
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 
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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 using distilled ampoule water. 
Reconstituted QC solutions were divided into 1.0 mL 
aliquot tubes and stored at ~-22.0°C in a medical freezer 
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.

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:

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 Levey-Jennings plots provide a longitudinal 
visualization of internal QC performance across consecutive 
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

Figure 2: Levey-Jennings plot for FT4
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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)

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. 

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) 

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.

Figure 3: Levey-Jennings plot for TSH

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

Test 
Parameter 

Mean Bias 
(%) SD 

Mean 
Absolute 
Bias (%) 

Max. 
Absolute 
Bias (%) 

Min. Bias 
(%) 

Max. Bias 
(%) 

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=6) 0.83 6.72 5.51 15.06 10.13 15.06 
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localized shielding near the fume hood is proposed to 
optimize radiation protection. Overall, the radiation 
safety measures at INMAS Pabna are effective and 
follow international guidelines, though enhancements in 
shielding and adherence to ALARA principles are 
advised for improved safety in nuclear medicine 
facilities.
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Figure 7: Attenuation of radiation dose by shielding 
thickness with HVL concept

DISCUSSION

This study evaluated radiation dose distribution and 
shielding effectiveness in a nuclear medicine hot 
laboratory using both short-term generator elution data 
and six-month monitoring results. The findings 
demonstrate a clear spatial variation in radiation dose, 
with the highest exposure observed at the fume hood 
(FH) surface and progressively lower values at increasing 
distances (8). The elevated dose rate at the FH surface 
reflects its role as the primary site for 
radiopharmaceutical preparation and generator handling. 
The peak elution dose (44.4 µSv/h) and monthly mean 
(37.85 ± 1.29 µSv/h) indicate that this area represents the 
most critical location for occupational exposure. Similar 
observations have been reported in nuclear medicine 
facilities, where handling zones consistently show higher 
radiation levels due to direct interaction with radioactive 
materials. The variation in dose rate during generator 
elution (Figure 3) is consistent with radionuclide decay 
and operational workflow (9). A significant reduction in 
dose rate with increasing distance was observed, 
supported by a strong negative correlation (r = −0.96) 
(10). As illustrated in Figures 4 and 5, dose rates 
decreased rapidly from the FH surface to 1 m, 
approaching near-background levels. This finding is 
consistent with the inverse square law and highlights 
distance as a simple and effective method for reducing 
radiation exposure (11). Such observations are in 
agreement with previous studies in nuclear medicine 
environments. The study also demonstrates that the 

existing shielding and laboratory design are effective in 
limiting radiation exposure to peripheral areas. Low dose 
rates recorded in the post-dose area and corridor (≤0.34 
µSv/h) indicate that radiation is well confined within 
controlled zones. The attenuation observed across the 
fume hood door further supports the adequacy of 
installed shielding. These results suggest that current 
structural and operational measures are sufficient to 
maintain occupational exposure within recommended 
limits. Shielding analysis based on the half-value layer 
(HVL) concept showed that approximately 1.27–1.34 
mm of lead is required to reduce FH surface dose rates to 
2.0 µSv/h (12). The attenuation pattern (Figures 6 and 7) 
confirms the expected exponential reduction in radiation 
intensity with increasing shielding thickness (13, 14). 
From a practical perspective, the addition of 
approximately 1.5–2.0 mm localized lead shielding near 
the FH could further reduce exposure and provide an 
additional safety margin (5). This study has some 
limitations. Measurements were conducted in a single 
facility and focused on one type of radionuclide 
generator, which may limit generalizability. 
Additionally, individual staff dose monitoring was not 
included. However, the findings confirm that distance, 
shielding and proper laboratory design play key roles in 
radiation protection. Continuous monitoring and 
adherence to ALARA principles are essential to ensure 
sustained occupational safety in nuclear medicine hot 
laboratories (5, 15).

CONCLUSION

This study assesses radiation dose distribution and 
shielding effectiveness in a nuclear medicine hot 
laboratory, using both operational measurements and 
long-term monitoring data. It shows that radiation 
exposure significantly decreases with increased distance 
from the source, confirming the principles of radiation 
physics. The study identifies the fume hood surface as the 
primary radiation exposure zone, with surrounding areas 
demonstrating low dose rates. The findings indicate 
effective shielding design and lab layout that ensure 
compliance with safety standards. Shielding analysis 
suggests that minor increases in lead thickness (1.3–1.7 
mm) can significantly lower radiation in critical areas. A 
recommendation for an additional 1.5–2.0 mm of 

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%). 

Table 2: Bias by QC Level

Test Parameter QC Level Mean Bias (%) Mean Absolute Bias 
(%) 

FT3 

1 2.34 5.43 

2 -0.43 7.00 

3 1.24 5.60 

FT4 

1 0.85 4.37 

2 1.34 4.04 

3 1.41 6.84 

TSH 

1 -0.09 6.60 

2 1.70 6.72 

3 0.87 3.20 

Figure 4: Lot-to-Lot absolute bias distribution
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localized shielding near the fume hood is proposed to 
optimize radiation protection. Overall, the radiation 
safety measures at INMAS Pabna are effective and 
follow international guidelines, though enhancements in 
shielding and adherence to ALARA principles are 
advised for improved safety in nuclear medicine 
facilities.
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DISCUSSION

This study evaluated radiation dose distribution and 
shielding effectiveness in a nuclear medicine hot 
laboratory using both short-term generator elution data 
and six-month monitoring results. The findings 
demonstrate a clear spatial variation in radiation dose, 
with the highest exposure observed at the fume hood 
(FH) surface and progressively lower values at increasing 
distances (8). The elevated dose rate at the FH surface 
reflects its role as the primary site for 
radiopharmaceutical preparation and generator handling. 
The peak elution dose (44.4 µSv/h) and monthly mean 
(37.85 ± 1.29 µSv/h) indicate that this area represents the 
most critical location for occupational exposure. Similar 
observations have been reported in nuclear medicine 
facilities, where handling zones consistently show higher 
radiation levels due to direct interaction with radioactive 
materials. The variation in dose rate during generator 
elution (Figure 3) is consistent with radionuclide decay 
and operational workflow (9). A significant reduction in 
dose rate with increasing distance was observed, 
supported by a strong negative correlation (r = −0.96) 
(10). As illustrated in Figures 4 and 5, dose rates 
decreased rapidly from the FH surface to 1 m, 
approaching near-background levels. This finding is 
consistent with the inverse square law and highlights 
distance as a simple and effective method for reducing 
radiation exposure (11). Such observations are in 
agreement with previous studies in nuclear medicine 
environments. The study also demonstrates that the 

existing shielding and laboratory design are effective in 
limiting radiation exposure to peripheral areas. Low dose 
rates recorded in the post-dose area and corridor (≤0.34 
µSv/h) indicate that radiation is well confined within 
controlled zones. The attenuation observed across the 
fume hood door further supports the adequacy of 
installed shielding. These results suggest that current 
structural and operational measures are sufficient to 
maintain occupational exposure within recommended 
limits. Shielding analysis based on the half-value layer 
(HVL) concept showed that approximately 1.27–1.34 
mm of lead is required to reduce FH surface dose rates to 
2.0 µSv/h (12). The attenuation pattern (Figures 6 and 7) 
confirms the expected exponential reduction in radiation 
intensity with increasing shielding thickness (13, 14). 
From a practical perspective, the addition of 
approximately 1.5–2.0 mm localized lead shielding near 
the FH could further reduce exposure and provide an 
additional safety margin (5). This study has some 
limitations. Measurements were conducted in a single 
facility and focused on one type of radionuclide 
generator, which may limit generalizability. 
Additionally, individual staff dose monitoring was not 
included. However, the findings confirm that distance, 
shielding and proper laboratory design play key roles in 
radiation protection. Continuous monitoring and 
adherence to ALARA principles are essential to ensure 
sustained occupational safety in nuclear medicine hot 
laboratories (5, 15).

CONCLUSION

This study assesses radiation dose distribution and 
shielding effectiveness in a nuclear medicine hot 
laboratory, using both operational measurements and 
long-term monitoring data. It shows that radiation 
exposure significantly decreases with increased distance 
from the source, confirming the principles of radiation 
physics. The study identifies the fume hood surface as the 
primary radiation exposure zone, with surrounding areas 
demonstrating low dose rates. The findings indicate 
effective shielding design and lab layout that ensure 
compliance with safety standards. Shielding analysis 
suggests that minor increases in lead thickness (1.3–1.7 
mm) can significantly lower radiation in critical areas. A 
recommendation for an additional 1.5–2.0 mm of 

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 

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.

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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ABSTRACT
Background: The purpose of the work is to find out the beam profiles 
using physical and enhanced wedges of different angles, different field 
sizes, and different energies and to compare them.

Materials and Methods: The study was conducted using the Varian 
Clinac iX LINAC with different photon energies—6 MV and 15 MV. 
The slab phantom is arranged at a fixed depth (10 cm depth) above the 
IBA MatriXX device, which consists of 1020 vented ion chamber 2D 
array detectors arranged in a 32 × 32 grid. The physical and enhanced 
dynamic wedges at different angles (15°, 30°, 45°, and 60°) were 
examined for the field sizes 5x5 cm², 10x10 cm², 10x115×15 cm² by 
delivering 50 monitoring units (MU).

Result: In comparison of beam profiles (without rescaling) of PW and 
DW obtained from 2D array measurement, it was found that there was 
a difference, but the gradient of curves is almost the same except for 
some points in the toe, heel, and penumbral region, which is 
negligible. From the beam profiles, it was understood that a. The 
difference between PW and DW increased with the increase of wedge 
angle while field size and energy were fixed. b. The difference 
between PW and DW increased with increasing field sizes while 
energy and wedge angle were fixed. c. The difference between PW 
and DW increased with increasing energy while field size and wedge 
angle were fixed.

Conclusion: Based on the results of our study, it can be concluded that 
the Universal detector 2D array (matrix) can be used effectively to 
obtain the dosimetric characteristics of both EDW and physical 
wedges.

Keywords: Physical Wedge, Enhanced Dynamic Wedge, MatriXX, 
Beam profile
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INTRODUCTION

Though the first teletherapy (Co-60) machine was 
installed in Bangladesh in 1953. But the first linear 

accelerator (LINAC) machine was installed at the 
National Institute of Cancer Research & Hospital 
(NICRH) in Dhaka in 2010 (1). The linear accelerator 
(LINAC) is a device that produces the photon and 
electron beams of high energy. The collimated beam 
emerging from an x-ray tube can be directly applied to 
the patient. In some circumstances, it is desirable to 
modify the special distribution of radiation within the 
patient by the insertion of material into the beam. This is 
called a beam-modifying device. The wedge is a beam 
modifier device. Wedge is mainly used to improve dose 
homogeneity in the target volume. Wedges are used to 
improve dose homogeneity in the target volume and to 
modify isodose curve shapes for optimized dose 
distribution (2).

The aim of this study was to evaluate and compare the 
beam profiles of physical wedges and enhanced dynamic 
wedges for different field sizes. Additionally, the study 
seeks to determine the wedge output factors and to verify 
the accuracy of commissioning data related to wedge 
systems.

MATERIALS AND METHODS

For this study, all data of beam profile curves for physical 
wedges and dynamic wedges are collected from the 
Department of Radiotherapy, Institute of Nuclear 
Medical Physics. To complete the work, some equipment 
must be needed. Such as a LINAC machine, Matrixx 
phantom, solid/slab phantom, and physical wedge.

The modern LINAC machine must be needed, which has 
different photon energies (6 MV, 15 MV). The slab 
phantom’s density is equivalent to water. The thickness 

of the phantom is about 0.01 to 7 cm. The material can be 
easily adapted to most ionization chambers [3]. The 
material of this phantom is very flexible and doesn’t 
break under impact. The matrix is the formation of a 1020 
ion chamber array detector. They are placed in a 32×32 
lattice. The equivalent absorber thickness on the front 
side of the matrix is 3.6 mm, and the maximum field of 
view on the matrix is 28 × 28 cm² (4). The International 
Commission on Radiation Units and Measurements 
(ICRU) recommendation for the reference depth is 10 cm 
(5). There are two types of wedges: physical wedges and 
dynamic wedges. A physical wedge is usually 
constructed from a high-density material, such as lead or 
steel. The wedge filters on the Varian Clinac iX 
Accelerator have nominal wedge angles of 15°, 30°, 45°, 
and 60° with four orientations (LEFT, RIGHT, IN, 
OUT). In the enhanced dynamic wedge technique, no 

external beam modifier is used to create wedge dose 
profiles. A physical wedge is mounted on a transparent 
plastic tray, which can be inserted in the beam at a 
specified distance from the source. This distance is at 
least 15 cm from the skin surface to avoid destroying the 
skin-sparing.

The study was conducted using the Varian clinac iX 
linear accelerator with different photon energies 6MV 
and 15MV. Also, the isodose curves calculated by the 
Eclipse treatment planning system (TPS). The slab 
phantom arranged at a fixed depth (10cm depth) above 
the Matrixx phantom. The physical and enhanced 
dynamic wedges different angles (15°, 30°, 45° and 60°) 
were examined for the field sizes, 5×5cm², 10×10cm² and 
15×15cm². The LINAC machine delivered 50 monitoring 
unit (MU) each case (6).    

   

Figure 1: Beam profiles of physical and enhanced dynamic wedge for wedge angle 15°, 6MV energy (Top row) 
and wedge angle 15°, 15 MV energy (Bottom Row)

From the beam profile showed in Table 1 and Figure 1 to 
5, it was evident that -

a. The difference between PW and DW increased with 
the increasing wedge angle while field size and energy 
were fixed.

b. The difference between PW and DW increased with 
the increasing of field sizes while energy and wedge 
angles were fixed.

c. The difference between PW and DW increased with 
increasing energy while field size and wedge angles were 
fixed.

DISCUSSION

While this study provides valuable insights, there are 
limitations such as the fixed depth of the phantom and the 
use of only specific photon energies and field sizes. 
Future research could explore a broader range of 
conditions, including different depths, wedge types, and 
additional photon energies, to further understand the 
nuances of dose distribution with various wedges. 
Overall, the study highlights the importance of 
comprehensive dosimetric analysis in radiotherapy and 
the role of advanced measurement tools like the MatriXX 
in enhancing treatment accuracy and effectiveness.

CONCLUSION

The study confirms that the Universal Detector 2D array 
(MatriXX) is highly effective for evaluating the 
dosimetric characteristics of both Enhanced Dynamic 
Wedges (EDW) and Physical Wedges (PW). Its precision 
in measuring beam profiles supports accurate dose 
distribution assessments, aiding in optimized 
radiotherapy planning and treatment.
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