www.nature.com/scientificreports

scientific reports

OPEN

W) Check for updates

The different serum albumin
assays influence the prescriptions
in children with primary nephrotic
syndrome
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The differences between the serum albumin determined by bromocresol green (BCG) and
immunonephelometry (IN) were inconsistent in past studies, and the samples were all adults. We
sought to determine the differences in children and reveal the impacts of these differences on the
clinical diagnosis and treatments of primary nephrotic syndrome (PNS). Repeated measurements
from 576 PNS children showed that albumin measured by BCG and IN (ALB-B and ALB-1) were 19.95
(11.15) g/L and 15.30 (11.05) g/L, respectively, and the mean difference was 4.68 g/L (P <0.001). The
cut-offs we calculated for hypoalbuminemia and severe hypoalbuminemia based on the IN were 25
and 15 g/L, which were 5 g/L lower than the cut-offs recommended by KIDGO, respectively. A pair

of historical control samples (206 vs. 216) with ALB-B or ALB-1 showed that the proportion of severe
hypoalbuminemia was 14.60% greater in IN group (75.20% vs. 60.60%, P <0.001). The misdiagnosis
rate of severe hypoalbuminemia by IN was 33.77% when 20 g/L rather than 15 g/L was used as the
cut-off. Furthermore, the proportion of patients receiving albumin injections increased by 10.20%,
and the average consumption increased by 97.06% (P =0.01) along with the use of IN. So, our results
suggested that the difference between ALB-B and ALB-I led to misdiagnosis and prescription abuse in
PNS children.

Albumin is the most abundant protein in human plasma and plays a variety of physiological roles in the body'~.
Hypoalbuminemia is a necessary feature of primary nephrotic syndrome (PNS) and is caused mainly by a large
loss of albumin via the urine*. The determination of serum albumin concentration is undoubtedly highly impor-
tant for diagnosis and clinical strategies for PNS patients.

For years, laboratory medicine specialists have held heated discussions about the accuracy of albumin detec-
tion methods. Several technological innovations have been made in the detection of albumin®. At present, bro-
mocresol green (BCG) and bromocresol purple (BCP) are the albumin detection reagents installed in automated
biochemical analysers in most hospitals worldwide’. The detection principle of both methods is colorimetry and
both methods are easily interfered, especially in patients with nephrotic syndrome'®. The new immunological
assays based on antigen—antibody binding are robust, and the immunonephelometric assay (IN) is perceived
as the most likely method for accurate quantification of serum albumin in clinical application because it is the
most selective!.

Indeed, studies from the field of laboratory medicine have shown that there were numerically significant dif-
ferences between colorimetric and immunological assays on different detection platforms'*-!4. These biases were
particularly pronounced in patients with chronic kidney disease. It was reported that BCG assays overestimate
albumin concentration in hemodialysis patients with an absolute deviation of up to 10 g/L compared to that of
the immuno-turbidimetric assay'® but Maarten et al. reported that the difference is 5 g/L in dialysis patients'®.
The observation report of 19 patients with membranous nephropathy (MN) from multiple centers revealed a
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difference of 5.1-8.0 g/L between the detection of albumin measured by BCG and IN (ALB-B and ALB-I) at
different centers'’. In a study on PNSs, patients were divided into three groups according to the ALB-I, and the
ALB-B within each group were significantly higher than the values determined by IN assay, especially in the
severe hypoalbuminemia group'?. Currently, only a few papers have reported the biases, but the values of the
difference are inconsistent'>'>'”. Additionally, no relevant research was claimed in children with PNS.

It was also noted in the Kidney Disease: Improving Global Outcomes 2021 Clinical Practice Guideline
(KDIGO 2021) that different detection methods affect the serum albumin concentration'®. Most notably, KDIGO
2021 did not specify the detection method used when setting the cut-offs for diagnosis and therapy. In the
definition relating to nephrotic syndrome in children, KDIGO stated that hypoalbuminemia was defined as a
serum albumin <30 g/L. It also suggested that intravenous albumin should be considered when patients with an
albumin < 20 g/L were diuretics -resistant. Therefore, clinicians are currently using uniform cut-offs for albumin
to manage patients without considering the methods used.

The purpose of this study was to analyse the difference between albumin measured by BCG and IN (ALB-B
and ALB-I) using a set of repeated measurements. Furthermore, we extracted a set of historical control samples
with the aim to reveal the possible impacts on the overdiagnosis of severe hypoproteinaemia and the overuse of
clinical albumin preparations.

Results

We retrieved 1364 serum samples from 642 hospitalized children with NS discharged between March 2017 and
August 2021. Among the children, 591 with PNS were aged between 1 and 18 years. One serum sample was ran-
domly taken from each patient, so the total number of samples obtained was 591, of which 15 were insufficient.
Finally, 576 samples were included to repeat the detection of ALB-B and ALB-I. See Fig. 1 for further details.

The median age (IQR) of the participants who underwent repeated measurements was 4.70 (5.47) years, and
72.92% were male. A total of 46.35% of participants had mild edema, and 33.51% had severe edema. ALB-B
and ALB-I were 19.95 (11.15) g/L and 15.30 (11.05) g/L, respectively (Table 1). The Bland—Altman plot analysis
showed that the difference between ALB-B and ALB-I was statistically significant (P <0.001) with a mean of 4.68
(4.50, 4.86) g/L (see Supplementary Fig. S1 online).

The correlation between ALB-B and ALB-I was good, with a correlation coefficient of 0.98 (P <0.001). Accord-
ing to the Passing—Bablok regression equation (y=-4.41 +0.97x) established by using all included samples, when
ALB-B is 20 g/L, the corresponding ALB-Iis 14.99 g/L, approximately 15 g/L. The corresponding ALB-I was 24.69
g/L, approximately 25 g/L, when ALB-B was 30 g/L (Fig. 2). Specifically, it was more appropriate to use 15 g/L
as the cut-off for identifying severe hypoalbuminemia and 25 g/L for detecting hypoalbuminemia in children
with PNS when we used IN to detect albumin on our platform. We also used the samples with ALB-B <30 g/L to
explore the threshold for severe hypoalbuminemia and ALB-B > 20 g/L for hypoalbuminemia, and the cut-offs
obtained were consistent with that described above (see Supplementary Fig. S2 online).

In the absence of distinctions in the clinical diagnosis and treatment guidelines, we used a pair of historical
control groups to explore the impact of measuring ALB by IN on the diagnosis of severe hypoalbuminemia, the
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Figure 1. Flow chart of the participants and samples. NS is divided into primary nephrotic syndrome (PNS),
secondary nephrotic syndrome (SNS) and congenital nephrotic syndrome (CNS) according to the causes of
disease.
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N Percentage (%) or median (IQR)

Age (years) 576 | 4.70(5.47)
Male 420 | 72.92%
Weight (kg) 512 | 19.00(13.60)
Hospitalization duration (days) 576 |10.92(7.19)

Normal 116 |20.14%
Edema Mild 267 | 46.35%

Severe 193 | 33.51%
24-h urine output (ml) 568 | 1100 (884)

- 124 | 21.53%

+ 15 2.60%

2+ 70 12.15%
Urinary protein ™ > 169%

4+ 155 | 26.91%

No data* | 185 |32.12%
Simple 574 | 99.65%

Clinical type?

Nephritis | 2 0.35%

MN 6 1.04%

MCD 97 16.84%
Histopathologic diagnosis FSGS 46 7.99%

MPGN 2 0.35%

No data* | 425 |73.78%
Using diuretics 576 | 53.00%
Cr (umol/L) 526 |28(15)
CysC (mg/L) 468 |0.92(0.22)
urea (mmol/L) 553 | 3.98 (1.96)
TC (mmol/L) 574 |10.48 (4.83)
TG (mmol/L) 575 |2.71(2.03)
AIB_B (g/L) 576 |19.95(11.15)
ALB_I (g/L) 576 | 15.30 (11.05)

Table 1. Demographic, clinical and biochemical characteristics of the PNS participants (N =576). IQR
interquartile range, MN membranous nephropathy, MCD minimal change disease, FSGS focal segmental
glomerulosclerosis, MPGN membranoproliferative glomerulonephritis, Cr creatinine, CysC Cystatin

C, TC total cholesterol, TG triglyceride, AIB_B albumin by bromocresol green, ALB_I albumin by
immunonephelometric assay. *Clinical Type was divided into simple and Nephritis type according to whether
hematuria occurred; the former had no hematuria and only had proteinuria. *Tests or diagnoses were not
conducted in the study hospital.

use of human albumin injections, and medical expenses. A total of 216 cases were included in the BCG group,
and 206 were included in the IN group. The screening process was shown in Fig. 1.

As shown in Table 2, there was no statistically significant difference between the two groups in age and sex
(P>0.05). The difference in admission weight was significant between the two groups (P=0.02). We considered
the severity of disease to be comparable between the two groups, as the hospitalization duration and UV/weight
did not significantly differ (P>0.05). There was a significant difference in ALB between the BCG and IN groups
(P<0.01). The frequency distributions of ALB in the two groups were shown in Fig. 3. The proportion of patients
with severe hypoproteinaemia was greater in the IN group than in the BCG group when 20 g/L was used as the
cut-off (75.20% vs. 60.60%, P<0.01), but then, the enhancement was not significant when 15 g/L was used as
the cut-oft in the IN group (60.60% vs. 62.60%, P=0.69), for which the misdiagnosis rate reached 33.77%. The
proportion of inpatients using human albumin injections increased by 10.20% along with the use of IN (30.09%
vs 40.29%, P=0.01). Among 26 patients with ALB-I between 15 to 20 g/L, 4 (15.38%) used human albumin injec-
tions (see Supplementary Fig. S3 online). Furthermore, the average consumption per case of albumin injections
increased by 97.06% during hospitalization (0.68 £2.35 vs. 1.34+3.71, P=0.01). The average expenditure per
case of albumin injections increased by 99.33% during hospitalization (27.19 +94.38 vs. 54.20 £ 150.66, P=0.01).

Discussion

We verified the difference of serum albumin detected by BCG and IN in children with PNS and it was 4.68 g/L.
The increase in proportion of severe hypoproteinemia among historical control samples (60.60% vs. 75.20%)
revealed that the wasting of albumin via urine in the patients was overestimated in the IN group. The misdiagno-
sis rate was up to 33.77% when using 20 g/L as the cut-off compared to 15 g/L in the IN group. The proportion of
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Figure 2. Passing—Bablok regression of the serum ALB-B and ALB-1.
BCG group IN group
N N (%) or Median (IQR) N N (%) or Median (IQR) P values
Age (years) 216 5.84 (6.38) 206 4.10 (5.00) 0.06
Male 216 154 (71.30%) 206 157 (76.21%) 0.27
Weight (kg) 216 20.25 (19.00) 206 17.50 (14.00) 0.02
Hospitalization duration (days) 216 11 (7) 206 10 (7) 0.07
UV/weight (ml/kg) 216 45.04 (33.39) 206 48.86 (30.39) 0.18
Urinary Protein >3+ 211 146(69.19%) 204 132(64.71%) 0.33
Cr (umol/L) 216 28(16) 206 25(12) <0.01
CysC (mg/L) 216 0.81(0.28) 206 0.87(0.21) <0.01
urea (mmol/L) 215 4(2.36) 206 4.16(2.11) 0.45
TC (mmol/L) 194 10.06(4.04) 194 10.37(4.97) 0.88
TG (mmol/L) 193 2.48(1.85) 193 2.59(1.77) 0.93
Using Diuretics 216 (75.46%) 206 145(70.39%) 0.24
ALB (g/L)* 216 17.80 (10.80) 206 12.20 (11.70) <0.01
Hypoproteinemiab 216 178 (82.40%) 206 176 (85.40%) 0.43
Severe hypoproteinemia ALB-1<20 g/L¢ 216 131 (60.60%) 206 155 (75.20%) <0.01
ALB-I<15 g/Ld 216 - 206 129 (62.60%) 0.69¢

Cases using human albumin injections 216 65 (30.09%) 206 83 (40.29%) 0.03
ACAI/weight (g/kg) used 216 0(0.44) 206 0(1.07) 0.01
AEATI/weight (CNY/kg) used 216 0(17.38) 206 0(42.39) 0.01

Table 2. Characteristics of PNS patients and clinical impact of using old ALB-I cut-offs. UV urine volume,
Cr creatinine, CysC Cystatin C, TC total cholesterol, TG triglyceride, ACAI/weight average consumption of
albumin injections per case/weight during hospitalization, AEAI/weight average expenditure of albumin
injections per case/weight during hospitalization. *Take the earliest albumin measurement of the patient
during each hospitalization. ®Use a threshold of 30 g/L for hypoalbuminemia. *Use a threshold of 20 g/L for
severe hypoalbuminemia in the IN group. Use a threshold of 15 g/L for severe hypoalbuminemia in the IN
group. °60.60% VS. 62.60%
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Figure 3. The frequency distribution diagram of ALB in the IN and BCG groups.

patients receiving intravenous albumin injections increased by 10.20%, and the average expenditure on albumin
injection during hospitalization almost doubled in the IN group.

Previous studies have shown that the differences between albumin detection by BCG and IN were inconsistent
in adults with chronic kidney disease, and they almost ranged from 2 to 10 g/L'>"'*!”. We found that the
difference in PNS children was approximately 5 g/L, which did not conflict with the results of adult studies. The
mechanisms by which different methods lead to differences in the detection of albumin has been described in a
considerable number of papers. The nonspecific binding of a2-megaglobulin to the BCG dye was an important
reason for the overestimation of the serum albumin in patients with NS by the BCG assay. The a2-macroglobulin
concentration was positively correlated with the difference between the concentration of albumins determined
by BCG and nephelometry'. The addition of a2-macroglobulin to an equal concentration of albumin resulted
in a dose-dependent elevation in the test results of albumin by BCG for a2-macroglobulin®’.

On the other hand, only one paper has addressed the impacts of biases resulting from different albumin
measurement methods on clinical decision-making, and they focused on anticoagulant therapy for patients
with membranous nephropathy and nephrotic syndrome!”. The serum albumin was an important reference for
clinical decision-making regarding intravenous albumin therapy. The impacts of assay bias on clinical decisions
were an important issue that we hoped to understand. As mentioned above, in 2019, the clinical laboratory at our
hospital began to introduce the IN to detect albumin. At that time, the clinicians were not aware of the changes
and possible differences in the serum albumin concentration caused by different assays. We believed that the
severity of the disease in IN group was similar to that in the same period last year, as there was no significant
difference in urine volume between the two groups. It was clarified that 10% of patients might have been assigned
intravenous albumin prescriptions that needed not be involved, of which 20% have ALB-I among 15-20 g/L and
others <15 g/L. By twice the consumption, it can be inferred that clinicians’ judgments on the dosages of albumin
injections have also been affected, not just whether to use them. Nevertheless, Albumin, as a blood product, is
not only expensive but also substantially increases the filtration load of the glomerulus. It even causes damage
to glomerular epithelial cells, leading to protein overload nephropathy. In other words, excessive intravenous
albumin prescription can aggravate the progression of glomerulosclerosis in children with PNS.

We proposed that the protein consumption status of patients was underestimated when the albumin
concentration determined by the BCG method was used. We believe that the diagnostic threshold for the IN
method should be lowered. According to the conversion formula proposed in our platform, it may be more
appropriate that 25 g/L was the new cut-off for diagnosing hypoalbuminemia by IN, and accordingly, 15 g/L
was to diagnose severe hypoalbuminemia by IN. our conclusions came from the data generated by the Beckman
biochemical analysis platform in a single center. It should be noted that our conclusions were more informative
for users of the Hitachi 7600 and the Beckman Immage 800 analyzers. In fact, the BCG and immunological
methods showed substantial variations were platform-dependent, ranging from 3.2 to 4.6% and 2.6 to 5.3%,
respectively?’. Therefore, researchers should strive to promote the harmonization of the serum albumin
measurement worldwide'**'. Meanwhile, we appealed internal comparison within the platform and different
clinical centers needed to compare the BCG or BCP data with the IN method in their platforms when they used
the IN method to detect albumin.

In this study, we examined only the discrepancies of the two detection assays in PNS and did not include
patients with secondary nephrotic syndrome (SNS) and other chronic kidney diseases. The study also lacked
comparisons across multiple centers and different platforms. Further in-depth research in this field will improve
the understanding of the differences in albumin detection methods among patients with different disease states.
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The harmonization of albumin measurements and the clarification of diagnostic thresholds should be strong
directions for future research.

In summary, we analysed the differences and conversion relationships between serum ALB concentrations
detected by BCG and IN in a large number of PNS children. Using IN to detect albumin without adjusting the
diagnostic threshold will significantly lead to overestimating the severity of the wasting of albumin in patients
and excessive use of intravenous albumin injections. It is important to pay attention to the threshold differences
between albumin detection methods to reduce misdiagnosis and inappropriate clinical decisions.

Methods

Participants and samples

This study involved two parts of participants with PNS in which we conducted repeated measurements
and historical control analyses of albumin measured by BCG and IN assays. The participants for repeated
measurement analyses included 576 PNS children discharged from the hospital between March 2017 and August
2021. The sera were collected from routine laboratory test items, and the residual serum samples were stored in
the biological sample library at -80 °C. From these residual samples, we randomly selected one serum sample
for each patient. The serum samples were tested for repeated measurements of the concentration of albumin by
BCG and IN (ALB-B and ALB-I, g/L).

The set of historical control samples was obtained from children with PNS for whom the albumin
concentration was measured during hospitalization. The IN group consisted of children with PNS discharged
between September 2019 and January 2020. During this time, IN was just beginning to be implemented at this
hospital, replacing BCG, and clinicians and testing personnel were unaware of the differences between the two
measured values. Children with PNS discharged in the same month of the previous year (September 2018 to
January 2019) were adopted as controls (BCG group). The albumin concentration of children in the BCG group
was measured by BCG.

Inclusion and exclusion criteria

In both populations, all the subjects were discharged NS children aged 1-18 years from the Division of
Nephrology of a Women and Children’s Hospital. The exclusion criteria were as follows: (1) individuals with
SNS and congenital nephrotic syndrome (CNS); (2) individuals with a previous history of other acute or chronic
kidney disease, patients with abnormal ultrasound examination of the urinary system (e.g., deformities, cysts,
hydrops, or stones); (3) patients with an identified acute or chronic illness (diabetes mellitus, thyroid dysfunction,
polycystic ovary syndrome, obesity, fatty liver, or familial hypercholesterolemia); and (4) patients with other
systemic diseases, such as hematological diseases, cardiovascular diseases, connective tissue diseases, tumors,
and obvious infections. Children who were transferred to the intensive care unit during hospitalization were
excluded. The diagnostic criteria for PNS in children are proteinuria and hypoalbuminemia with or without
edema and hyperlipidemia’®. Children with serum ALB <30 g/L were considered to have hypoalbuminemia.

Instruments and methods for serum albumin

The included serum samples were used for albumin concentration detection via the use of BCG and IN on our
platform. The BCG assay was implemented on a Hitachi 7600 automatic analyser using the albumin reagent
from Maccura, Inc. The calibrator (Lot: 0422061) of BCG albumin from Maccura was traced to ERM-DA470k/
IFCC; the typical value was 47.6 g/L, and the uncertainty was 2.5 g/L (k=2). IN was implemented on Beckman
Coulter-specific protein analysers (Immage 800) using the albumin reagent from Beckman Coulter, Inc., with a
goat anti-human albumin antibody. The calibrator (Lot: PN449730) of the IN albumin measuring system from
Beckman Coulter was traced to the reference material ERM-DA470k/IFCC; the typical value was 36.1 g/L, and
the uncertainty was 0.884 g/L (k=2). The two methods were performed according to the instructions of each
manufacturer.

Demographic, clinical and biochemical information

In addition, we collected data regarding age, sex, admission weight (weight, kg), hospitalization duration, clinical
type, histopathologic diagnosis, degree of edema, urinary protein, use of diuretics 24 h before sampling, 24-h
urine volume (UV, ml), creatinine (Cr, pmol/L), Cystatin C (CysC, mg/L), urea (mmol/L), total cholesterol (TC,
mmol/L), and triglyceride (TG, mmol/L) of the repeated measurement participants with PNS.

Data collected about the historical control participants with PNS included age, sex, weight (kg), hospitalization
duration, ALB-B (g/L), ALB-I (g/L), UV/weight (ml/kg), use of human albumin injections and average
consumption and expenditure of albumin injections per case/weight during hospitalization (ACAI/weight, g/
kg; AEAI/weight, CNY/kg).

Statistics

Variables with skewed distributions were described by medians (interquartile range, IQR). Enumeration data
were expressed as incidence rates or constituent ratios. For the repeated measurement data, Wilcoxon paired rank
tests and paired chi-square tests were used to compare differences between groups. For historical control data,
Wilcoxon rank tests and chi-square tests were used to compare differences between the BCG and IN groups. The
above analyses were performed with SAS software version 9.4 (SAS Institute Inc., Cary, NC, USA). Furthermore,
we applied MedCalc Statistical Software version 20.100 (MedCalc Software Ltd, Ostend, Belgium) to perform
Spearman correlation analyses. Passing—Bablok regression analyses were conducted to show the relationship
between BCG and IN, and a Bland—Altman plot was drawn with bias calculations and 95% confidence intervals.
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The conversion relationship between the two detection values was obtained by the Passing—Bablok regression
equation. All differences were considered to be statistically significant if P was <0.05.

Ethics statement

This project was approved and the informed consent was waived by Research Ethics Committee of Guangzhou
Women and Childrens Medical Center, Guangzhou Medical University (No.: 247A01). The data was de-identified
and did not contain any personal information. The study was conducted in compliance with the Declaration of
Helsinki as well as in accordance with local guidelines and regulations.
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