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Background: Photometric techniques are the most common
methods for measuring serum albumin, where albumin binds
with an organic dye to form a complex. These methods are
popular due to their simplicity, automation potential, speed,
and cost-effectiveness, with bromocresol green (BCG) and
bromocresol purple (BCP) being the most frequently used
dyes.

Case presentation: A 2-year-old boy presented with facial
swelling, starting around the eyes in the morning and
gradually spreading to the face, improving by evening, and
accompanied by reduced urine output. He was diagnosed with
nephrotic syndrome and treated with a high-calorie, high-
protein diet, oral prednisolone, furosemide, and intravenous
albumin. Despite treatment, his local laboratory’s serum
albumin level remained consistently low. However, tests
from a private lab showed levels higher than the state lab.
The nephrology team was informed of this discrepancy and
chose to rely on the private lab’s results.

Conclusion: A comparison study between BCP and BCG
methods found a good correlation overall, but Bland-Altman
analysis revealed that BCG had a significant positive bias
compared to BCP, explaining the lab discrepancies. The
study underscored the importance of clinician awareness of
different serum albumin measurement methods, noting that
BCP is more specific and does not overestimate albumin in
kidney disease patients like BCG does.
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Introduction

Serum albumin is a key biomarker for assessing nutritional
status, liver function, and kidney health [1,2]. Accurate
measurement is vital for proper diagnosis and management
of various conditions. Photometric methods, using dyes like
Bromocresol Green (BCG) and Bromocresol Purple (BCP), are
widely used due to their efficiency and cost-effectiveness [3,4].
While both dyes are commonly employed, the choice between
BCG and BCP can affect result accuracy, particularly in patients
with conditions such as kidney disease [5]. Understanding these
methods helps ensure precise diagnosis and treatment.

Case presentation

A 2-year-old male patient presented with facial swelling, first
noticed around the peri-orbital region upon waking. The swelling
gradually spread across the face throughout the day but lessened
by evening. In addition, the child had a marked decrease in urine
output, suggesting potential renal pathology. Aside from the
facial swelling, other general and systemic examinations were
normal. Based on the clinical presentation and investigative
findings, a diagnosis of nephrotic syndrome was made, and the
child was admitted for further assessment and treatment.

Upon admission, the child was started on a comprehensive
treatment plan aimed at addressing the nephrotic syndrome.
This regimen included a high-calorie, high-protein diet to
support his nutritional needs, along with oral prednisolone
to reduce inflammation and manage the disease process. In
addition, furosemide, a diuretic, was prescribed to help alleviate
fluid retention, and intravenous albumin was administered to
replenish the low serum albumin levels commonly associated
with nephrotic syndrome.

Despite this aggressive treatment approach, the serum albumin
levels, as measured by the local laboratory, remained critically
low at 6 g/L (with a normal reference range of 35-50 g/L).
This persistently low reading was concerning, as it suggested
ongoing hypoalbuminemia despite therapeutic interventions.
To investigate further, serum albumin levels were also assessed
at a private laboratory, where the results indicated significantly
higher levels, ranging between 15-20 g/L (35-50 g/L).

The nephrology team carefully reviewed the discrepancies
between local and private lab results and, noting the impact of
inaccurate albumin measurements on treatment, opted to rely on
the private lab’s results, which aligned with the clinical picture. A
comparison study of the BCP and BCG methods was conducted
to address this discrepancy.

However, based on the findings of the comparative study, the
patient was provided with an additional albumin supplement,
which resulted in improvements in oedema, proteinuria, and the
overall clinical condition, that helped the nephrologist to decide
on accurate treatment.

Differential Diagnosis

Given the diagnosis of nephrotic syndrome and the persistently
low serum albumin levels, two main differential diagnoses were
considered:
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was excluded, as the prescribed dosages were appropriate and
aligned with the standard treatment protocols.

Serum Albumin Assay Discrepancies

The other concern was the accuracy of the serum albumin
The significant difference between the
local laboratory and the private laboratory results led to the
consideration of assay discrepancies. This was likely due to the
use of different methods for measuring albumin, with the local
lab potentially using a more specific but less reliable method
for hypoalbuminemia cases (BCP), and the private lab using
a method (BCG) that was more consistent with the clinical
picture. After careful review, this assay discrepancy was deemed
the likely explanation for the low serum albumin levels reported
by the local lab.

Thus, the assay discrepancy was identified as the primary
cause of the differing albumin results, rather than a suboptimal
treatment regimen.

measurements.

Diagnostic Workup

To evaluate the situation, the following steps were undertaken:
Actotal of 59 anonymized serum samples were randomly selected
and analyzed using three analyzers: Dimension EXL 200 (BCP
assay), Cobas ¢ 311 (BCG assay), and Beckman Coulter AU 480
(BCG assay). The results were compared using linear regression
and Bland-Altman methods. Additionally, 16 more samples
were tested with the Dimension BCP method and compared
with results from an external lab using the Abbott Architect
Plus C8000 (BCP assay). The comparison was analyzed through
linear regression, with statistical analysis performed in Excel
(version 1808).

Results

Before testing patient samples, quality control checks were
performed, with all results falling within acceptable ranges. The
BCP method, serving as the reference standard, was compared
with the BCG method to evaluate its accuracy.

The analytical measurement ranges for serum albumin are 6-80
g/L on the Dimension EXL 200, 2-60 g/L on the Cobas ¢ 311,
and 15-60 g/L on the Beckman AU 480. Our serum albumin
samples ranged from 4-50 g/L. The comparison plots showed
that these samples covered the entire analytical measurement
range, demonstrating a linear relationship between the BCP and
BCG methods within this range (Figure 1 and 2).

Bland-Altman plot (Figure 4) indicated that the Cobasc 311 BCG
assay was positively biased compared with Dimension EXL 200
BCP method; producing results that were approximately 6 g/L
higher.

Linear regression analysis showed good agreement (y = 0.9065x
+ 1.315, R2 = 0.9848) between the Dimension EXL 200 BCP
results and external laboratory Abbott Architect Plus C8000
BCP results (Figure 3).
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Figure 1: The Comparison Plot between BCP and BCG method
between Cobas ¢ 311 and Dimension EXL 200
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Figure 2: The Comparison Plot between BCP and BCG method
between Beckman Coulter AU480 and Dimension EXL 200
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Figure 3: The Comparison Plot between Dimension and
Abbot Architect BCP method
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Figure 4: Bland-Altman plot comparison of albumin results for
Dimension EXL200 BCP and Cobas ¢ 311 BCG methods.
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Figure 5: Bland-Altman plot comparison of albumin results
for the Dimension BCP and Beckman Coulter AU480 BCG
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The Bland-Altman plot (Figure 5) showed that the Beckman
AU 480 BCG assay had a positive bias, yielding results
approximately 8 g/L higher than the Dimension EXL 200 BCP
method. Most results fell within the 95% confidence interval.

Discussion

Albumin is a crucial biomarker in kidney disease, as low serum
albumin levels often indicate nephrotic syndrome or other forms
of kidney dysfunction. Monitoring albumin levels helps assess
the severity of kidney damage and guides treatment decisions to
prevent further complications [6,7].

In this study, we compared serum albumin measurements
obtained from three different analyzers in one laboratory:
Dimension EXL 200, Cobas ¢ 311, and Beckman AU 480.
Values of serum albumin samples, which ranged from 4-50 g/L,
effectively covered the concentration ranges of analyzers.

The comparison plots revealed a linear relationship between the
BCP and BCG methods, indicating that both methods performed
comparably within the tested concentration range. This linearity
suggests that both methods can be used effectively within their
respective ranges for measuring serum albumin levels.

Linear regression analysis showed a strong correlation between
the Dimension EXL 200 BCP results and the external lab’s
Abbott Architect Plus C8000 BCP method, with an equation of y
=0.9065x + 1.315 and R? = 0.9848, confirming the accuracy of
the Dimension EXL 200 analyzer.

Bland-Altman analysis revealed a positive bias in the Cobas ¢
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311 and Beckman AU 480 BCG assays, with albumin results
approximately 6 g/L and 8 g/L higher, respectively, than the
Dimension EXL 200 BCP method. While most results fell
within the 95% confidence interval, the BCG method tended to
overestimate serum albumin levels compared to the BCP method,
indicating consistent but clinically significant discrepancies.
This case report provides value in three key areas: clinical
presentation and management of nephrotic syndrome, analytical
challenges with serum albumin measurement, and the importance
of statistical comparisons in laboratory medicine. It serves as an
important lesson in ensuring the alignment of clinical signs with
laboratory findings and recognizing the limitations of different
diagnostic assays in medical practice [8,9].

Conclusion

This study highlights significant differences between serum
albumin measurement methods, particularly between BCP and
BCG techniques [3,4]. The BCP method showed excellent
agreement across analyzers, supporting its reliability as a
reference standard. In contrast, the BCG method exhibited
positive biases, leading to higher albumin readings. Clinicians
should be mindful of these biases when interpreting results, as
accurate serum albumin measurement is critical for diagnosing
and managing conditions like nephrotic syndrome [8,10]. The
clinical team chose the BCP method to ensure more accurate
patient assessments and better management outcomes.

There are certain limitations need attention. First, it focuses
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on a single patient, which restricts the generalizability of its
findings to broader populations or settings. The absence of
a larger dataset further limits the robustness of the statistical
analyses. Additionally, while the study compares the BCG and
BCP methods, it does not include electrophoresis as a reference
technique, which could have provided a more comprehensive
evaluation of the methods’ biases.

The lack of access to electrophoretic analysis, which is
considered a more precise method for evaluating serum albumin,
restricts the ability to provide a more comprehensive assessment
of the biases between the two methods. Finally, the study was
conducted in a single laboratory setting, which may limit the
applicability of the findings to other laboratories with different
equipment, reagents, and standard practices. Addressing these
limitations in future research will provide a more comprehensive
understanding of serum albumin measurement discrepancies and
their clinical implications.

Learning Points

Importance of serum albumin in diagnostics: Serum albumin is
a key biomarker for assessing nutritional status, liver function,
and kidney health, crucial for diagnosing and managing various
conditions.

Photometric methods: These are widely used for serum albumin
measurement due to their efficiency, simplicity, and cost-
effectiveness, relying on the interaction of albumin with a dye.
BCG vs BCP: The choice between BCG and BCP methods can
impact accuracy, particularly in patients with kidney disease, as
both are commonly used but may yield different results.
Clinical implications: Discrepancies in lab results, as seen in the
case study, can complicate diagnosis and treatment, underscoring
the need for accurate measurements.

Perspective of Laboratory Input

The clinical team recognizes the importance of understanding
the differences between BCG and BCP methods for serum
albumin measurement. The study’s findings of a positive bias
in BCG highlight potential inaccuracies that could affect patient
management.

Discrepancies in lab results raise concerns about over- or under-
treatment, especially in kidney disease management. As a result,
the team is considering shifting to more reliable methods like
BCP and exploring external lab verification for critical tests.
They emphasize the need for collaboration with labs to ensure
accurate diagnostics through regular reviews and protocol
updates.

The team supports ongoing research to improve diagnostic
methods and monitoring of serum albumin measurement
practices. They believe further studies could refine current
techniques and lead to more accurate tools, enhancing care
for patients, especially those with conditions like nephrotic
syndrome.
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