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Prime Time for Enzymatic Creatinine Methods in
Pediatrics

Christa M. Cobbaert,"” Henk Baadenhuijsen,? and Cas W. Weykamp?

BACKGROUND: The literature regarding the nonspecific-
ity of applications of the Jaffe (alkaline picrate) reac-
tion for creatinine is generally outdated. We conducted
a specificity study to update the nonspecificity infor-
mation for current Jaffe and enzymatic creatinine
assays.

METHODS: Two serum pools with creatinine concentra-
tions within the pediatric reference interval were
spiked with albumin, IgG, unconjugated bilirubin,
adult hemoglobin (Hb A), and fetal hemoglobin (Hb
F) to produce 1 unspiked and 5 spiked samples per
pool. The 35 laboratories participating in the survey
used a total of 14 method—analyzer combinations.
Measurements were performed in triplicate in a single
run in accordance with manufacturer instructions. Ab-
solute differences in creatinine concentration between
spiked and unspiked samples were calculated per labo-
ratory. Mixed ANOVA was used to quantify the
interferent-related CV component for the Jaffe and en-
zymatic methods.

ResuLTs: The interference by bilirubin and Hb A on se-
rum creatinine measurements was <<10% for most of the
Jaffe and enzymatic methods. Obvious interference was
observed among the Jaffe methods in samples spiked with
Hb F, albumin, and IgG, but not among the enzymatic
methods. The within-laboratory interferent-related CVs
for the Jaffe method—analyzer combinations ranged from
8.0%—27% at a creatinine concentration of 40.4 wmol/L
(0.46 mg/dL) and from 5.4%-15% at 73.4 wmol/L (0.83
mg/dL). Enzymatic methods had within-laboratory
interferent-related CVs of <4% at both concentrations.

coNcrusions: Albumin, IgG, and Hb F interfered with
Jaffe creatinine assays, leading to inaccuracies in esti-
mated glomerular filtration rates that are clinically im-
portant, especially in children and neonates. Because
protein error and Hb F interference do not occur with
any of the enzymatic methods tested, we conclude that

enzymatic creatinine methods are preferred for evalu-
ation of kidney function in pediatric cases.
© 2008 American Association for Clinical Chemistry

Proteins and substances with a ketone group are
known to interfere in the Jaffe (alkaline picrate) re-
action for the measurement of creatinine in serum
(1, 2 ), and many authors have attempted to improve
the performance characteristics of the Jaffe reaction
(3—8). To prevent the oxidation of bilirubin to biliv-
erdin, investigators have included potassium ferri-
cyanide, bilirubin oxidase, or rate blanking and
lithium dodecyl sulfate in the reagents. Some man-
ufacturers have advocated the use of rate blanking to
reduce the effects of interfering substances and sub-
traction of a fixed factor (—27 wmol/L, —0.31 mg/
dL) to compensate for the nonspecific reaction of
protein in Jaffe methods (9). Although substantial
improvements have been made, uncertainties re-
garding nonspecific effects have remained (10-14).
Beginning in the 1970s, enzymatic methods have
been developed to improve creatinine specificity
(11, 15); however, despite the known limitations,
methods based on the Jaffe reaction are still exten-
sively used for measuring serum creatinine.

The serum creatinine concentration and the esti-
mated glomerular filtration rate (GFR)* are interre-
lated; consequently, the performance of the creatinine
analysis affects GFR estimates (11, 16 ). The accuracy of
the GFR estimate is important for the early detection of
chronic kidney disease in adults and children, as has
been recognized in the recent awareness campaigns in
the European Union and in the US (http://www.
NKDEP.nih.gov). The Laboratory Working Group re-
port of the National Kidney Disease Education Pro-
gram in the US has reviewed the information on the
nonspecificity of routine creatinine methods and rec-
ommended that manufacturers of in vitro diagnos-
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tics address and reduce the influence of interfering
substances in patient samples (11 ). No specific recom-
mendations were provided, however, because no re-
cent literature has described the specificity characteris-
tics of current routine procedures of creatinine
measurement. Krouwer pointed out that the goal for
the total error in creatinine assays should take into ac-
count not only calibration bias and imprecision but
also the nonspecificity component (17).

We report the results of a specificity study we con-
ducted to update such information and to establish the
impact of relevant matrix components and frequently
encountered interfering substances on serum creati-
nine results, as measured with several current enzy-
matic and Jaffe reaction—based methods. We also
quantitated the nonspecificity component in Jaffe and
enzymatic methods to evaluate its contribution to the
total error in creatinine concentrations within the pe-
diatric range.

Materials and Methods

STUDY DESIGN

We created 2 serum pools with different creatinine
concentrations, one at approximately 73 wmol/L (0.83
mg/dL), which is the 97.5th percentile of term neo-
nates, and the other at approximately 40 wmol/L (0.45
mg/dL), which is the upper limit of the reference inter-
val for children 5-7 years of age (18). Interfering sub-
stances were spiked into these pools so that the matrix
was uniform across all of the samples except for the
spiked substance. The concentration of creatinine in
spiked and unspiked serum samples was measured in
selected clinical chemistry laboratories with their
routine serum creatinine methods. Within-laboratory
within-run differences in serum creatinine between
spiked and unspiked samples were calculated at
each concentration. In addition, within-laboratory
interference-related CV components (which we call
“interferential CVs” throughout the remainder of this
report) were calculated across the method—analyzer
combinations. This design allowed the evaluation of
nonspecificity independently of the analytical bias of
the participating laboratories.

SAMPLE PREPARATION

We prepared samples to create 6 sets of paired samples
at creatinine concentrations of 40 wmol/L (0.45 mg/
dL) and 70 wmol/L (0.79 mg/dL) and with exactly the
same matrix except for the addition of albumin, IgG,
bilirubin, adult hemoglobin (Hb A), and fetal hemo-
globin (Hb F) (see Table 1 in the Data Supplement that
accompanies the online version of this article at http://
www.clinchem.org/content/vol55/issue3).
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BASE SERUM POOL
The starting point for all sample preparation was a se-
rum pool prepared according to the CLSI C37A proto-
col. The pool was prepared from serum samples ob-
tained from 3 donors with low concentrations of total
protein, albumin, IgG, and creatinine. The pool char-
acteristics were as follows: total protein, 45 g/L; albu-
min, 21 g/L; IgG, 4.6 g/L; bilirubin, 3 umol/L; and cre-
atinine, 42 pmol/L (0.48 mg/dL). The pool was
hemolysis free and was negative for hepatitis B surface
antigen, hepatitis C virus, and HIV.

STOCK SOLUTIONS

Creatinine stock. Creatinine (56.1 mg; NIST SRM914a)
was dissolved in 45 mL base serum, transferred to a
50-mL volumetric flask, and made up to 50 mL with
base serum (creatinine concentration, 9931 wmol/L or
112 mg/dL).

Bilirubin stock. Bilirubin (194.9 mg; Sigma—Aldrich,
M, = 584.7) was dissolved in 8 mL of 0.1 mol/L NaOH
and diluted with 0.1 mol/L NaOH to 10 mL in a volu-
metric flask (bilirubin concentration, 33.3 mmol/L).

Hb A stock. EDTA-treated blood from a Caucasian
adult (Hb type AA) was washed 3 times with physio-
logical saline (9 g/L; 1 part cells plus 3 parts saline), and
1 mL of packed cells was lysed with 7 mL water. After
centrifugation, the Hb A concentration of the clear su-
pernate was measured (1.88 mmol/L).

Hb F stock. Hb F was prepared from EDTA-treated
blood of a newborn in the same way as for the Hb A
stock. The Hb F concentration was 2.03 mmol/L.

Low-creatinine serum stock. A 310-mL aliquot was
taken from the base serum (stock A).

High-creatinine serum stock. To 300 mL of the base se-
rum was added 1 mL of the creatinine stock (increase in
creatinine concentration: 1/301 X 9931 wmol/L = 33
pmol/L or 0.37 mg/dL; stock B).

SAMPLES: LOW-CREATININE SERIES

Sample 1. Forty-eight milliliters of stock A was diluted
with physiological saline to 50 mL in a volumetric flask.

Sample 2. Forty-eight milliliters of stock A was trans-
ferred to a 50-mL volumetric flask, 1.25 g albumin
(Sigma—Aldrich) was added and dissolved, and the so-
lution was made up to the mark with physiological
saline (increase in albumin of 25 g/L).

Sample 3. Forty-eight milliliters of stock A was trans-
ferred to a 50-mL volumetric flask, 1.00 g IgG (Sigma—
Aldrich) was added and dissolved, and the volume was
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made up to the mark with physiological saline (increase
in of 20 g/L).

Sample 4. Forty-eight milliliters of stock A was transferred
to a 50-mL volumetric flask, 150 wL of bilirubin stock
solution was added and mixed, and 150 wL 0.1 mol/L HCI
was added to neutralize the NaOH in the bilirubin stock.
The volume was diluted to 50 mL with physiological sa-
line (increase in bilirubin of 100 wmol/L).

Sample 5. Forty-eight milliliters of stock A was trans-
ferred to a 50-mL volumetric flask, 1.60 mL Hb A stock
was added, and the volume made up to the mark with
physiological saline (Hb A increase of 60 wmol/L).

Sample 6. Forty-eight milliliters of stock A was trans-
ferred to a 50-mL volumetric flask, 1.48 mL Hb F stock
was added, and the volume made up to the mark with
physiological saline (Hb F increase of 60 wmol/L).

SAMPLES: HIGH-CREATININE SERIES
Samples 7-12 were prepared exactly as for samples
1-6, but with stock B instead of stock A.

Table 1 in the online Data Supplement summa-
rizes sample preparation.

DISTRIBUTION OF SAMPLES, LOGISTICS, AND ANALYSIS
Aliquots (0.5 mL) of the respective unspiked (native)
and spiked pools were dispensed into Cryovials and
frozen at —84 °C. Sets of 12 samples were shipped on
dry ice to the participating laboratories. On arrival, the
samples were stored frozen at —70 °C until analysis
and were assayed in triplicate within 2 weeks. Labora-
tories assayed the samples as unknowns with their rou-
tine clinical chemistry analyzers exactly as recom-
mended by the manufacturer. Study samples were all
run on a single day in 1 run in June 2008. Data were
reported centrally to the Dutch external quality-
assessment organization.

ASSIGNMENT OF CREATININE VALUES

Samples 1 and 7 were assigned creatinine values with ref-
erence material endorsed by the Joint Committee for
Traceability in Laboratory Medicine and with the Deut-
sche Gesellschaft fiir Klinische Chemie (Bonn, Germany)
definitive method for serum creatinine (http://www.
bipm.org). Final creatinine concentrations were as fol-
lows: 40.4 wmol/L in sample 1 (expanded uncertainty =
0.4 wmol/L, with coverage factor k = 2.4 and 7 degrees of
freedom) and 73.4 wmol/L in sample 7 (expanded uncer-
tainty = 0.73 umol/L, with coverage factor k = 2.4 and 7
degrees of freedom). The expanded-uncertainty value is
obtained by multiplying the standard uncertainty by the
coverage factor (2.4) (19). At a coverage factor derived
from the rdistribution with 7 effective degrees of freedom,
the value of the measurand lies within the assigned range

of values with a probability of 95%. Although the exact
bias data are not addressed in this publication, we wanted
to keep track of the traceability and accuracy of current
serum creatinine measurements during the nonspecificity
study to obtain accurate, absolute estimates of the non-
specificity components for the absolute creatinine con-
centrations.

PARTICIPATING CLINICAL CHEMISTRY LABORATORIES AND
CREATININE METHODS

Thirty-five clinical chemistry laboratories (24 laboratories
from The Netherlands and 11 laboratories from other
Western European countries) were invited to participate
in this specificity study. The invitation to laboratories was
selective and made so that enzymatic combinations as
well as uncompensated and compensated Jaffe combina-
tions were included. The selection initially produced 15
method—analyzer combinations from 35 laboratories: 1,
enzymatic method with the Abbott Diagnostics ARCHI-
TECT analyzer (4 laboratories); 2, enzymatic method
with the Ortho Clinical Diagnostics VITROS analyzer (2
laboratories); 3, enzymatic method with the Roche Diag-
nostics Cobas analyzer (7 laboratories); 4, enzymatic
method with the Roche Diagnostics Modular Analytics
analyzer (3 laboratories); 5, compensated Jaffe method
with the Roche Diagnostics Cobas analyzer (2 laborato-
ries); 6, compensated Jaffe method with the Roche Diag-
nostics Integra 400 analyzer (2 laboratories); 7, compen-
sated Jaffe method with the Roche Diagnostics Modular
Analytics analyzer (2 laboratories); 8, compensated Jaffe
method with the Siemens ADVIA 1650 and 2400 analyz-
ers (2 laboratories); 9, compensated Jaffe method with the
Siemens Dimension RxL analyzer (1 laboratory); 10, un-
compensated Jaffe method with the Abbott Diagnostics
ARCHITECT analyzer (2 laboratories); 11, new uncom-
pensated Jaffe method with the Abbott Diagnostics
ARCHITECT analyzer (1 laboratory); 12, uncompen-
sated Jaffe method with the Beckman Coulter LX20 ana-
lyzer (3 laboratories); 13, uncompensated Jaffe method
with the Siemens Dimension RxL analyzer (2 laborato-
ries); 14, uncompensated Jaffe method with the Siemens
ADVIA 1650 analyzer (1 laboratory); and 15, uncompen-
sated Jaffe method with the Siemens Dimension VISTA
analyzer (1 laboratory). According to Abbott Diagnostics,
the new uncompensated Jaffe method is a modified ver-
sion that s less susceptible to bilirubin interference. Com-
pensated methods subtract a fixed concentration from all
results in an attempt to adjust for the nonspecific protein
influence. To simplify the visual inspection of the results
presented in the figures, we present the data from enzy-
matic method—analyzer combinations in green, compen-
sated Jaffe method—analyzer combinations in red, and
uncompensated Jaffe method—analyzer combinations in
orange.
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Fig. 1. Scattergram of differences in within-laboratory serum creatinine concentration between human serum
albumin (HSA)-spiked and unspiked samples at low creatinine (x axis) and high creatinine (y axis) concentrations.

Within-laboratory differences between HSA-spiked and unspiked samples are grouped by method-analyzer combination. Data
are presented as mean differences and are calculated from the individual laboratory data. Green, red, and orange symbols
indicate enzymatic, compensated Jaffe, and uncompensated Jaffe method—analyzer combinations, respectively. Specific com-
binations: €, enzymatic method with the Abbott Diagnostics ARCHITECT analyzer; @, enzymatic method with the Ortho
Clinical Diagnostics VITROS analyzer; A, enzymatic method with the Roche Diagnostics Cobas analyzer; M, enzymatic method
with the Roche Diagnostics Modular ANALYTICS analyzer; A, compensated Jaffe method with the Roche Diagnostics Cobas
analyzer; @, compensated Jaffe method with the Roche Diagnostics Integra 400 analyzer; M, compensated Jaffe method with
the Roche Diagnostics Modular ANALYTICS analyzer; =, compensated Jaffe method with the Siemens Advia 1650 and 2400
analyzers; B, compensated Jaffe method with the Siemens Dimension RxL analyzer; <, uncompensated Jaffe method with the
Abbott Diagnostics ARCHITECT analyzer; -, new uncompensated Jaffe method with the Abbott Diagnostics ARCHITECT
analyzer; I, uncompensated Jaffe method with the Beckman Coulter LX20 analyzer; @, uncompensated Jaffe method with the

Siemens Dimension RxL analyzer;

\, uncompensated Jaffe method with the Siemens Advia 1650 analyzer.

DATA REVIEW

The within-run CV was calculated for each sample at
each concentration. Results from one laboratory (Sie-
mens Dimension VISTA) were excluded because of
high within-run CVs (up to 15%) in multiple sam-
ples. Both the direction and magnitude of the inter-
ference were inspected visually from the scatter-
grams (see Statistical Analysis below) for consistency
at the 2 creatinine concentrations. Reanalysis was
necessary in the one laboratory that reported incon-
sistent results for samples spiked with bilirubin. Af-
ter reanalysis by this laboratory, all interference data
were consistent.

STATISTICAL ANALYSIS

Calculation of the interference effect. The effect of an
interfering substance is defined as the difference in
creatinine results between the spiked and unspiked
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samples in a series, irrespective of the calibration
status of the laboratory. For example, if a laboratory
obtained a creatinine concentration of 53 umol/L
(0.60 mg/dL) in the albumin-enriched sample of the
low-creatinine series (sample 2) and 41 umol/L
(0.46 mg/dL) in the unspiked sample of the low-
creatinine series (sample 1), the interfering effect of
25 g/L albumin in that laboratory was 12 wmol/L
(i.e., 53 wmol/L — 41 wmol/L), or 0.14 mg/dL. The
effect of 25 g/L albumin in the high-creatinine series
can similarly be derived from the measurements for
samples 7 and 8.

Differences between creatinine concentrations
measured in spiked and unspiked samples were cal-
culated per laboratory per creatinine concentration.
Absolute differences were averaged per analyzer—
method combination and plotted in scattergrams
for the low creatinine concentration (x axis) and
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Fig. 2. Scattergram of differences in within-laboratory serum creatinine concentration between bilirubin-spiked and
unspiked samples at low creatinine (x axis) and high creatinine (y axis) concentrations.

Within-laboratory differences between bilirubin-spiked and unspiked samples are grouped by method—analyzer combination
(see legend to Fig. 1 for symbol definitions; green, red, and orange symbols indicate enzymatic, compensated Jaffe, and
uncompensated Jaffe method—analyzer combinations, respectively). Data are presented as mean differences and are calculated

the high creatinine concentration (y axis) for each
interfering substance.

Quantification of the interferential CV. The Statistical
Package for the Social Sciences (version 11.0; SPSS) was
used for statistical analyses. Data were analyzed per
method—analyzer combination (14 combinations) and
per concentration (2 concentrations). A mixed-model
ANOVA [performed with the PROC MIXED module in
the SAS System for Windows, Release 8.2, 2004; SAS In-
stitute (20 )] was used for analyzing the outcome variable
(creatinine) with the following random explanatory fac-
tors: laboratory (34 laboratories), spike (5 spiked samples
per creatinine concentration), and replication (3 repli-
cates). The resulting variance components were estimated
with a restricted maximum-likelihood method. The ran-
dom laboratory factor represents the between-laboratory
component. The sum of the main spike component and
the spike component nested within laboratories was con-
sidered the interferential component. The sum of all other
components containing replication error and the residual
error was considered the analytical component. The CVs
were calculated by taking the square root of the variance
components and expressing them as a percentage of the
relevant reference concentration.

Results

The absolute differences in serum creatinine concen-
tration between spiked and unspiked samples for the
low and high creatinine concentrations and averaged
for each method—analyzer combination are presented
in the figures. Fig. 1 shows positive interference by a
25-g/L albumin increment for all Jaffe methods but not
for the enzymatic methods. Fig. 2 illustrates small and
comparable negative interferences by bilirubin in the
enzymatic and most Jaffe methods. Three Jaffe meth-
ods (compensated Jaffe method on the Roche Diagnos-
tics Integra 400 analyzer, uncompensated Jaffe method
on the Abbott Diagnostics ARCHITECT analyzer, and
uncompensated Jaffe method on the Siemens ADVIA
1650 analyzer) showed more pronounced interference
by bilirubin. Fig. 3 shows positive interference by IgG
in most of the Jaffe methods but negligible interference
in the enzymatic methods. Fig. 4 shows negligible in-
terference by Hb A for the Roche enzymatic methods
and for most Jaffe methods, small negative interfer-
ences for the enzymatic methods with the Ortho Clin-
ical Diagnostics and Abbott Diagnostics analyzers, and
more pronounced negative interference with compen-
sated and uncompensated Jaffe methods that used the
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Fig. 3. Scattergram of differences in within-laboratory serum creatinine concentration between human IgG-spiked
and unspiked samples at low creatinine (x axis) and high creatinine (y axis) concentrations.

uncompensated Jaffe method—analyzer combinations, respectively). Data are presented as mean differences and are calculated

nspiked samples are grouped by method—analyzer combination
orange symbols indicate enzymatic, compensated Jaffe, and

Siemens Dimension RxL analyzer. Fig. 5 shows negli-
gible interference by Hb F in all of the enzymatic meth-
ods and in the uncompensated Jaffe methods with the
Beckman Coulter, Abbott Diagnostics, and Siemens
ADVIA 1650 analyzers, but substantial and generally
negative interference was observed for the other Jaffe
methods. The Jaffe method with Roche Diagnostics In-
tegra 400 analyzer showed positive interference by
Hb F.

The results of the mixed-model ANOVA (Table 1)
indicate that Jaffe methods had a larger within-
laboratory interferential CV component than the enzy-
matic methods, demonstrating the appreciably greater
nonspecificity of the Jaffe methods. The range of
within-laboratory interferential CVs of the Jaffe
method—analyzer combinations was 8.0%-27% at a
creatinine concentration of 40.4 umol/L (0.46 mg/dL)
and 5.4%-15% at 73.4 pmol/L (0.83 mg/dL). This
range of interferential CVs corresponds to errors in
serum creatinine concentration of —18 wmol/Lto + 14
pmol/L  (—=0.20 mg/dL to +0.16 mg/dL) at
40.4 pmol/L (0.46 mg/dL) and —20 pwmol/L to +16
pmol/L (—0.23 mg/dL to +0.18 mg/dL) at 73.4
pmol/L (0.83 mg/dL). Enzymatic methods have small
within-laboratory interferential CVs (0.5%-3.9% at
the low creatinine concentration and 1.0%-3.1% at the
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high concentration). These values correspond to errors
in serum creatinine concentration of —4 umol/L to 0
pmol/L at a creatinine concentration of 40.4 wmol/L
(0.46 mg/dL) and —6 umol/L to 0 wmol/L at 73.4
pmol/L (0.83 mg/dL). Table 1 also shows that within-
laboratory analytical CVs are generally smaller for the
enzymatic methods than for the Jaffe methods.

Discussion

The scattergrams in Figs. 1-5 reveal no or negligible
interference by the interfering substances tested for
the enzymatic methods from Roche Diagnostics, Ab-
bott Diagnostics, and Ortho Clinical Diagnostics. In
contrast, most Jaffe methods showed substantial in-
terference by these substances. The small within-lab-
oratory interferential CV components obtained for
the enzymatic methods (Table 1) support the recent
statement from the IFCC Scientific Division recom-
mending that more specific creatinine methods be
adopted (21 ). Figs. 2 and 4 show that manufacturers
have been successful in minimizing bilirubin and Hb
A interference in most Jaffe and enzymatic methods,
as has been reported in the literature (8—11, 13-14 ).
In the case of Abbott Diagnostics, the newest un-
compensated Jaffe version has negligible bilirubin
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Fig. 4. Scattergram of differences in within-laboratory serum creatinine concentration between human Hb A-spiked
and unspiked samples at low creatinine (x axis) and high creatinine (y axis) concentrations.

Within-laboratory differences between human Hb A—spiked and unspiked samples are grouped by method—analyzer combina-
tion (see legend to Fig. 1 for symbol definitions; green, red, and orange symbols indicate enzymatic, compensated Jaffe, and
uncompensated Jaffe method—analyzer combinations, respectively). Data are presented as mean differences and are calculated

interference, compared with the previous version of
the assay.

On the other hand, positive interferences due to
albumin and/or IgG (Figs. 1 and 3) and Hb F (Fig. 5)
are still substantial for most Jaffe methods. Although
manufacturers try to correct for the protein error
through the use of a fixed compensation factor for the
protein content in adults (i.e., =27 umol/L, or —0.31
mg/dL) (9), this procedure overcorrects with pediatric
samples because of children’s low serum protein con-
centrations. This overcorrection produces inaccurate
GFR estimates, especially in neonates and children
(22). Concerns about the impact of variation in nor-
mally occurring serum matrix components, such as al-
bumin and IgG, on serum creatinine concentration
and the GFR estimate have also been described by Parry
(23).

The nonspecificity error component in most Jaffe
methods is appreciable (see Table 1), with a range of
8.0%—27% at a creatinine concentration of 40.4
pmol/L (0.46 mg/dL) and 5.4%—-15% at 73.4 wmol/L
(0.83 mg/dL), and this component by itself can cause
errors that exceed the desirable total error for creati-
nine of 7.6% (11). In this study, the nonspecificity
component in enzymatic methods contributed a
maximum of 3.9% to total error.

In this study, special attention was given to rep-
resenting the composition of the serum matrix in
children (i.e., low concentrations of creatinine, total
protein, and IgG) because the impact of method
nonspecificity on serum creatinine and GFR estima-
tion is most pronounced in these samples. Common
interferences and/or matrix components, which
generally vary among patient samples, were tested
across 14 current method—analyzer combinations.
The purpose was not to estimate an effect for each
interfering substance but to obtain a global estimate
of the contribution of these commonly encountered
interferences. We expressed that contribution as the
interferential CV, which is the aggregate of variance
components that might occur in a serum sample.
The interferential CV is consistent with Krouwer’s
recommendation (17) to consider random sample-
specific interferences as a component of imprecision
in the formula for total allowable error.

EFFECT OF NONSPECIFICITY ON THE GFR ESTIMATE

As an example, GFR was calculated with the
Schwartz equation (http://www.NKDEP.nih.gov/
professionals/gfr_calculators/gfr_children.htm), as-
suming a term neonate (k = 0.45, where k is the
constant in the Schwartz equation) with a height of

Clinical Chemistry 55:3 (2009) 555
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Fig. 5. Scattergram of differences in within-laboratory serum creatinine concentration between human Hb F—spiked
and unspiked samples at low creatinine (x axis) and high creatinine (y axis) concentrations.

Within-laboratory differences between human Hb F-spiked and unspiked samples are grouped by method—analyzer combination
(see legend to Fig. 1 for symbol definitions; green, red, and orange symbols indicate enzymatic, compensated Jaffe, and
uncompensated Jaffe method—analyzer combinations, respectively). Data are presented as mean differences and are calculated
from the individual laboratory data.

50 cm and the results for base serum (38 umol/L or
0.43 mg/dL) and albumin-spiked serum (52 pmol/L
or 0.59 mg/dL) from the compensated Jaffe
method with the Siemens ADVIA 1650 analyzer. The
corresponding GFR values were 52 and 38
mL - min~ "+ (1.73 m?)~' for the base and spiked
sera, respectively. In the albumin-spiked sample, the

GFR was underestimated by 27%. At the higher cre-
atinine concentration, the results were 69 wmol/L
(0.78 mg/dL) in the base serum and 83 umol/L
(0.94 mg/dL) in the albumin-spiked sample. The
corresponding GFR values were 29 and 24
mL - min~ "+ (1.73 m?)~" for the base and spiked
sera, respectively. In the albumin-spiked sample, the

Table 1. Within-laboratory interferential and analytical CV components calculated from 2 creatinine
concentrations in the pediatric concentration interval, as measured in 2 unspiked and 10 spiked samples by 34
clinical chemistry laboratories across 14 method-analyzer combinations.

Method-analyzer combination (no. of laboratories)®

Enzymatic methods

Jaffe methods

At the low creatinine
concentration (40.4 wmol/L)

Within-lab interferential CV, % 2.1 39 08 05 18
Within-lab analytical CV, % 08 18 27 17 68

At the high creatinine
concentration (73.4 umol/L)

Within-lab interferential CV, % 1.9 3.1 1.2 10 11
Within-lab analytical CV, % 05 13 16 13 45

@ See Materials and Methods for descriptions of method—analyzer combinations.

1(4) 2(2) 3(7) 4(3) 5(2) 6(2) 7(2) 8(8) 9(1) 10(2 11(1) 12(3) 13(2) 14(1)

18 22 27 19 19 14 80 21 24
32 58 33 18 21 22 23 2.4 3.7

11 14 15 12 1" 8.1 5.4 12 13
25 31 20 19 1.1 0.9 1.6 1.4 0.8
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GFR was underestimated by 17%. Similarly, 60
pmol/L Hb F in this term neonate example caused a
reduction of 14 umol/L (0.16 mg/dL) at both creat-
inine concentrations: 38 wmol/L (0.43 mg/dL) in the
base serum and 24 umol/L (0.27 mg/dL) in the Hb
F-spiked low-creatinine sample and 69 wmol/L
(0.78 mg/dL) in the base serum and 55 umol/L (0.62
mg/dL) in the spiked high-creatinine sample. The
corresponding GFR values were overestimated by
60% and 24% at the low and high creatinine concen-
trations, respectively.

The limitations of this study are related to the fact
that only 2 normally occurring serum matrix compo-
nents and 3 common interfering substances were
tested. Moreover, nonspecificity was evaluated at the
97.5th percentile upper reference values of neonates
and children (18), and the degree of interference ob-
served cannot be completely generalized or extrapo-
lated to creatinine concentrations in adults. Other in-
terfering substances, such as ketone bodies and
cephalosporines, were not investigated.

PRIME TIME FOR ENZYMATIC CREATININE METHODS?
Notwithstanding the ongoing progress made in the
current formulations of Jaffe methods for minimizing
interferences by bilirubin and Hb A, clinically signifi-
cant interferences remain for Hb F, albumin, and/or
IgG concentrations. These interferences lead to large
nonspecificity variances and to inaccurate GFR esti-
mates, especially in children and neonates. Because
protein error and Hb F interference do not occur with

any of the enzymatic methods tested, we conclude that
enzymatic methods should become the methods of
choice for evaluating kidney function with samples
from pediatric patients.

Author Contributions: All authors confirmed they have contributed to
the intellectual content of this paper and have met the following 3 re-
quirements: (a) significant contributions to the conception and design,
acquisition of data, or analysis and interpretation of data; (b) drafting
or revising the article for intellectual content; and (c) final approval of
the published article.

Authors’ Disclosures of Potential Conflicts of Interest: Upon
manuscript submission, all authors completed the Disclosures of Poten-
tial Conflict of Interest form. Potential conflicts of interest:

Employment or Leadership: None declared.

Consultant or Advisory Role: None declared.

Stock Ownership: None declared.

Honoraria: None declared.

Research Funding: The authors thank Abbott Diagnostics (Irving,
Texas), Roche Diagnostics (Penzberg, Germany), and Siemens
Healthcare Diagnostics (Tarrytown, New York) for financial
support.

Expert Testimony: None declared.

Role of Sponsor: The funding organizations played no role in the
design of study, choice of enrolled patients, review and interpretation
of data, or preparation or approval of manuscript.

Acknowledgments: The authors are especially grateful to Professor
Mauro Panteghini, chair of the IFCC Scientific Division, to Professor
Lothar Siekmann, co-chair of JCTLM working group 2, and to Pro-
fessor Joris Delanghe, chair of the EC4 working group on creatinine
standardization, for their moral support to this survey.

. Bowers LD, Wong ET. Kinetic serum creatinine
assays. Il. A critical evaluation and review. Clin
Chem 1980;26:555-61.

. Spencer K. Analytical reviews in clinical
biochemistry: the estimation of creatinine. Ann
Clin Biochem 1986;23:1-25.

References

procedure for eliminating the negative interfer-
ence of bilirubin in the Jaffé reaction for creati-
nine. Clin Chem 1992;38:1749-51.

. Khatami Z, Dey D, Handley G. In the name of

traceability [Letter]. Ann Clin Biochem 2005;42:
162-3.

14.

ference in Roche creatinine methods? Clin Chem
2007;53:370-1.

Dimeski G, McWhinney B, Jones B, Mason R,
Carter A. Extent of bilirubin interference with
Beckman creatinine methods. Ann Clin Biochem
2008;45:91-2.

. Boyne P Robinsgn BA, Murphy P: McKa.y M 10. Peake M, Whiting M. Measurement of serum 13- Mos.s AG, Bondar RIL, Bu.zzlelli DM. Kinetic enzy-
Enzymatic cprrecnon of |nten“erence in thf& .k|net_|c creatinine — current status and future goals. Clin mfmc method for determining serum creatinine.
Jaffe reac.non for determining creatinine in Biochem Rev 2006;27:173—84. Clin Chem 1975;21:1422-6.
plasma. Cllr? Chem_1985;31:156.4—5. N 11. Myers GL, Miller WG, Coresh J, Fleming J, Green- 16. Levey AS, Coresh J, Greene .T, Marsh J, ‘S_tev&_zns

. Boyne P, Beilby J, Hickman P, Knight J, Wiliams D. bera N. Greene T. et al. Recommendations for LA, Kusek JW, et al. Expressing the Modification
Scientific and Technical Committee: technical re- . 9 ! e of Diet in Renal Disease Study equation for esti-

. ) improving serum creatinine measurement: a re- ; e .
port no. 27. Creatinine Interferences Working . mating glomerular filtration rate with standard-
Party. Clin Biochem Revs 1988;9:54-7. port. from .the Lab‘oratory Work.lng Group of the ized serum creatinine values. Clin Chem 2007;53:

_ Kroll MH, Roach NA, Poe B, Elin RJ. Mechanism National Kidney Disease Education Program. Clin 766-72.
of interference with the Jaffe reaction for creati- Chem 2006;52:5-18. 17. Krouwer JS. A recommended improvement for
nine. Clin Chem 1987;33:1129-33. 12. Del.anghe JR, Cobbaert CM, Galteau MM, Har- specifying and estimating serum creatinine per-

. Pardue HL, Bacon BL, Nevius MG, Skoug JW. moinen A, Jansen R, Kruse R, et al. Trueness formance [Letter]. Clin Chem 2007;53:1715-6.
Kinetic study of the Jaffé reaction for quantifying verification of actual creatinine assays in the 18, Ceriotti F, Boyd JC, Klein G, Henny J, Queralté J,
creatinine in serum: 1. Alkalinity controlled with European market demonstrates a disappointing Kairisto V, Panteghini M, on behalf of the IFCC
NaOH. Clin Chem 1987;33:278-85. variability that needs substantial improvement. Committee on Reference Intervals and Decision

. Weber JA, van Zanten AP. Interferences in current An international study in the framework of the Limits (C-RIDL). Reference intervals for serum cre-
methods for measurements of creatinine. Clin EC4 creatinine standardization working group. atinine concentrations: assessment of available
Chem 1991;37:695-700. Clin Chem Lab Med 2008;46:1319-25. data for global application. Clin Chem 2008;54:

. O'Leary N, Pembroke A, Duggan PF. A simplified ~ 13. Owen LJ, Keevil BG. Does bilirubin cause inter- 559-66.

Clinical Chemistry 55:3 (2009) 557


akondalk


19. International Organization for Standardization,
International Electrotechnical Commission, Inter-
national Organization of Legal Metrology, Inter-
national Bureau of Weights and Measures. Guide
to the expression of uncertainty in measurement.
Geneva: International Standards Organization

(1S0); 1993.

558 Clinical Chemistry 55:3 (2009)

20. Verbeke G, Molenberghs G, eds. Linear mixed

21.

models in practice: a SAS-oriented approach.
New York: Springer; 1997. 306 p. (Lecture notes
in statistics; 126).

Panteghini M, on behalf of the IFCC Scientific
Division. Enzymatic assays for creatinine: time for
action. Clin Chem Lab Med 2008;46:567-72.

22

23.

Delanghe JR. How to estimate GFR in children
[Editorial comment]. Nephrol Dial Transplant
[Epub ahead of print 2008 May 29].

Parry DM. Use of single-value protein compensa-
tion of the Jaffe creatinine assay contributes to
clinically significant inaccuracy in results. Clin
Chem 2008;54:215-6.



