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ABSTRACT

Background: Reagent lot-to-lot variation is a recognized source of
analytical variability in immunoassays. The magnitude and clinical
relevance of this phenomenon are underexplored in routine laboratory
practice.

Methods: This retrospective study analyzed internal quality control
data for FT3, FT4, and TSH over a period of 12 months. Bias resulting
from reagent lot shift was calculated by comparing mean QC values
between shifting reagent lots. Both directional and absolute bias were
calculated.

Results: The mean bias was 1.05% for FT3, 1.20% for FT4, and
0.83% for TSH. Despite low mean bias, substantial variability was
observed, with mean absolute bias ranging from 5.08% to 6.01%. TSH
demonstrated the highest maximum bias (15.06%). No consistent
concentration-dependent pattern was observed across QC levels.

Conclusion: Reagent lot transitions introduced non-directional
random variability in thyroid hormone analysis. The variability was
often large enough to be clinically significant. These findings
highlight the need for robust lot verification protocols to ensure
analytical consistency and accurate clinical interpretation.
Keywords: Chemiluminescence Analyzer, Internal QC, reagent lot,

hormone assay.
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INTRODUCTION

Accurate and precise laboratory measurements are

essential for reliable clinical decision-making,
particularly in the context of serial monitoring of
biochemical parameters (1). Thyroid function tests
(TFTs), FT3, FT4, and TSH are three of the most
requested analyses performed in clinical laboratories

(2,3). Besides the evaluation of the health of the thyroid

gland, they also assist in the diagnosis of various
metabolic disorders. Thyroid hormones regulate basal
metabolic rate, heart rate, and body temperature (4-6).
Monitoring the thyroid hormone levels is essential in
managing patients with cardiovascular issues or weight
disorders. TFTs are used in newborn screening to prevent
developmental delays. Monitoring of maternal thyroid
health in pregnant women is vital for neurological
development as well (7, 8). The accuracy of these tests
relies on high-quality laboratory standards. Quality
control (QC) metrics should be monitored extensively to
ensure that the patient results are accurate and reliable for
diagnosis and decision-making.

Analytical variation in laboratory testing arises from
multiple sources, including instrument performance,
calibration age, and reagent manufacturing-related
factors (9). Studies indicate that immunoassays for
thyroid hormones are susceptible to shifts due to
reagent lot changes (10). TSH is often cited as the most
stable among the three, but because it is used as the
frontline screening tool, even a minor shift can
reclassify patients (11-13). Some studies have noted
that patient medians can show subtle shifts of up to 10%
across multiple reagent lots (14). FT3 and FT4 often
show more variation. Literature has documented that
new reagent lots can introduce a bias of 20% or more
compared to previous lots, which necessitates a
complete re-evaluation of the laboratory’s reference
intervals (RIs) (15). Besides lot changes, “within-lot”
instabilities require frequent recalibration to maintain
long-term analytical stability. The CLSI EP26-A
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Guideline is the primary industry standard for user
evaluation of the acceptability of a reagent lot change
(16, 17). It typically recommends using patient samples
rather than just QC material, as QC samples may not
always reflect the matrix effects seen in human serum.
However, there remains a paucity of real-world
longitudinal studies quantifying the magnitude and
clinical relevance of reagent lot-to-lot bias in routine
laboratory practice.

The present study aims to evaluate the impact of reagent
lot-to-lot variation on internal QC performance in TFTs. By
analyzing retrospective QC data for FT3, FT4, and TSH,
we examined the analytical shifts across multiple reagent
lot changes over 12 months. QC bias was calculated to
quantify the magnitude of lot-to-lot result shift.

MATERIALS AND METHOD
Study Design and Materials

This retrospective analytical study was conducted on the
internal QC performance of FT3, FT4, and TSH. The
study utilized QC data generated on the Siemens Advia
Centaur XPT Chemiluminescence Analyzer. The test
reagents and calibrators were purchased from Siemens
and stored in pharmacy refrigerators at 2—8°C until use.
Lyophilized Lypochek Immunoassay Plus Control (lot #
40450) standards were purchased from Bio-Rad and
stored in a pharmacy refrigerator at 2-8°C until
reconstituted distilled
Reconstituted QC solutions were divided into 1.0 mL
aliquot tubes and stored at ~-22.0°C in a medical freezer

using ampoule  water.

to avoid repeated freezing and thawing during routine
QC checks. QC checks were performed at three
concentration levels, low (level 1), normal (level 2), and
high (level 3), for each analyte as part of routine QC
checks. A total of 820 QC observations were included
across all analytes and QC levels.

Data Collection and Structure

The dataset comprised QC results with associated
variables necessary to identify reagent-related variation
for each analyte. QC level, result, date of analysis, and
primary reagent lot number were extracted from the XPT
system database for the period of the 12 months of 2025.
The data was then cleaned to remove diagnostic QC
results.
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Analysis

Lot-to-lot bias was assessed by comparing mean QC
values between consecutive reagent lots. For each analyte
and QC level, the mean control result was calculated
within each reagent lot, and percentage bias between
successive lots was determined using the following
formula:

MeanLot n+1 — lv[eanLot n

Bias% = X 100

Mean;;

Both directional bias and absolute bias were evaluated.
Absolute bias was calculated as the absolute value of the
percentage difference to reflect the magnitude of
variation irrespective of direction. Bias calculations were
performed separately for each QC level and analyte, and
aggregated summaries were generated to describe overall
assay performance.

Descriptive statistical methods were used to summarize
the magnitude and distribution of lot-to-lot bias. For each
analyte, mean, standard deviation (SD), minimum (Min.)
and maximum (Max.) bias % were calculated. Bias
values were further stratified by QC level to assess
potential concentration dependence.

Modified Levey-Jennings plots were constructed for each
analyte to visualize QC performance across reagent lots.
Box plots of absolute bias were generated to compare
variability across analytes.

Ethical Clearance

Ethical approval was waived as the study utilized anonymized
internal quality control data without patient involvement.

Software

Data analysis was performed with python 3.13.2 on
Jupyter notebook using Pandas and NumPy libraries. For
visualization, Matplotlib library was used.

RESULTS

The
visualization of internal QC performance across consecutive

Levey-Jennings plots provide a longitudinal
reagent lot changes for each analyte. FT3 has the fewest
reagent lot changes (4 lots) during the study period. Both
FT3 (Figure 1) and FT4 (Figure 2) show significant intra lot
variability in routine QC. The shifts at transitions are not

visibly as significant as the random variability.
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Figure 1: Levey-Jennings plot for FT3
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Figure 2: Levey-Jennings plot for FT4
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The TSH plot (Figure 3) demonstrates the highest degree
of analytical stability across multiple reagent lots (lot 3 to
11). The three control levels remain relatively tightly
clustered. Compared to later lots, earlier lot (lot 4)
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appears more stable in the Levey-Jennings plot. After lot
4, there is significantly more random variability. There is
no evidence of any significant shift with lot changes.
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Figure 3: Levey-Jennings plot for TSH

The quantitative analysis of reagent lot transitions
revealed varying degrees of shift across the three thyroid
tests (Table 1). While TSH showed the lowest overall
mean bias (0.83%), it demonstrated the highest maximum

bias (15.06%). FT4 showed the highest mean bias
(1.20%) and a significant maximum absolute bias
(11.12%). The relatively high SD (6.62) aligns with the
noisy Levey-Jennings plot (Figure 2)

Table 1: Summary of Lot-to-Lot Bias (n = number of lot transitions)

Mean

Max.

Par’g:ﬁz o Me?:}o ;31as SD 11;:’; soz :'1/?)3 ﬁil;ssoz })‘/E; Ml?%lilas Ma()f%];’ﬂas
FT3 (n=3) 1.05 5.89 6.01 9.83 4.64 9.86
FT4 (n=6) 1.20 6.62 5.08 11.12 3.57 10.63
TSH (n=06) 0.83 6.72 5.51 15.06 10.13 15.06

The impact of the lot changes was not uniform across all
three standard levels (Table 2). Level 2, which
represents the physiological range, FT3 (7.00%) and
TSH (6.72%) showed the highest mean absolute bias,

while FT4 (4.04%) showed the lowest absolute bias.
Relatively small values of mean bias for all three

analytes suggest that the bias is random and

non-directional.
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Table 2: Bias by QC Level
Test Parameter QC Level Mean Bias (%) Mean A?OSA? )l ute Bias

1 2.34 5.43

FT3 2 -0.43 7.00
3 1.24 5.60
1 0.85 4.37

FT4 2 1.34 4.04
3 1.41 6.84
1 -0.09 6.60

TSH 1.70 6.72
3 0.87 3.20

Figure 4 provides a visual synthesis of the analytical
stability for FT3, FT4, and TSH, highlighting the spread
and central tendency of the shifts observed. FT3 displays
the most compact interquartile range (IQR), with the
median absolute bias near 5.6%. FT4 has the lowest

median absolute bias (~4.4%), but a significant upper
whisker reaching near 7.0%. TSH exhibits the largest
overall spread, with an IQR that spans from 4.9% to 6.7,
and a median value near 6.6%. It also shows the longest
downward whisker (~3.3%).
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Figure 4: Lot-to-Lot absolute bias distribution
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DISCUSSION

The study shows that TSH may experience significant
bias (15.06%) when shifting reagent lots. The
relatively small values for overall mean bias across all
three analytes suggest that these shifts are largely
random and non-directional rather than representing a
consistent upward or downward drift over time. As
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shown in Table 2, concentration had negligible
influence on the lot-to-lot shift result bias. The 15.06%
maximum bias observed for TSH is concerning. Such
large shifts may mimic clinically significant changes
in patient status (18,19). The widespread high median
absolute bias for TSH (~6.6%) shown in Figure 4
represents diagnostic risks for subclinical patients.

Table 3: Comparison of mean absolute bias with regulatory guidelines.

Clinical Laboratory Improvement

Royal College of Pathologists

Mean Amendments (CLIA) of Australasia (RCPA)
Test Absolute
Bias (%) recommended total allowable recommended total allowable
error (%) (20) error (%) (21)
FT3 6.01 +25% +20%
FT4 5.08 +15% +12%
TSH 5.51 +20% +20%

The magnitudes of the mean absolute bias are all within
recommended values (Table 3). However, the possibility
of combined effect of lot bias and biological variation
violating those values advocates for routine re-evaluation
of reference intervals following major reagent changes to
maintain analytical stability (22,23).

CONCLUSION

This retrospective study quantified significant lot-to-lot
variation in TFTs over a 12-month period. While TSH
appeared most stable visually, it demonstrated the highest
susceptibility to extreme bias events. The findings reveal
that reagent lot transitions introduce non-directional,
concentration-independent bias that may impact results.
Clinical laboratories should move beyond basic internal
QC to include robust lot-to-lot verification protocols of
new reagent lots and establish internal reference intervals
to ensure uncompromised clinical decision-making.
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