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ABSTRACT

Point of care testing makes it possible to obtain results in an extremely short time. Recently, radiom-
eter has expanded the panel of tests available on its ABL90 FLEX PLUS blood gas analyzer (ABL90) by
adding urea and creatinine. The aim of this study was to verify the performance of these new parame-
ters. This included assessment of imprecision, linearity, accuracy by comparison with central laboratory
standard assays and interferences. In addition, clinical utility in a dialysis center was evaluated. Within-
lab coefficients of variation were close to 2%. The mean and limits of agreement (mean + 1.96 SD) of
the difference between ABL90 and Roche enzymatic assays on cobas 8000 were 0.5 (from —1.4 to 2.3)
mmol/L and —0.9 (from —19.5 to 17.8) umol/L for urea and creatinine, respectively. The ABL90 enzym-
atic urea and creatinine assays met the acceptance criteria based on biological variation for impreci-
sion and showed good agreement with central laboratory. The two assays were unaffected by
hematocrit variation between 20 and 70%, hemolysis and icterus interferences. It should be noted that
the relationship between lab methods and ABL90 was conserved even for high pre-dialysis values
allowing easy access to dialysis adequacy parameters (Kt/V) and muscle mass evaluation (creatinine
index). Rapid measurement of creatinine and urea using whole blood specimens on ABL90 appears as
a fast and convenient method. Analytical performances were in accordance with our expectations

without any significant interferences by hemolysis or icterus.

Introduction

Blood gas analyzers are routinely used as point of care test-
ing (POCT) for rapid decision making in clinical depart-
ments with the advantages of low volume of whole blood
and short delay of results in real time [1,2]. In the last few
years, many parameters beyond blood gas analysis have
been implemented including creatinine as a biomarker of
renal function [3,4]. POCT for kidney function is an attract-
ive method to make immediate decision in emergency unit,
imaging department or ambulatory care [5-8]. However,
discrepancies with the central laboratory have been reported
and adoption in clinical practice has therefore been limited
[9,10]. The ABL90 FLEX PLUS blood gas analyzer (ABL90)
(Radiometer Medical ApS, Copenhagen, Denmark) is an
easy-to-use, portable (<12kg) and compact
(250 x 290 x 472 mm) cartridge-type analyzer that measures
blood gas, electrolytes, metabolites and co-oximetry in hep-
arinized whole blood. Since then, CE-marked point-of-care
tests for creatinine and urea have been added to the ABL90
blood gas analyzer’s test menu.

The aim of this study was to verify the performance of
the new parameters urea and creatinine on the ABL90. We
assessed imprecision, linearity, comparison of the ABL90 to
a laboratory standard and interferences. In addition, ABL90

was evaluated in a dialysis center with a specific interest to
dialysis adequacy measurement.

Materials and methods
Study design

Analytical evaluation of urea and creatinine on the ABL90
was performed in the central laboratory. Whole blood hep-
arinized samples were randomly selected from those rou-
tinely collected in our Biochemistry Department of
Lapeyronie  University =~ Hospita, CHU  Montpellier
(Montpellier, France). When manipulation of samples was
necessary, the sample was then mixed for a minimum of 5h
to establish equilibrium between red bloods cells and plasma
[11]. This study was approved by the Institutional Review
Board of the Montpellier University Hospital (number
2018_IRB_MTP_12-13).

Methods

Urea on the ABL90 is measured potentiometrically using an
ammonium ion-selective electrode after hydrolyzation cata-
lyzed by the urease enzyme [12]. Creatinine on the ABL90



is determined by an isotope dilution mass spectrometry
(IDMS)-traceable enzymatic method based on the ampero-
metric measurement of oxygen [3,13,14]. During the study,
one lot of sensor cassettes (no. 80) and two lots of pack sol-
utions (BCO1 and BDO01) were used.

In the central laboratory, routine measurements of both
parameters are performed on c701/cobas 8000 analyzer
(Roche Diagnostics GmbH, Mannheim, Germany). The first
steps of the reaction scheme on cobas 8000 involve the
same enzymes, namely urease and creatininase/creatinase/
sarcosine oxidase for urea and creatinine determination,
respectively. However, the detection principle of the final
product is different. On cobas 8000, the ammonium product
is detected by spectrophotometry for urea and the detection
of hydrogen peroxide produced is by colorimetry
for creatinine.

In addition, an ultra-performance liquid chromatography
tandem mass spectrometry (UPLC/MS/MS) method is used
as a reference creatinine assay, according to manufacturer
recommendations in order to analyze interferences. For
sample preparation, plasma is treated with 0.5mM perfluor-
oheptanoic acid containing the internal standard (creatin-
ine-N-methyl-d3). After protein precipitation, supernatant is
injected for LC-MS/MS analysis (UPLC Acquity coupled to
a XevoTQD, Waters Corporation, Milford, MA). Creatinine
ionization is performed using positive electrospray ioniza-
tion of [M + H]" and the XevoTQD monitored the follow-
ing transitions: m/z 114 to m/z 44 and m/z 114 to m/z 86
for creatinine quantification and qualification, respectively,
and m/z 117 to m/z 47 for creatinine-N-methyl-d3.

Imprecision and linearity

Imprecision was assessed using the Clinical and Laboratory
Standards Institute (CLSI) EP15-A3 protocol (one run per
day, five replicates per run for five days, n=25 replicates
per sample) [15] by repeat analysis of four levels of radiom-
eter aqueous quality control samples (Qualicheck) and using
patients duplicates (n=55). Controls range from 5 to
40 mmol/L for urea and from 180 to 730 umol/L for creatin-
ine. Further dilutions of these quality controls were made to
obtain lower ranges of values and run according to the
same protocol. Linearity was evaluated following the CLSI
EP6-A protocol [16] by successive dilutions of patient blood
samples at a high creatinine/urea concentration (20 mmol/L
and 620 pmol/L for urea and creatinine, respectively) at the
following theoretical concentrations of 100%, 90%, 80%,
70%, 60%, 50%, 40%, 30%, 20%, and 10% of the initial con-
centration and analyzed in duplicate.

Comparison studies

ABL90 results were compared with those obtained in the
central laboratory using the Roche assays on c¢701/cobas
8000 analyzer. Excess whole blood samples were selected
and assessed on both ABL90 and, after centrifugation, on
cobas 8000 during a minimum of five days to include day-
to-day variation. The Chronic Kidney Disease Epidemiology

Collaboration (CKD-EPI) formula was used to calculate the
estimated glomerular filtration rate (eGFR) (or residual
renal function) [17]. In addition, urea and creatinine were
determined in pre- and post-dialysis samples of 51 hemodi-
alysis (HD) patients (15 women, 36 men, median age was
74.4 years) during the mid-week session. Dialysis adequacy
was estimated by calculation of Daugirdas single pool equa-
tion (sp Kt/V urea) as follows: sp Kt/V=-Ln ([ureapost]/
[ureapre]) -  0.008 x tHD+((4 - 3.5 [ureapost]/
[ureapre]) - (BWpre — BWpost)/BWpost)) where sp is the
single pool, pre and post correspond to the pre- and post-
treatment conditions, respectively, tHD is the time on dialy-
sis in hours, [urea] is the urea concentration in mmol/L and
BW is the body weight in kg [18]. Lean body mass was
assessed using creatinine index [19] as follows: CI (mg/kg/
day)=16.2141.12 x [1 if male; 0 if female] - 0.06 x age
(years) — 0.08 x sp Kt/V urea + 0.009 X creatinine pre HD
(umol/L).

Interferences

Susceptibility of the measurement procedure was tested for
hematocrit, hemolysis and icterus. The impact of hematocrit
was performed using heparinized whole blood pools repre-
senting three different levels of analytes (2.7, 6 and
14.6 mmol/L for urea; 59, 75 and 508 pmol/L for creatinine)
and five different levels of hematocrit. Heparinized blood
tubes were centrifuged to separate red blood cells and
plasma. Red blood cells were then added back to plasma to
obtain hematocrit values approximating 20%, 40%, 50%,
60% and 70% [14]. Urea and creatinine concentrations were
measured in the plasma and whole blood samples. For hem-
olysis testing, an hemolysate was prepared according to the
protocol CLSI EP7-A2 using the osmotic shock procedure
[20]. Heparinized whole blood pools representing two differ-
ent levels of analytes (5 and 15.5mmol/L for urea; 46 and
142 umol/L for creatinine) were prepared and split in equal
volumes. Increasing amounts of hemoglobin titrated hemo-
lysate were added under a constant total volume into tubes
of 1mL with compensation by addition of NaCl 0.9% as
previously described [21]. The hemolysis index was deter-
mined on c701/cobas 8000 analyzer after measurement on
ABL90 and centrifugation. The percentage difference
between the ‘manipulated’ sample (M) and the control sam-
ple (C) was calculated for each condition using the equation
[(M - O)/C] x 100.

The potential interference by bilirubin was evaluated
using patient specimens according to CLSI EP07-A2 [20].
For this purpose, anonymized icteric whole blood samples
were analyzed by two different methods (ABL90 and Roche
Cobas 8000). The relationship between the two measure-
ment procedures (systematic bias) was determined from
analysis of control (non icteric) whole blood samples. The
icterus index was determined on c701/cobas 8000 analyzer
after measurement on ABL90 and centrifugation. To better
characterize the bilirubin interference on creatinine meas-
urement, samples were assessed by a UPLC/MS/MS method
as a third measurement procedure.



Table 1. Mean values, repeatability (CVg) and within-lab (CV\y,) coefficient of
variation for the four levels of radiometer aqueous quality control samples
and the two diluted aqueous quality control samples.

Urea (mmol/L) Creatinine (umol/L)

Control S7640, lot 3

Mean 4.9 182

CVR, % 0.6 1.1

Vi, % 14 19
Control S7630, lot 3

Mean 14.4 416

CVr % 0.6 13

VW, % 0.8 13
Control S7650, lot 3

Mean 30.5 573

CVr % 0.7 0.7

WV, % 19 15
Control 57660, lot 4

Mean 40.1 721

Vg, % 0.9 0.6

VL, % 1.7 1.9
Diluted control 1

Mean 1.1 41

CVR, % 5.9 1.1

CVwL % 6.2 1.5
Diluted control 2

Mean 25 79

CVR, % 1.0 1.8

CVwL % 1.1 2.1

Statistical analysis

A one-way analysis of variance (ANOVA) was performed
for each aqueous control concentration to estimate repeat-
ability (%CVg) and within-lab imprecision (%CVyy) after
carrying out Grubbs’ test to detect potential outliers.
Imprecision on whole blood samples was assessed by calcu-
lating standard deviation (SD) of the duplicates of each
measurement (paired data) [13]. For linearity, comparison
between expected and obtained values was made by linear
regression analysis. The Passing-Bablok regression analysis
was performed to compare data from the different methods.
In addition, the scatter of differences was visualized accord-
ing to the Bland-Altman representation. The agreement at
the five CKD diagnostic thresholds was calculated with the
Kappa statistics. Comparison of sp Kt/V and CI derived
from ABL90 or Roche measurement was made by paired
Student’s t-test. To evaluate interferences from hematocrit
or hemolysis, the percent change was compared to predeter-
mined criteria which are the acceptable change limit (ACL)
[22] and the reference change value (RCV) [23] using a 1.65
factor for the unidirectional (increase or decrease) probabil-
ity of change fixed at 95%. The ACL was calculated using
the formula ACL = 1.65x(2)"?xCVa, where CVa is the
analytical imprecision. The CVa was calculated from radi-
ometer internal quality control embedded in the ABL 90
solutions pack. The RCV was calculated using the formula
based on both imprecision and biological variation RCV =
1.65%(2)?x(CVa’4+CVw?)"2, where CVw is the median
within-subject variation found in the European Federation
of Clinical Chemistry and Laboratory Medicine (EFLM)
Biological Variation Database [24,25]. The within-subject
biological variation estimates (CVw [95% CI]) are 13.9
[9.5-14.4] % and 4.5 [4.3-5.7] % for urea and creatinine,
respectively [24]. Results of bilirubin interference were inter-
preted by plotting bias versus potential interferent using

linear regression analysis. Comparison of the bias between
control and test group was performed by the
Mann-Whitney test. Statistical analysis was carried out with
the XLSTAT® software for Windows, version 2016.06.35661
(New York, NY) and the statistical significance was set
at p<<.05.

Results
Imprecision and linearity

Repeatability and within-laboratory CVs were below 2%,
except for urea in the diluted control at the value of
1.1 mmol/L (Table 1). Whole blood imprecision results
(n=55) showed paired SD of 0.2mmol/L (result range
2.7-37.6mmol/L) for urea and 4 pmol/L (result range
12-1039) for creatinine. Regression equations for linearity
on the ABL90 were y=1.000x - 135, r*=0.982 and
y=0.997x - 14.5, *=0.997, for urea and creatinine, respect-
ively. Recoveries for the different dilutions ranged from 73%
to 93% and 91% to 98%, for urea and creatinine,
respectively.

Comparison studies

For the comparison study, we analyzed excess whole blood
from 102 patients (median age 67 years; 41 women and 61
men) that were selected to cover the analytical range of
2-40 mmol/L for urea (Figure 1) and 10-1000 pumol/L for
creatinine (Figure 2). The mean and limits of agreement
(mean+1.96 SD) of the difference according to
Bland-Altman’s study between ABL90 and Roche were 0.5
(from —1.4 to 2.3) mmol/L for urea and —0.9 (from —19.5
to 17.8) umol/L for creatinine. The mean and limits of
agreement of the bias between eGFR (or residual function)
based on ABL90 and Roche creatinine were 1.2 (from —5.3
to 7.7) mL/min/1.73 m> The agreement at the five CKD
diagnostic thresholds was 99% (kappa statistics, 0.96; 95%
CL, 0.96-1.00). In pre-dialysis patients (n=51) with high
urea and creatinine levels, the following Passing-Bablok’s
regression equations were obtained: ABL90 urea = 0.97
Cobas urea + 0.48 and ABL90 creatinine = 1.02 Cobas cre-
atinine - 16.41. Median urea single-pool Kt/V was 1.76 for
both Cobas [interquartile range, IQR 1.57-2.01] and ABL
[IQR 1.44-2.05] assays. Median creatinine index was com-
parable between Cobas (17.5 [IQR 16.5-19.3] mg/kg/j) and
ABL (17.6 [IQR 16.4-19.4] mg/kg/j) (Figure 3).

Interferences

The ACL cut-offs were 5.8% for both urea and creatinine.
The RCV cut-offs were 33 and 12% for urea and creatinine,
respectively. Considering hematocrit interference, differences
never exceeded 6% for values between 20 and 70% at the
three tested levels for both urea and creatinine. The differ-
ence was —17% between plasma and whole blood at urea
level of 2.7 and 6 mmol/L. The variation was negligible
(0.3%) at the urea level of 14.3 mmol/L. The difference was
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plot of differences against means for patient samples with both analyzers. For the Bland-Altman representation, the mean (solid horizontal line) and limits of
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—9.3% between plasma and whole blood at creatinine level
of 59 pmol/L. The variation was negligible at creatinine con-
centrations of 75 and 508 umol/L (-4.9 and —3.5%, respect-
ively). Hemolysis led to a positive bias for urea which
exceeded the ACL cut-off at 1.4 and 0.7g of hemoglobin
per liter of plasma and further reached 10.7 and 22.7% at
14g of hemoglobin per liter of plasma for urea level of 5
and 15.5mmol/L, respectively. Hemolysis led to a positive
bias for creatinine which never exceeded the ACL cut-off up
to 14g/L of hemoglobin concentration. Biases at this hem-
olysis level were 8 and 6% for creatinine concentrations of
46 and 142 pmol/L, respectively.

To detect an effect of icterus interference, patients were
classified into four groups according to icterus index (lower
than 85.5 pmol/L versus more than 256.5 pmol/L for the
control and the test group, respectively) and the level of

analyte (Table 2). Icterus interference was found to be con-
centration-dependent with an effect observed only in
patients with urea concentrations above 10 mmol/L. Linear
regression analysis between the bias and the icterus index in
this sub-group was bias=—0.041 icterus index + 0.575,
*=0.30. By contrast, the systematic bias between Cobas and
ABL90 creatinine was affected by icterus in both groups.
Linear regression analyses between the bias and the icterus
index were bias = 0.28 icterus index - 2.95, r*=0.66 and
bias = 0.64 icterus index + 0.40, ’=0.47 for the group of
patients with creatinine levels below and above 100 pmol/L,
respectively. To further analyze the bias observed for cre-
atinine, results were compared with those obtained by a
UPLC/MS/MS method known to be interference-free
(Figure 4). The comparative UPLC/MS/MS method showed
no significant interference by bilirubin for ABL90 creatinine
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Table 2. Icterus interference: median bias (ABL90 — cobas 8000) and the interquartile range in patients with icterus index

below 85.5 pmol/L and above 256.5 pmol/L.

Control group Test group
Icterus index < 85.5 pmol/L Icterus index > 256.5 umol/L p
Urea < 10 mmol/L 0.5 [0.2-0.7] mmol/L 0.45 [0.3-0.7] mmol/L .783
(n=30) (n=30)
Urea > 10 mmol/L 0.6 [-0.1 to 1.2] mmol/L -0.6 [-1.8 to 0] mmol/L .004
(n=29) (n=21)
Creatinine < 100 pmol/L -3 [-4 to 0] pmol/L 5 [1.3-8] umol/L <.001
(n=25) (n=34)
Creatinine > 100 pmol/L 0 [-6 to 9] pmol/L 21.5 [15.8-30] pumol/L <.001
(n=33) (n=20)
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Figure 4. The Bland-Altman plot representation between enzymatic creatinine (A) on c¢701/Cobas 8000 and UPLC/MS/MS; (B) on ABL 90 Flex Plus analyzers and
UPLC/MS/MS. The mean (solid horizontal line) and limits of agreement (dashed lines) of the bias (umol/L) were computed for patients with creatinine concentration

<100 pmol/L (n=44) and >100 umol/L (n = 30).

with a constant mean bias of 4.2+2.9 and 16+ 16.1 pumol/L
in the group of patients with creatinine levels below and
above 100 pmol/L, respectively. By contrast, a significant
bias was observed for Cobas creatinine proportional to bili-
rubin concentration (Figure 5). Linear regression analyses
between the bias and the icterus index were bias=—0.31
icterus index + 6.9, r"=0.62 and bias= —1.11 icterus index
+ 27.8, =045 for the group of patients with creatinine
levels below and above 100 pmol/L, respectively.

Discussion

There are now increasing opportunities for measuring cre-
atinine by POCT devices either on primarily blood gas ana-
lyzers like ABL90 or on ‘non-blood gas’ analyzers [13].
However, to the best of our knowledge, no analytical per-
formance goals have been specifically published for POCT.
It can be expected that analytical performances of POCT
creatinine should meet the requirements regarding bias and



2

Creatinine < 100 umol/L
15 4

E

80 - Creatinine > 100 umol/L

Gy
= —_
(5 =
E T
v % . . o FED0aNrkE el y=-0.08x+17.0
= ‘ o "% , . . r¢=0,03 v 40 o r? = 0.004
=] ° = °
s 5 987 XD 34 = 4
g p !. - gttt esaeneifan..,, of..... TOTP 2 TTTSTO ‘© o °
H 3 20 ° .
c ° = L J T Y N @creen o
i e - % o g 3 R SIRTRRRROE
g 0% e . £ . T sl %e
5 4] 0 ° o
Q L)
o = o ©
= -5 - . o
s y--(;J.31x+6.9 £ -20 y=-1.11x + 27.8
r’=0.62 a r2=0,45
-10 . . : : , -40 4 . . . . ; . . s
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700 800

Icterus index (umol/L)

Icterus index (umol/L)

Figure 5. Difference in creatinine (ABL (black circle) or Cobas (grey circle) minus UPLC/MS/MS) versus icterus index in patients with creatinine concentration
<100 pmol/L (A, n=44) and >100 pmol/L (B, n = 30). Dotted line represents the best fit determined by regression analysis.

precision as for measurements implemented on biochemis-
try analyzer at the central lab. ABL90 enzymatic creatinine
achieves desirable imprecision [24-26] based on biological
variation (i.e. 2.25%), comparable to that obtained on cen-
tral lab biochemistry analyzer [27]. Urea reaches desirable
imprecision (i.e. 6.95%) at all levels and optimal specifica-
tion (i.e. 3.48%) except at the lower value of 1.1 mmol/L.
The dilution profiles obtained with the patient sample
exhibited a high degree of linearity for creatinine and a
slight deviation from linearity was observed for urea. Both
assays presented good agreement with the central lab Roche
assay, which is very important to ensure patient safety and
optimize patient management in the point-of-care setting.
Creatinine is the most important variable in all creatinine-
based equations to estimate GFR, and the relationship
between creatinine and GFR is exponential. Therefore, bias
which is the systematic error due to difference in calibration
or imprecision in POC device measurements could strongly
impact on eGFR results [5, 28]. Bias has been improved by
standardization of the measurement with the so-called
IDMS traceability. The percent bias between ABL90 and
Roche enzymatic creatinine in this study was —1.4% (95%
CI, —2.9% to 0.1%) and the agreement at CKD diagnostic
thresholds was 99%. Our results confirmed the performan-
ces obtained by Salvagno et al. [29] on the same device who
concluded that ABL90 enzymatic creatinine was as suitable
as a conventional clinical chemistry enzymatic technique for
routine and urgent diagnosis of kidney diseases. By contrast,
a study comparing three handheld POC creatinine/eGFR
analyzers available on the Belgian market reported that
Nova StatSensor POC did not meet any of the analytical
error criteria for creatinine (6%) and gave more clinical
major classification errors [30]. A recent Canadian study
suggests that the limiting characteristic of the StatSensor
may not be limited to bias, but also to imprecision with a
CV ranging between 5.8% and 11.3% [31]. Analytical impre-
cision of routine methods and specially POCT systems
is related to performances of the instruments but also to
variability in day-to-day calibration, lot-to-lot variation.
Long-term performance is a major problem and bias versus
central lab is a critical issue that should be carefully moni-
tored. Lot-to-lot variation has been reported as a major

problem on the Abbotts i-STAT POC [32,33]. During the
first year of implementation of the ABL90, we identified 32
combinations of batches of pack solutions and sensor cas-
settes. Median bias versus central lab, determined by peri-
odic comparison, was 1.5 [IQR 0.7-3.2] % underlining the
robustness of the results.

In a subgroup of 51 HD patients, results for whole blood
urea and creatinine well correlated with laboratory measure-
ments in both pre-dialysis and post-dialysis samples. These
results contrast with the negative bias (-30%) against labora-
tory plasma creatinine observed using the Nova StatSensor
creatinine meter in pre-dialysis patients that have been
related to interferences arising from disease states [10].
Dialysis adequacy parameters could be derived from urea
and creatinine. Urea kinetics and specially the Kt/V index,
defined as the product of urea clearance (K) and length of
the treatment time (t), in relation to the urea distribution
volume, is an important determinant of dialysis performance
and patient outcome [34]. In our study, the sp Kt/V was
similar when calculated using central lab or POC method.
Alternatively, creatinine index obtained by creatinine kinetic
modeling, has been recognized as a surrogate biomarker of
muscle mass in dialysis patients and has emerged as a sig-
nificant predictors of protein nutritional status, all-cause
and cardiovascular mortalities in HD patients [35,36]. Here
again, creatinine index obtained by central lab method or by
POCT system is totally identical, suggesting that beyond
dialysis adequacy, muscle mass could be estimated using
creatinine measurement by ABL90. Since the main advan-
tage of POC devices is the quick result allowing a quick
decision, the utility of a POC analyzer in dialysis unit may
be questionable but the evaluation demonstrated that ABL90
is suitable for screening and monitoring kidney impairment
throughout a wide measuring range, which would cover the
vast majority of clinical samples [29]. Nevertheless, creatin-
ine kinetic is a simple and a reliable tool for the assessment
of protein nutritional status and muscle mass in dialysis
patients that can be easily coupled to urea kinetics modeling
[28]. In addition, it has been previously shown that ABL90
could be used to detect low levels of ionized calcium and
thus could be suitable for the monitoring of citrate anticoa-
gulation in renal replacement therapy [37].



High sample quality is essential to ensure the reliability
of results in laboratory medicine and pre-analytical errors
related to blood gas analysis could affect the results obtained
by POCT. Since blood gas analysis is performed on whole
blood, sample preparation is a key step, especially adequate
sample mixing prior to analysis to obtain homogenous sam-
ple. In this study, urea and creatinine measurements were
unaffected by hematocrit variation between 20 and 70%.
Special attention is needed with regard to hemolysis inter-
ference in whole blood analyses since the prevalence of
hemolyzed samples referred for blood gas analysis has been
reported as high as 4% [38] and hemolysis cannot be easily
measured or visually checked. In agreement with Lippi
results [39], hemolysis interfered with urea measurement
but the difference never exceeded the desirable bias based
on biological variation. Increased bilirubin (icterus) repre-
sents common sample abnormalities/circumstances found in
neonates or during hepatic diseases with no possibility of a
new sample without interference. Bilirubin could interfere
via two mechanisms: spectrophotometric (light absorption)
and chemical interference [40]. Urea was slightly impacted
by bilirubin with no clinical consequence at this level. By
contrast, a negative and dose-dependent interference by
icterus was observed for Cobas creatinine but not ABL cre-
atinine measurement. This interference has been previously
described by Owen and Keevil [41] who found a significant
negative bias between the Roche enzymatic method and
LC-MS/MS method using anonymized icteric sera with cre-
atinine concentrations less than 150 pmol/L. It has been
reported that bilirubin interferes negatively with enzymatic
methods, and particularly with methods based on creatinine
amidohydrolase (creatininase) [42,43]. This interference may
be related to the competition between bilirubin and the
assay substrate for the H,O, produced in the adjacent reac-
tion. As recently reported [44], the absence of interference
seen with the ABL90 may be attributable to the detection
principle of the final product.

This study acknowledges some limitations. Pre-analytical
source of errors [45] such as inappropriate collection con-
tainer, improper storage/handling/transport which have pre-
viously been shown to have a significant impact on the
results were not evaluated.

Conclusions

ABL90 appears suitable for clinical use. The analytical
imprecision meets the international recommendations with
a moderate bias against the central lab method of 0.5 mmol/
L and —0.9 pmol/L for urea and creatinine, respectively.
Moreover, urea and creatinine measurement on ABL are
not affected by the interferences from hemolysis and icterus,
which are the most common interfering substances. In con-
clusion, rapid measurement of creatinine and urea using
whole blood specimens on ABL90 appears as a fast and con-
venient method.
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