual Dilution &amp; Gravity Automated Dilution &amp; Gravity
Standardization ICSH Reference ICSH Compliant

Time to Result 60 Minutes 30 or 60 Minutes (Mode Dependent)
Throughput Low (Manual Load) High (Up to 140 samples/hour)
Safety Open System (Higher Risk) Closed System (Minimal Risk)

Error Correction None (Manual) Automated Clot Detection &amp;

Temp Compensation

Evidence-Based Performance: Evaluation of Accuracy and Stability

Technical studies, such as those conducted by Horsti (2010) and Sukartini (2019), have rigorously compared the
StaRRsed Auto-Compact and its variants (like the StaRRsed RS) against the manual Westergren method. These
evaluations typically focus on correlation coefficients (r), bias, and the limits of agreement (Bland-Altman analysis).

Statistical Correlation

Research involving over 200 patient samples has consistently shown a high degree of correlation between the
StaRRsed and the ICSH Westergren method. Correlation coefficients (r) are frequently reported in the range of

0.96 to 0.99, indicating near-perfect linear agreement. Specifically, studies have noted that the 30-minute mode on
the StaRRsed provides a reliable extrapolation to the 60-minute manual value, although the 60-minute mode
remains the most precise for extreme ESR values.

The Impact of Plasma Proteins and M-Proteins

A critical area of technical interest is the effect of M-proteins (monoclonal proteins) found in patients with Multiple
Myeloma or Waldenstrdom macroglobulinemia. M-proteins significantly increase plasma viscosity and promote
rouleaux formation, often leading to extremely high ESR values. Studies by Raijmakers (2008)compared the
StaRRsed to analyzers like the TEST 1, which uses a different measurement principle. The findings indicated that
because the StaRRsed follows the true Westergren sedimentation principle, it is often more sensitive to the
presence of M-proteins than kinetic-based rapid analyzers, making it a superior choice for hematology-oncology
clinics.

Operational Excellence: Maintenance and Troubleshooting

For the Senior Laboratory Technologist, the reliability of the StaRRsed Auto-Compact is contingent upon strict
adherence to maintenance protocols. The complexity of the automated fluidics requires specific attention to prevent
protein buildup and ensure optical clarity.

Common Troubleshooting Scenarios

¢ Fuzzy Interface Detection: This occurs when the transition from plasma to red cells is not sharp. The
StaRRsed sensors are programmed to identify these cases, but technicians should review the sample for abnormal
protein concentrations or severe anemia.

¢ Clot Detection: The instrument uses pressure sensors during aspiration to detect micro-clots. A "Clot Error"



necessitates a manual check of the sample tube and potential re-draw, as clots consume fibrinogen and artificially
lower the ESR.

¢ Bubble Interference: Air bubbles in the pipette can disrupt the optical path. Regular cleaning with specialized
detergent is required to maintain the hydrophilicity of the glass pipettes, ensuring a smooth, bubble-free fill.

Calibration and Quality Control (QC)

Unlike manual ESR which often lacks robust QC materials, automated systems utilize dedicated control blood with
known sedimentation ranges (Level 1 and Level 2). Daily QC runs are essential to validate the accuracy of the
optical sensors and the precision of the dilution pump. Levey-Jennings chartsshould be maintained to monitor for
systemic shifts or drifts in the instrument's performance.

Clinical Implications and Practical Implementation

The integration of the StaRRsed Auto-Compact into a laboratory workflow offers significant clinical advantages. By
providing standardized, temperature-corrected results, clinicians receive more reliable data for monitoring chronic
inflammatory conditions such as Rheumatoid Arthritis or Polymyalgia Rheumatica. Furthermore, the automation of
the 4:1 dilution ratio eliminates a major source of pre-analytical error.

Integrating with Laboratory Information Systems (LIS)

A major benefit of the StaRRsed system is its ability to interface directly with the LIS. This eliminates manual data
entry, which is a frequent source of transcription errors in the laboratory. The system can scan the barcode on the
primary tube, perform the test, and transmit the result directly to the patient's electronic medical record, significantly
reducing the Turnaround Time (TAT).

The Future of ESR Automation

While newer markers like C-Reactive Protein (CRP) have gained popularity due to their faster kinetics, the ESR
remains an indispensable tool for specific clinical pathways. The future of ESR testing lies in further refining the
automation of the reference method. Future iterations of the StaRRsed technology may incorporate machine
learning algorithms to better interpret "fuzzy" interfaces or integrate multi-parameter testing (e.g., combining ESR
with a complete blood count) to provide a more holistic view of the patient's hematological status.

In conclusion, the transition from manual Westergren to automated platforms like the StaRRsed Auto-Compact
represents a triumph of engineering in clinical diagnostics. By strictly adhering to the physics of sedimentation while
leveraging modern optical and robotic technologies, these systems provide the accuracy of the gold standard with
the efficiency required by modern medicine. Laboratory directors and technical writers must emphasize the
importance of understanding both the biological variables—such as the influence of M-proteins—and the
mechanical nuances of the equipment to ensure the highest quality of patient care.
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