
Clinical Chemistry 72:1                                                                                                                       Article 
183–191 (2026)
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BACKGROUND: Accurate quantification of neonatal bili
rubin remains a perennial challenge. To monitor analyt
ical performance of total bilirubin measurements across 
hospitals in the Netherlands, a dedicated neonatal exter
nal quality assessment (EQA) program is in place.

METHODS: We retrospectively analyzed Dutch EQA 
data from 2013 until 2025. Each year, the 81 participat
ing laboratories received 24 pooled adult blood serum 
samples spiked with unconjugated bilirubin (range 
100–400 µmol/L or 5.85–23.40 mg/dL). Bias from 
the target value determined by the reference measure
ment procedure (RMP) and the coefficient of variation 
(CV) were established for both unfactored and factored 
measurements.

RESULTS: In total, 25 983 bilirubin measurements were 
analyzed. Three analytical principles were used on 12 
platforms from 6 manufacturers. Diazo-based methods 

exhibited the lowest median bias (+0.4% in 2024), 
alongside spectrophotometric methods (−3.8% in 2024). 
Vanadate-based methods showed a bias of +19.5% in 
2024 that was reduced to +3.0% for factored measure
ments. Substantial differences in bias were observed among 
manufacturers and platforms, with some exhibiting con
centration dependency. Comparable patterns were seen 
for CVs, which generally remained below 5%.

CONCLUSION: EQA results demonstrated temporal vari
ability in bias across all analytical principles, manufac
turers, and platforms used for neonatal bilirubin assays. 
Bias was found to vary with bilirubin concentration. 
Standardization of neonatal bilirubin assays is urgently 
needed to ensure more reliable and accurate measure
ments across different systems. Meanwhile, EQA 
programs are important in monitoring future assay ad
justments to ensure appropriate and consistent manage
ment of neonatal hyperbilirubinemia.

© Association for Diagnostics & Laboratory Medicine 2026. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/ 
licenses/by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly 
cited.

Introduction

Total serum bilirubin (TSB) is a key indicator for asses
sing the severity of jaundice and preventing potential 
complications of severe neonatal hyperbilirubinemia 
(SNH) (1). SNH poses a significant health burden. It 
is the leading cause of neonatal morbidity and mortality 
in low- and middle-income countries (2). In high- 
income countries, SNH is one of the leading causes 
for hospitalization and readmission in the first week of 
life (2). Many infants face the risk of developing acute 
bilirubin encephalopathy or kernicterus, potentially 
leading to lifelong disabilities (3). Adherence to inter
national clinical practice guidelines for the management 
of hyperbilirubinemia has shown to effectively reduce 
the incidence of SNH (4). These guidelines emphasize, 
among other issues, routine or selective screening for hy
perbilirubinemia, risk stratification, and standardized 
treatment protocols (5). In clinical practice, any TSB 
concentration obtained, regardless of the analytical 
method used, is plotted on an hour-specific nomogram 
taking gestational age and other risk factors into 
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account to support clinical decisions on treatment, es
calation of care or follow-up arrangements (6–9). 
Consequentially, management of neonates with hyper
bilirubinemia relies on the ability to accurately measure 
“neonatal” TSB concentrations, whereas this may be 
hampered by the bias of bilirubin assays (10). As a re
sult, changing the analytical principle by which the 
concentration of TSB is determined can affect the inci
dence of neonates receiving treatment (10–12). In add
ition, awareness of measurement bias in neonatal 
bilirubin has led some laboratories to apply correction 
factors, thereby minimizing the impact of bias on the 
clinical management of neonates with hyperbilirubine
mia (13).

Currently, 3 different analytical principles for TSB 
quantification are available in Dutch hospital laborator
ies: spectrophotometric, vanadate oxidase or diazo as
says, and each measurement platform has its own 
specific procedure based on one of the 3 analytical prin
ciples (14, 15). Ensuring the reliability and consistency 
of TSB quantification within and across different analyt
ical principles in laboratories remains a perennial chal
lenge (16–18). Despite the existence of certified 
reference materials and an RMP, variation of bilirubin 
assays and its associated clinical consequences remain 
(16, 19, 20). To this end, external quality assessment 
(EQA) programs, i.e., pre-designed protocols that pro
vide laboratories with a means to assess their analytical 
performance—by comparing their results against each 
other using value-assigned samples—may be beneficial 
(18). In the Netherlands, an EQA program has been 
in place for more than a decade to monitor the perform
ance of bilirubin assays for neonatal TSB concentrations, 
compared with the target values determined by the 
RMP (17).

Our objective was to assess the bias and imprecision 
of TSB measurements using results of the Dutch EQA 
program on total bilirubin concentrations within the 
neonatal range. The unique 12-year timeframe allowed 
us to visualize any improvement or decline of analytical 
performance according to measurement principle, 
manufacturer, and platform for 4 ranges of bilirubin 
concentrations relevant for neonates in the EQA 
program.

Materials and Methods

STUDY DESIGN

The data used was obtained from the EQA scheme Neonatal 
Bilirubin of the Dutch EQA Organization in Medical 
Laboratories (Stichting Kwaliteitsbewaking Medische 
Laboratoria, SKML, Nijmegen, the Netherlands) from 
2013 until 2025. The scheme consisted of 4 rounds of 
6 samples per year, with a TSB concentration between 

100 µmol/L or 5.85 mg/dL and 400 µmol/L or 
23.40 mg/dL. Unconjugated bilirubin (99%; biliru
bin, mixed isomers; Sigma-Aldrich) was added to the 
serum from healthy adult donors to create the 
bilirubin-enriched EQA samples (21). The 12 EQA 
samples were dispensed in duplicate and frozen at 
<−70°C in the dark to maintain integrity. Each survey 
thus consisted of 24 samples. These were shipped to 
participating laboratories on dry ice, stored at 
≤−70°C, and predefined samples were measured se
quentially every 2 weeks. Regarding calibration proce
dures, laboratories could adopt their own approaches, 
which might differ from the manufacturer’s recom
mendations. Mean target values for bilirubin concen
tration were established in a reference laboratory 
using Klauke’s candidate reference measurement pro
cedure (RMP) (22). This procedure remained consist
ent over the 12-year timeframe.

CALCULATIONS AND DATA ANALYSIS

The primary objective was to evaluate the percentage of 
bias of the bilirubin assays. Bias was defined as the dif
ference between the laboratory result and the result of 
the RMP, and expressed as a percentage. A positive per
centage reflected overestimation and a negative percent
age reflected underestimation as compared to the RMP. 
The bias was assessed and categorized according to (i) 
analytical principle (diazo, vanadate, and spectropho
tometry), (ii) manufacturer (Abbott, Beckman 
Coulter, Roche, Siemens, Leica, and Radiometer), (iii) 
platform, i.e., type of analyzer of the same manufacturer 
(e.g., for Abbott: Alinity c, Architect c16000, Architect 
c4000, and Architect c8000), and (iv) different TSB 
concentrations. The first 3 analyses on analytical prin
ciple, manufacturer, and platform incorporated the evo
lution of the bias throughout the 12-year timeframe, 
except for Leica that was only listed in the EQA scheme 
until 2023. To detect concentration-dependent bias and 
imprecision the most recent EQA data (2024) were 
used. Analysis was performed in 100 µmol/L 
(5.85 mg/dL) intervals: 100–200, 200–300, and 300– 
400 µmol/L (5.85–11.7, 11.7–17.5, 17.5–23.4 mg/ 
dL). For details on imprecision calculation, expressed 
as the coefficient of variation (CV), see Supplemental 
Appendix A.

We decided to include EQA samples with a biliru
bin concentration ≤400 μmol/L in this study, due to 
concerns about the commutability of EQA materials 
with higher concentrations, based on the results of a 
preliminary experiment. Since criteria for analytical 
performance specification (APS) based on the Milan 
Model 1—outcome studies—or Model 2—biological 
variation—were not available for neonatal bilirubin, 
the maximum allowable bias was set at 5%, as 
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determined from expert opinion by the Dutch 
Foundation for Quality Assessment in Medical 
Laboratories (SKML) (23). To correct for biases, 
some laboratories implement a correction factor in 
their analysis. Correction factors are typically estab
lished by the end users by measuring reference materi
als or are based on inter- or intralaboratory patient 
comparisons with neonatal material. The submitted 
data were transformed to the unfactored raw data by 
using these factors. This allowed to compare the unfac
tored results to the target values to obtain the actual un
factored bias as well as the bias for factored bilirubin 
measurements that were present on the systems.

Extreme outliers resulting from erroneous entry 
were removed when the unfactored bias exceeded 
9 times the interquartile range (IQR) of results from 
the same manufacturer measuring the same sample 
on the same platform. Since normal distribution of 
the data could not be assumed, statistical significance 
between groups was emulated using Kruskal–Wallis 
tests. In the case of significant differences, the pairwise 
Wilcoxon-rank test using the Bonferroni correction 
was executed for post hoc comparison between each 
potential grouping pair.

Results

Across the Netherlands, 81 laboratories participated in 
the EQA program using 182 analyzers. The choice of 
manufacturer and platform used by the participating la
boratories varied during the 12-year timeframe, resulting 
in different numbers of participants for a given method 
per year. Of the 33 716 results present in the database, 
26 754 met the predefined bilirubin concentration 
criterion of ≤400 μM; 69 (0.3%) were excluded as tech
nical outliers. In addition, analyzers that were identified 
as “other” were excluded from analysis (n = 702), result
ing in a total of 25 983 paired bilirubin measurements of 
the participating laboratory and the target value as deter
mined by the RMP.

COMPARISON OF BIAS BETWEEN DIAZO, VANADATE, AND 

SPECTROPHOTOMETRY ASSAYS

During the 12-year timeframe, the assay based on the 
diazo principle was most commonly used in the partici
pating laboratories, present in approximately 74% of la
boratories (Supplemental Table 1). Figure 1 visualizes 
bias per measurement principle during the 12-year 

Fig. 1. Relative bias of TSB per analytical principle per year. The dotted line represents the maximum al
lowable bias set at 5%, as determined from expert opinion by the SKML. The central line in the box plot 
indicates the median, the box spans the IQR, and the whiskers extend to the most extreme datapoints 
within 1.5 IQR from the box; points outside this range represent outliers. Color figure available at 
clinchem.org.
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time frame for the unfactored bilirubin measurements, 
respectively. The unfactored median bias decreased 
over time for the diazo assays, from +5.6% in 2013 to 
+0.4% in 2024. The median bias of spectrophotometry 
assays was positive (+4.2%) in 2013, and lowered con
sistently throughout the study period, stabilizing around 
−4% for the past 8 years. The vanadate measurement 
principle exhibited a small bias in 2013 (+1.9%), fluctu
ated around +5% between 2014 and 2021 and increased 
to between +15.0% and +19.5% in the past 3 years. In 
comparison to the unfactored data presented previously, 
the median bias of factored data observed among the 
measurement principles was lower. This was particularly 
observed for vanadate methods, with median biases ran
ging from +15.0% to +19.5% before factoring, and from 
+2.2% to +3.0% after factoring (2022–2024), and, to a 
lesser extent, for diazo and spectrophotometric methods 
(see Supplemental Tables 1A and 1B for unfactored and 
factored data, respectively).

COMPARISON BETWEEN ASSAYS FROM DIFFERENT 

MANUFACTURERS: ABBOTT, BECKMAN COULTER, ROCHE, 
LEICA, RADIOMETER, AND SIEMENS

Figure 2 and Supplemental Table 2A show the relative bias 
of unfactored TSB measurements by manufacturer and by 
year and Supplemental Table 2B shows corresponding fac
tored data. For the diazo principle, Abbott and Beckman 
Coulter have had a more consistent performance with one 
another than with Roche. While Roche initially experienced 
a positive bias around +5.3% to +8.3% between 2013 and 
2015, a change was observed around 2016 (+2.0%), and 
bias was again rather consistent from 2017 onward, ranging 
from −3.1% to +0.4%. Conversely, Beckman Coulter 
trended toward increasing positive bias in the later years 
(+0.2% in 2017 to +7.1% in 2024), with biases ranging 
around +6% before 2017. Abbott followed a similar pattern 
to Beckman in earlier years, but showed a decrease 
in bias from +8.4% in 2022 to −2.2% in 2024. The 2 man
ufacturers providing spectrophotometry-based-systems, 

Fig. 2. Relative bias of TSB per manufacturer per year. The dotted line represents the maximum allowable 
bias set at 5%, as determined from expert opinion by the SKML. The central line in the box plot indicates 
the median, the box spans the IQR, and the whiskers extend to the most extreme datapoints within 1.5 
IQR from the box; points outside this range represent outliers. Color figure available at clinchem.org.
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Leica and Radiometer, have differed consistently from 
one another in terms of bias throughout the study period 
(P values below 0.0001 between 2013 and 2020). The posi
tive bias in Leica systems was high and more pronounced in 
the first study period, i.e., ranging from +9.5% to +16.1% 
between 2013 and 2016, respectively. In 2017, their bias 
was +3.3%, but increased to +7.7% in 2020. The perform
ance of Leica systems in 2021 and 2022 was identical 
(−3.3%). In the final year of available Leica data, results 
were comparable to those of Radiometer. Radiometer ex
perienced a moderate bias between 2013 and 2016 
(+2.1% to −0.3%), and performed consistently around a 
bias of −3.5% onward. The unfactored median bias for 
Siemens, ranged from +1.9% in 2013 to +5.4% in 2021, 
and increased for the timespan 2022–2024, as mentioned 
before for the vanadate principle.

COMPARISON BETWEEN PLATFORMS AND CONCENTRATION 

LEVELS

During the study period, assays were performed on 4 
different Abbott platforms (Alinity c, Architect c16000, 
Architect c4000, and Architect c8000), 2 Beckman 

Coulter platforms (AU 5800 and AU 700), 3 Roche plat
forms (cobas c501/c502, cobas c503/c303, and cobas 
c702), 2 Siemens platforms (Advia and Atellica CH), 
and one Radiometer platform (ABL90). Figure 3 and 
Supplemental Table 3A show the relative bias of unfac
tored TSB measurements for 3 bilirubin concentration 
groups for the different analyzers of the manufacturers in 
2024 and Supplemental Table 3B shows corresponding 
factored data. Of the diazo-based assays, the 4 different 
Abbott platforms did not significantly differ from one an
other (P = 0.10). The same results were found for 
Beckman Coulter (P = 0.066). Conversely, significant dif
ferences in bias were found between the 3 Roche platforms 
(P < 0.0001). The vanadate-based Siemens Advia and 
Atellica platforms displayed similar bias (P = 0.18). 
Significant differences were found in bias across different 
bilirubin concentration groups for all manufacturers ex
cept for Radiometer (P = 0.16). The concentration de
pendency of the bias resulted in a negative bias at higher 
concentrations for Abbott, Beckman Coulter, and 
Siemens (P <0.0001, 0.040, and 0.028, respectively). In 
contrast to Beckman Coulter and Siemens, Abbott systems 
experienced significantly different bias among each of the 

Fig. 3. Relative bias of TSB measurements for 3 bilirubin concentration groups for different analyzers 
from each manufacturer in 2024. The dotted line represents the maximum allowable bias set at 5%, as 
determined from expert opinion by the SKML. The central line in the box plot indicates the median, 
the box spans the IQR, and the whiskers extend to the most extreme datapoints within 1.5 IQR from 
the box; points outside this range represent outliers. Color figure available at clinchem.org.
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bilirubin concentration groups (highest P value of 0.008 
between 100–200 µmol/L and 200–300 µmol/L). On 
the other hand, Roche platforms experienced higher bias 
at higher concentrations (P < 0.0001). The significance 
was more pronounced compared to 300–400 µmol/L 
(P < 0.0001), whereas the lowest level, 100–200 µmol/L, 
did not reach significance when compared with 200– 
300 µmol/L (P = 0.14). As only the Roche platforms 
demonstrated statistically significant differences among 
platforms and across concentration levels, the interaction 
between these factors was further evaluated. The 
concentration-dependent bias of the c501, c502 systems 
exhibited a different pattern from the c503, c303, and 
c702 systems. The c501, c502 system had a statistically sig
nificant difference in bias between the 2 highest concentra
tion groups (P = 0.004). As the bilirubin concentration 
increased, the negative bias of the C503 and C303 systems 
decreased, while the positive bias of the C702 system be
came more pronounced at higher bilirubin levels.

CONCENTRATION-DEPENDENT IMPRECISION

Figure 4 and Supplemental Tables 4A and 4B show data 
on the long-term imprecision of EQA samples. The 
principle of spectrophotometry had a significantly lower 

long-term imprecision as opposed to diazo and vanadate 
(1.23% vs 1.97% and 1.7%, respectively; P <0.0001). 
However, the different platforms within diazo had dif
ferent magnitudes of imprecision, with Roche being 
lowest (1.8%), followed by Beckman Coulter (3.28%) 
and Abbott (5.24%). See Supplemental Appendix B
for further details.

Supplemental Table 5 provides a full overview of 
the bias and imprecision per year, principle, manufactur
er, platform, and concentration range.

Discussion

The primary objective of this study was to evaluate the 
analytical performance of various platforms and manu
facturers in measuring TSB concentrations using the 
measurement system as instructed by the IVD manufac
turer. Our analysis of the past 12 years of neonatal 
EQA data found substantial and statistically significant 
differences in performance at different TSB concentra
tions over the years, highlighting disparities between 
measurement principles and differences in performance 
between manufacturers and platforms. We found a de
crease in bias of bilirubin assays based on diazo and 

Fig. 4. Imprecision of TSB assays. The dotted line represents a CV. The central line in the box plot indi
cates the median, the box spans the IQR, and the whiskers extend to the most extreme datapoints within 
1.5 IQR from the box; points outside this range represent outliers. Color figure available at clinchem.org.
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spectrophotometry over time, whereas the bias of 
vanadate-based assays increased over time, resulting in 
a median bias of +19.5% in 2024. However, application 
of a correction factor reduced the median bias of biliru
bin measurements by the vanadate method to +3%, i.e., 
within the arbitrarily set maximum allowable bias of 5%.

Although, on average, the diazo principle performed 
adequately in terms of bias, there was substantial devi
ation between the manufacturers (Abbott, Beckman 
Coulter, and Roche) using this analytical principle with 
these assays over time, and even among platforms from 
the same manufacturer. Moreover, we noted that across 
analytical principles some bilirubin assays had a 
concentration-dependent bias, which was substantial for 
Abbott, Beckman Coulter, and Siemens. The conse
quence of these long-term drifts is that, in 2024, bilirubin 
results from different platforms cannot be interpreted 
interchangeably. Moreover, the long-term imprecision 
observed on these platforms often exceeded desirable lim
its. Taken together, these findings highlight the need to 
further improve analytical quality and to enforce stricter 
monitoring of bilirubin analytical quality control using 
performance specifications to ensure safe and timely man
agement of neonates with hyperbilirubinemia.

Our findings align with previous data on the in
accuracy of bilirubin assays that have been reported as 
early as in 1960 and occur worldwide (24). This has 
been previously been commented on by Doumas and 
Eckfeldt, who highlighted that errors in total bilirubin 
measurements are a perennial problem (25). This was re
confirmed in 2009 by the Dutch Foundation for 
Quality Assessment in Medical Laboratory Diagnostics 
(18). The interlaboratory variability and inaccuracy of 
bilirubin levels observed among manufacturers remained 
substantial in 2019 and 2020, despite restandardization 
performed by some manufacturers who lowered the as
signed values of their bilirubin calibrators by up to 
18% (14, 18). The significant variability observed 
among bilirubin assays in France led the authors to pro
pose the use of a correction factor based on the average 
bilirubin values obtained from a standardized bilirubin 
sample, with an acceptability limit set at 10% for values 
exceeding 150 µmol/L (13). In the Royal College of 
Pathologists of Australasia Quality Assurance Programs 
(RCPAQAP), human serum was supplemented with un
conjugated and conjugated (ditaurobilirubin) bilirubin 
to achieve total bilirubin concentrations between 80 
and 320 μmol/L (10). Biases within and between biliru
bin measurement principles, relative to the Beckman 
Coulter AU 5200, were substantial for both spiked 
and patient samples. Interestingly, the median biases ob
served in patient samples did not align with those seen in 
the quality control samples, suggesting noncommutabil
ity of the RCPAQAP material, despite it being spiked 
human serum (10). In our study, commutability of 

EQA samples has not been verified. Currently, adult ma
trix is used for the EQA program in which the diagnostic 
performance across different laboratories for neonatal 
bilirubin is assessed. The composition of neonatal plas
ma, including its bilirubin binding and processing char
acteristics, differs from that of adult plasma, potentially 
affecting the analytical performance of bilirubin assays. 
Recently, it was demonstrated that bias in patient sam
ples between Roche diazo and Siemens vanadate was dif
ferent for neonates and adults (19). It is therefore not 
unthinkable that this matrix effect also plays a role in 
the EQA samples. However, commutability of the study 
materials was assumed to be adequate, based on a pre
liminary experiment in which other batches of EQA ser
um materials, produced using an identical process, were 
shown to be commutable with patient samples for neo
natal bilirubin concentrations up to 400 µmol/L. This 
work was not repeated for all materials included in the 
present study, for costs reasons and also because materi
als of the present study were produced the same way as 
the other materials (26). We assessed analytical perform
ance of bilirubin assays per IVD instructions. To sup
port this, we have presented the unfactored data 
spanning a 12-year period. While factored data offers in
sight into real-time decisions made by laboratories and 
the necessity they feel to correct the results for clinical 
practice, it was not the primary focus in our study. 
Although the use of correction factors should be discour
aged, end-user performance improved when they were 
implemented. As such, biased unfactored results of bili
rubin quantification are largely prevented from reaching 
the patient. The correction factors are registered by the 
EQA participant when submitting the EQA results to 
the SKML database. These factors are established (based 
on data from a Dutch survey in 2021) either through 
method comparison, by correcting the bias relative to 
the reference method, or through a combination of 
both. It is important to note that data on factor use 
are uncertain, relying on the assumption that all labora
tories accurately reported their application. We acknow
ledge several other limitations of our study. We were not 
able to study the effect of calibration adjustments or 
changes in the reference standard applied by the manu
facturers, because SKML lacks information on the appli
cation of such changes by the manufacturers. Moreover, 
the implementation of such lot-dependent changes was 
not synchronized between laboratories using the same 
method, and SKML did not require participants to share 
calibrator lot numbers, making it impossible to precisely 
evaluate the effect of changes in the metrological trace
ability by manufacturers. Finally, the overall impact on 
clinical decision-making for neonatal hyperbilirubinemia, 
using the Dutch TSB-based treatment thresholds, was 
not analyzed. Unfortunately, data on phototherapy inci
dence in all Dutch hospitals are not reliably recorded. 
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However, a recent Dutch single-center study clearly de
monstrated the effect of different analytical principles 
on the incidence of phototherapy (19).

The strengths of our study lie in several key aspects, in
cluding the extensive study period, which provided valuable 
nationwide data, and the large number of participating la
boratories, ensuring a broad representation of method prin
ciples and manufacturers. Our approach allowed a detailed 
evaluation of analytical performance trends as well as the ef
fects of using a correction factor used to mitigate the nega
tive effects of bias on the validity of clinical decisions. 
Additionally, we focused on bilirubin concentrations that 
are specifically relevant to management of neonatal hyperbi
lirubinemia. The target values for the bilirubin reference 
samples were assigned using a candidate RMP (Klauke’s 
method) that provides results equivalent to those of the 
JCTML-listed Doumas RMP, ensuring the reliability and 
accuracy of the measurements (22). These strengths collect
ively contribute to the robustness of our findings, which 
highlight the critical need for optimal selectivity and imple
mentation of the metrological traceability chain (19). This 
process is essential to reduce variability and improve the 
consistency of bilirubin measurements, ultimately leading 
to uniform treatment in the management of neonatal hy
perbilirubinemia. This has recently been endorsed by the 
International Federation of Clinical Chemistry with the es
tablishment of the International Working Group on 
Neonatal Bilirubin (27).

Future research should focus on exploring the dif
ferences between adult and neonatal matrices when pre
paring commutable samples for an EQA program. 
Developing and validating EQA samples that more 
closely reflect the neonatal matrix may improve the rele
vance and accuracy of quality control programs, ensur
ing that laboratory results are better aligned with 
clinical needs in neonatal care. To this end, collabor
ation with manufacturers, laboratories, and clinicians, 
such as in the IFCC Working Group on Neonatal 
Bilirubin, is instrumental (28). Moreover, the results 
of this paper illustrate the potential role for EQA as an 
aid in post-marketing surveillance for manufacturers, 
provided samples are value-assigned with a RMP and 
commutable. Given the application of neonatal biliru
bin in clinical decision-making, the apparent difficulty 
that manufacturers experience in optimizing their assay 
performance calls for a framework to set relevant per
formance specifications. Currently, there is no widely ac
cepted APS for neonatal bilirubin. The 5% maximum 
allowable bias in the current study was based on expert 
opinion by the Dutch Foundation for Quality 
Assessment in Medical Laboratories (SKML), and is 
relatively arbitrary. Hence, there is a great need for 
APS for neonatal bilirubin. Once established, these 
APS could be integrated into the quality assurance sys
tems of IVD manufacturers, EQA providers, and 

laboratories to ensure the delivery of products, services, 
and measurement results that support accurate and 
safe clinical decision-making (29).

Conclusions

This analysis of a 12-year national EQA program on bili
rubin assays underscores ongoing challenges in achieving 
assay standardization. EQA results revealed temporal 
changes in bias across all neonatal bilirubin assay princi
ples, manufacturers, and platforms, with bias being 
concentration-dependent for most. Observed bias fre
quently exceeded our predetermined threshold for max
imum allowable bias, with particularly high bias 
persisting in the vanadate-based methodology. Use of cor
rection factors mitigated bias. Pending international stand
ardization, EQA programs—preferably using commutable 
samples with value-assigned bilirubin concentrations rele
vant to neonates—play a key role in monitoring future 
bilirubin assay adjustments to support consistent and ap
propriate management of neonatal hyperbilirubinemia.
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