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Summary
BACKGROUND: Reliable and accurate measurement of creatinine is essential for the estimation of
kidney function (eGFR) and for survival prediction with the model of the end-stage liver disease
(MELD) score. Bilirubin interference is considered an important interference of Jaffe creatinine as‐
says; the enzymatic assay is also affected but less so. This study aimed to evaluate the compara‐
bility of the Jaffe and enzymatic creatinine methods and the impact of their discrepancy on clinical
decision-making, particularly in the context of bilirubin interference.
METHODS: We compared creatinine measurements from the Roche Jaffe Gen.2 (CREJ2) and Ro‐
che Creatinine Plus ver.2 (CREP2) assays using routine heparin plasma samples (n = 15,618). To
estimate the clinical impact of bilirubin interference on these two assays, we evaluated our results
in the context of eGFR-based staging of severity of kidney disease and the MELD score.
RESULTS: The Roche Jaffe and enzymatic methods agree well for non-icteric samples with a mean
relative bias of 3.97% but not in icteric samples. In samples with 5–20 mg/dl and 20–53 mg/dl bilir‐
ubin, the biases amounted to 10.9% and 43.4%, respectively.
CONCLUSIONS: The Jaffe method’s susceptibility to bilirubin interference, in comparison to the
enzymatic assay, can result in higher MELD scores and can lead to an underestimation of kidney
function.

Introduction
Acute and chronic kidney conditions are a major threat to global health with over 850 million pa‐
tients affected [1]. Impaired kidney function is both a risk for further comorbidities and a crucial
factor for survival in critically ill patients [2]. Serum creatinine is an established and the most wide‐
ly used laboratory parameter for estimating kidney function, as it is produced at a relatively con‐
stant rate, freely filtered by the glomeruli and only minimally reabsorbed in the renal tubules [3].
Numerous formulas exist to calculate an estimated glomerular filtration rate (eGFR), a measure for
grading the severity of acute kidney injury (AKI) and chronic kidney disease (CKD), as recommen‐
ded by the Kidney Disease: Improving Global Outcomes (KDIGO) group [4]. Furthermore, the se‐
rum creatinine concentration is part of the Model for End-stage Liver Disease (MELD) score, which
is used in patients with liver cirrhosis to predict 3-month mortality risk and for prioritisation of liver
transplantation [5]. Therefore, reliable and accurate creatinine measurement methods are crucial
for clinical decision-making as these scores can meaningfully support, but not replace, interpreta‐
tion within the clinical context.
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Isotope dilution mass spectrometry was named as the reference method for creatinine de‐
termination in blood samples by different expert working groups [6]. Due to its high manual work‐
load, this method is unfeasible for routine clinical use. The two established methods, available as
fully automated high-throughput kits from various manufacturers, are based on the Jaffe reaction,
using picric acid in alkaline conditions, and the more specific enzymatic reaction, using creatini‐
nase, creatinase and sarcosine oxidase [7, 8]. Neither method, however, is exempt from interfer‐
ence. Bilirubin is considered to be one of the most relevant chromogens affecting the accuracy of
creatinine measurements by both Jaffe and enzymatic assays, with the enzymatic assay being less
affected, although some studies challenge this assumption [9–13]. The observed effects are study-
and manufacturer-dependent [9, 12]. Studies have shown that inaccuracy in creatinine measure‐
ments in patients with hyperbilirubinaemia eligible for liver transplantation may lead to misclassifi‐
cation of patients and affect liver transplant allocation which can result in a life-threatening condi‐
tion [14, 15]. There are several proposed procedures to eliminate the bilirubin interference with cre‐
atinine measurements in clinical samples, such as pretreatment of the sample with oxidising
agents like bilirubin oxidase, ultracentrifugation or dilution [16, 17]. However, these kinds of sample
pre-treatment are not suitable for daily routine practice using fully automated sample handling and
analysis, and in addition lead to increased turnaround time of sample analysis. Several Jaffe re‐
agent kit providers use the “rate blanking” method to minimise interference from bilirubin by using
the colour change of the sample in alkaline conditions, without the addition of picric acid, as a cor‐
rection factor [18]. Cystatin C, a low-molecular-weight protein that is produced at a constant rate
and undergoes glomerular filtration but neither reabsorption nor secretion in the tubules, offers an
alternative to creatine for kidney function assessment; however it is less available and more costly
[19].

We set out to assess the comparability between the Roche Jaffe method, which is currently
in use at the Institute of Clinical Chemistry of University Hospital Zurich, and the enzymatic method
in routine patient samples. To estimate the clinical impact of bilirubin interference on the two as‐
says, we applied our results to eGFR-based kidney disease staging and the MELD score.

Materials and methods

Study design
This cross-sectional analytical study included all heparin plasma samples submitted for routine
creatinine measurement over a 3-week period (4–24 February 2020), resulting in an anonymised
dataset of 15,618 samples. The dataset contains several samples from individual patients with fol‐
low-up examinations. The study was conducted under an ethics waiver granted by the Cantonal
Ethics Committee of Zurich (BASEC-Nr. Req-2024-01036). The primary outcome of the study was
the assay-specific bias between Jaffe and enzymatic creatinine measurements across increasing
levels of bilirubin. Secondary outcomes included the impact of this bias on eGFR-based chronic
kidney disease staging and MELD score calculation.

The investigation was conducted as a quality assurance project of the Institute of Clinical
Chemistry at University Hospital Zurich. The study received an ethics waiver from the cantonal
ethics committee of Zurich (Business Administration System for Ethics Committees; BASEC-Nr.
Req-2024-01036).

Instruments and reagents
Creatinine concentrations were determined in February 2020 with the Creatinine Jaffe Gen.2
(CREJ2) assay, which is routinely used at our institute and includes rate blanking, and the enzymat‐
ic Creatinine plus ver.2 (CREP2) assay, both from Roche, on a Roche Cobas 8000 c702 system.
The icteric index, haemolysis index and lipaemia index were measured on a Cobas C502 system.
Icteric and haemolysis index correspond approximately to bilirubin and haemoglobin concentra‐
tions in mg/dl, respectively. The lipaemia index corresponds to turbidity. According to the manu‐
facturer, the Jaffe assay is interfered by an icteric index >5 for conjugated bilirubin and >10 for un‐
conjugated bilirubin, while the enzymatic assay is interfered by an icteric index >15 for conjugated
bilirubin and an icteric index >20 for unconjugated bilirubin.
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Figure 1: 

Sample collection and data filtering
Over a period of three weeks, from 4 to 24 February 2020, every heparin plasma sample (n =
15,680; median patient age: 60, standard deviation: 17.8 years, male/female ratio: 57%/43%) sub‐
mitted for creatinine measurement to the Institute of Clinical Chemistry at University Hospital Zur‐
ich was included for the method comparison (figure 1). In an anonymised dataset, the creatinine
measurements, icteric index, haemolysis index, lipaemia index and eGFR were exported for statisti‐
cal analysis. Data points with missing values were excluded (n = 49). Lipaemic samples with an
index >800 (n = 0) and haemolytic samples with an index >800 (approx. 800 mg/dl haemoglobin)
(n = 13) were not included, due to interference with the Jaffe and the enzymatic assay, respective‐
ly. The remaining dataset (n = 15,618) was split into a non-icteric dataset (icteric index <5, approx.
<5 mg/dl bilirubin) (n = 15,394) and an icteric dataset (icteric index >5, approx. >5 mg/dl bilirubin)
(n = 224) for further analysis. For the eGFR calculations, patients aged <18 years were excluded (n
= 12).

Overview of data acquisition, filtering and analysis in this study.

Statistical data evaluation and visualisation
To assess the impact of discrepant creatinine concentrations obtained with the Jaffe and enzymat‐
ic method in icteric samples, we compared the concordance and discordance of eGFR across dif‐
ferent CKD severity stages [4]. eGFR was calculated according to the CKD-EPI 2009 formula [20],
which is currently used at University Hospital Zurich, and staged according to KDIGO group guide‐
lines [4]. To assess the potential influence of the discrepancies between the Jaffe and the enzy‐
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matic method on clinical decision-making in the icteric samples, we calculated the MELD formula
separately with the creatinine results from either method. The MELD score is calculated by sum‐
ming the logarithmic values of creatinine, bilirubin and International Normalised Ratio (INR) of
blood coagulation each with different weights, i.e. 9.57 × ln (creatinine) + 3.78 × ln (total bilirubin) +
11.2 × ln (INR) + 6.43 [5].

The statistical analysis was carried out with the R environment (version 4.4.0) and figures
were created with the R package ggplot2 (version 3.3.5) [21]. The linearity of the dataset was
checked with the R package lin.eval (version 0.1.2) [22]. For the Deming analysis, the mcr package
(version 1.2.2) was used with the jackknife method for estimation of the 95% confidence interval
(CI) of the slope and intercept using default settings [23]. The Pearson correlation coefficient (r)
was calculated using R Base to assess the strength of the linear relationship between the two as‐
says for non icteric samples (i.e. icteric index ≤5) and for icteric samples (i.e. icteric index >5). For
the Bland–Altman analysis, relative bias and standard deviations were calculated with R Base. In
the case of clearly visible segregation of the distribution of the relative differences between the
two methods at a certain range, mean bias and 95% CI were calculated separately for the diverg‐
ing sections.

Results

Comparative analysis of Jaffe and enzymatic creatinine tests
As outlined in figure 1, we focused on non-icteric samples to assess the agreement between Jaffe
and enzymatic methods from Roche with unproblematic samples (table S1 in the supplementary
Excel file).

The Pearson correlation across this dataset with 15,394 measurements was 0.995 with an
intercept of –1.985 µmol/l and a slope of 0.987, as determined with the Deming regression method
(figure 2A, table S2). The mean relative bias between these two methods was 3.97% (figure 2B,
table S2 in the supplementary Excel file) with an upper CI bound of 19.38% and a lower CI bound
of –11.44%. Few samples, especially at lower creatinine levels and at around 250 µmol/l creatinine,
had markedly higher creatinine concentrations when measured with the Jaffe assay. As these are
non-icteric samples, other interfering substances, such as cephalosporin-containing antibiotics,
may have caused this discrepancy between the two methods. Altogether, despite the few outliers,
the two methods showed an acceptable agreement in non-icteric samples, i.e. a mean relative bias
below 5% and a slope close to 1.
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Figure 2: Comparison of the creatinine Jaffe method to the enzymatic method. This dataset does not include samples with
known interferences, e.g. bilirubinaemia, haemolytic or lipaemic samples. A) Correlation plot with Deming regression shown as
a solid line. Dotted line represents the diagonal. B) Bland–Altman graph showing relative bias (solid line) between the two meth‐
ods. Upper and lower confidence interval bounds are shown as dashed lines.

Influence of bilirubinaemia on Jaffe and enzymatic assays
Of the total  15,680 samples, 15,618 were included in the analysis dataset, of which 224 samples
had an icteric index >5 (approximately 5 mg/dl bilirubin), which interferes with the Jaffe assay, and
only 58 samples had an icteric index >15 (approximately  15 mg/dl bilirubin), which represents the
bilirubin interference limit for the enzymatic assay (table S1). Across all measurements, this repre‐
sented 1.4% and 0.37% of all samples, respectively. The Pearson correlation across the icteric
samples was 0.961 with an intercept of 9.412 µmol/l and a slope of 1.084, as determined with the
Deming regression method (figure 3A, table S2). In comparison to the non-icteric dataset, there is
an intercept difference of 11.4 µmol/l creatinine. With increasing bilirubin concentration, the meth‐
ods showed higher discrepancies. The mean relative bias was 10.91% with an upper CI bound of
36.41% and a lower CI bound of -14.58% in samples with an icteric index ≤20 (approximately 20
mg/dl bilirubin) (figure 3B, table S2). In samples with an icteric index >20, the mean relative bias
was 43.44% with an upper CI bound of 87.50% and a lower CI bound of -0.63%. While in some
icteric samples the enzymatic method measured higher than the Jaffe method, all measurements
were higher in the Jaffe method with an icteric index ≥20. Despite the established cutoff by the
manufacturer for bilirubin being at an icteric index of 15, our cross-comparison of the two assays
revealed a noticeable segregation and increased bias at an icteric index of 20.
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Figure 3: Comparison of the Jaffe method with the enzymatic method in icteric samples (i.e. icteric index ≥5). A) Correlation
plot with Deming regression, shown as a dashed line. The dotted line represents the diagonal. The solid line represents the
Deming regression from figure 1A. B) The Bland–Altman graph showing relative bias (solid line) between the two methods. Up‐
per and lower confidence interval bounds are shown as dashed lines. To calculate the statistics, the data was segregated at an
icteric index of 20. The icteric index corresponds approximately to bilirubin concentrations in mg/dl (= 17.1 µmol/l).

Jaffe creatinine results lead to higher MELD scores in patients with hyperbilirubinaemia
At an icteric index >5 and <10 (i.e. approximately 5 and 10 mg/dl), the MELD score would be 0.403
points higher with the Jaffe assay than the enzymatic assay (figure 4, table S2). This discrepancy
was, as expected, more prominent with increasing bilirubinaemia. In samples with an icteric index
≥10 and <28 (approximately 28 mg/dl bilirubin), the mean difference would be 0.875 points, while
in samples with an icteric index ≥28, the mean difference would be 3.403 points.
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Figure 4: Bias of the creatinine part of the MELD formula shown as a Bland–Altman graph. The relative bias between the two
methods is shown as a solid line. Upper and lower confidence interval bounds are shown as dashed lines. To calculate the sta‐
tistics, the data was segregated based on visual observation at an icteric index of 10 and 27. As specified by the MELD score
[5], values above 354 µmol/l (= 4 mg/dl) were set to 4 and values below 88.5 µmol/l (= 1 mg/dl) were set to 1. The icteric index
corresponds approximately to bilirubin concentrations in mg/dl (= 17.1 µmol/l).

Jaffe creatinine results lead to worse categorisation of kidney function in patients with
hyperbilirubinaemia
Most of the calculated eGFR in the icteric samples were staged into the same group (60.37%) (fig‐
ure 5A). In 2.35% and 37.26% of the samples, kidney function would be classified into a less and
more advanced stage, respectively, of renal impairment, when measured with the Jaffe method. Of
note, more than 6% of the patients would be classified with a discordance of two categories.
Around one quarter or less of all samples with an icteric index >5 and <10 would be staged differ‐
ently when using the Jaffe or the enzymatic assay for creatinine measurements (figure 5B). In sam‐
ples with an icteric index >35 (approximately 35 mg/dl bilirubin), all patients would be assigned to
different stages.
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Figure 5: Impact of discrepant creatinine results on chronic kidney disease staging in hyperbilirubinaemia samples. eGFR was
not calculated for patients aged below 18 years (n = 12). A) eGFR staged into the different CKD groups. Icteric indices are
shown as boxplots. Vertical lines indicate the minimum and maximum values, boxes are first and third quartiles, and bold verti‐
cal lines within the box are medians. The number of samples and median icteric index are written on top. Grey boxes indicate
concordant staging, yellow boxes a discordance of one stage and orange boxes a discordance of two stages. B) Fraction of
concordant or discordant staging in relation to the icteric index. The colour code is according to panel A. The icteric index cor‐
responds approximately to bilirubin concentrations in mg/dl (= 17.1 µmol/l).

Discussion
In Switzerland, when considering the results of the external quality control provider MQ (Verein für
Medizinische Qualitätskontrolle), the majority of the institutions use a Jaffe assay, while only a mi‐
nority use an enzymatic assay for creatinine measurements [24, 25]. This trend reflects standard
global practice, where the Jaffe method is preferred for economic reasons: enzymatic creatinine
assays are more expensive than assays based on the Jaffe reaction [4]. However, Jaffe assays are
more susceptible to interference, particularly from bilirubin, whereas the enzymatic method is in‐
herently more specific. According to KDIGO group guidelines, resource limitations that may limit
access to enzymatic creatinine should not be viewed as an obstacle to implementing a GFR report‐
ing programme based on Jaffe creatinine measurements [4]. Furthermore, for the MELD score cal‐
culation, it is not specified which assay should be used to measure creatinine [5].
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As we provide creatinine results using the Jaffe assay from Roche at our institute, it was of
high interest to assess the impact of the discrepancy between Jaffe and enzymatic creatinine as‐
says on clinical decision-making. Across all non-icteric samples, the Jaffe and enzymatic assay
from Roche were comparable, with a few exceptions of highly discrepant results, probably due to
an unknown interference. In icteric samples, the relative bias was above 10%. Above an icteric in‐
dex of 20, which is above the interference threshold for both the Jaffe and enzymatic method, the
relative bias was higher than 40%, possibly as a result of overestimating creatinine with the Jaffe
assay due to rate blanking and/or underestimation of creatinine values with the enzymatic method.
As the enzymatic assay is affected by conjugated bilirubin from an index of 15 and by unconjuga‐
ted bilirubin from an index of 20, the marked divergence between the two methods observed
above an icteric index of 20 may suggest higher concentrations of unconjugated bilirubin in our
patient cohort. Our results in the context of MELD and chronic kidney disease staging show that
Jaffe leads to higher MELD scores and classification towards more advanced stages of renal im‐
pairment in more than one third of the icteric samples when compared to enzymatic creatinine
measurements. The MELD score ranges from 6 to 40, with severity often categorised in incre‐
ments of 10. The observed increases in MELD scores of 0.4 to 3.4 points when using the Jaffe
method compared to the enzymatic method might slightly affect the interpretation of liver function
at borderline scores but do not result in a change in severity class.

To date, at our institute, creatinine results affected by bilirubin interference are reported with
caution based on assay-specific data, as previously described by others [26], particularly because
creatinine values are essential for MELD score calculation. Is this aligned with good clinical prac‐
tice, and can this approach be improved by learning from our data? From an economic perspec‐
tive, the rate of icteric samples is too small to implement the enzymatic method for routine prac‐
tice, considering its good performance across a great majority of the analysed samples. In three
weeks, 1.4% of the samples had an icteric index >5, the interference limit for the Jaffe assay, and
0.37% of the samples had an icteric index >15, the interference limit for the enzymatic assay. How‐
ever, to provide reliable laboratory results for patients with hyperbilirubinaemia, cystatin C could be
measured in the few samples with an icteric index >10 for kidney function estimation and survival
prediction in end-stage liver disease. Cystatin C has the advantage over creatinine that it is inde‐
pendent of influencing factors, such as sex and muscle mass, and that hyperbilirubinaemia does
not interfere with the assay [27]. At our institute, reporting of cystatin C-based eGFR is available
[28]. While Frinkensedt et al. showed that a cystatin C-based MELD score has a similar predictive
power of survival in end-stage liver disease patients as creatinine-based MELD calculations [29],
we do not provide MELD score reporting at our laboratory. As an alternative to referring icteric
samples for cystatin C measurement, automated dilution offers a practical and cost-efficient solu‐
tion [17].

Our study has several limitations. Since it was conducted as a quality control assessment,
we did not specifically enrich for icteric samples, to evaluate the in-house impact and affected
sample size. As a result, the sample distribution is uneven across creatinine and bilirubin levels, but
it reflects sample characteristics in an everyday laboratory setting. Furthermore, it is important to
note that our results and conclusions may not be applicable to creatinine assays from other manu‐
facturers. We cannot make any statement on the real creatinine values of the assessed samples as
mass spectrometry-based determination of creatinine was out of this study’s scope. Furthermore,
we were not able to include any data on the comparability to cystatin C because of (i) lack of cys‐
tatin measurements for icteric samples and (ii) lack of patient characteristics in our anonymised
study. Because anonymisation prevented evaluation of eGFR and MELD scores in their full clinical
context, the resulting findings reflect theoretical implications rather than real patient-level clinical
outcomes. While the strength of this study is the high number of samples, an important limitation is
that we did not enrich specifically for certain subgroups such as liver transplant candidates, as
done elsewhere [30]. Finally, various substances beyond bilirubin can interfere with the Jaffe and
enzymatic assays [31] and these were not assessed in this study.

In conclusion, this dataset from a high number of patient samples demonstrates that the Ro‐
che Jaffe and enzymatic creatinine methods generally agree well in our routine laboratory setting.
For icteric samples, we observed a discrepancy that can influence kidney function estimation and
overall survival prediction in patients with end-stage liver disease.
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Appendix
The supplementary Excel file is available for download as a separate file at 
https://doi.org/ 10.57187/4707.
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