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Background: Creatinine determination in serum is a key indicator of kidney glomerular function. A reference
measurement system for its standardization is available and virtually all IVD manufacturers have aligned their
assays to this system. In this study, we verified the impact of these standardization efforts on the results of an
Italian EQAS involving about 430 laboratories.
Method:Weconsidered data obtained during 2006, 2010 and 2011 schemes of EQAS Prolarit for controlmaterials
with target values assigned by a traceable method (enzymatic assay calibrated against the NIST SRM 967).
Results: The results showed a good alignment at concentrations ~170μmol/L, with 2011 results— except for one
method group — well inside the desirable bias (±4%). At higher concentrations, whereas the bias was small in
2010, for some groups using alkaline-picrate (AP) methods it became significantly negative in 2011. The

performance seems to worsen when measuring physiologic concentrations, where a significant positive bias
(up to ~20%) is shown by most of the AP-based analytical systems. With few exceptions, no evident
improvement in individual assay bias was noted from pre- (2006) to post-standardization (2011) periods. The
enzymatic method groups were the only always presenting an acceptable bias at all creatinine concentrations,
also showing the lowest between-laboratory variability.
Conclusion:Our data seem to indicate that the standardization efforts are still having effects lower than expected.
Even taking into consideration that some of the bias may derive from non commutability problems, most of the
current “standardized” AP-based methods, at the lower creatinine concentrations, seem to present accuracy
problems. This inaccuracy can adversely impact the estimation of GFR by equations and the evaluation of kidney
function in pediatrics.
© 2013 Elsevier B.V. All rights reserved.
1. Introduction

The measurement of creatinine in serum is one of the most
frequently requested tests in clinical laboratories. Over the last decade,
its importance in the evaluation of kidney glomerular function has
been further increased by recommendations issued by nephrology
societies for using equations to estimate the glomerular filtration rate
(GFR) [1]. Particularly, the equation developed by the Modification of
Diet in Renal Disease (MDRD) study or, if GFR is N60mL/min, developed
by the Chronic KidneyDisease-Epidemiology Collaboration (CKD-EPI) is
recommended [2–4]. Recommendations specifically include the re-
quirement for standardization of creatinine measurements before the
rular filtration rate; MDRD,
Kidney Disease-Epidemiology
s Européennes; EQAS, external
interval; CIRME, Centre for
ational Institute for Standards
ry.
affaele, Via Olgettina 60, 20132
187.
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implementation of GFR estimation by equation [5]. This has resulted
in an international consensus for the definition of a reference system
for the measurement of creatinine based on the use of higher-order
reference materials and reference methods to which the calibration of
commercial assays has to be traceable [6]. Accordingly, from 2008
in vitro diagnostic (IVD)manufacturers have (re)calibrated their creati-
nine measurement systems to the internationally approved reference
system and, consequently, clinical laboratories are now exclusively
using these standardized methods. This is also in compliance with the
European Union (EU) Directive 98/79/EC on IVD medical devices,
which among essential requirements for the CE (“Communautés
Européennes”) mark states that “the traceability of values assigned to
calibrators and/or control materials must be assured through available
reference measurement procedures and/or available reference
materials of a higher order” [7,8].

In 2006, experimental data were obtained both at European and
Italian level describing the situation of creatinine measurement in pre-
standardization times [9,10]. In a study involving ~170 European
laboratories, Delanghe et al. [9] demonstrated that analytical systems
from four of the most important IVD manufacturers did not meet trace-
ability targets, especially when physiologic concentrations of serum
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Table 1
Composition of evaluated groups of analytical systems.

Method/
manufacturer group

Analytical systems

Enzymatic Roche Modular, Cobas, Integra 400 and 800
Enzymatic Othersa Abbott Ci8200, Beckman AU400, AU600, AU640, Biotecnica

BT3000 and BT3500, Instrumentation Laboratory ILab 600
and 650, Siemens Vista, Advia 1650

AP Beckman DXC 600 and 800, Synchron CX3, CX7 and CX9
AP Biotecnica ARCO PC, Targa 2000, 3000 and 10000, BT 2245, BT 3000 Plus,

BT 3500
AP Siemens
Dimension

Dimension X-Pand, Dimension AR, Dimension RXL

AP Roche Hitachi Hitachi 704, 717, 911, 912 and 917, Modular and Modular
SWA, Cobas 6000 and Cobas c501

AP Instrumentation
Laboratory

ILab 300 and 300 plus, ILab 500, 600 and 650

AP Roche Integra Integra 400, 400 plus and 800
AP Kone KoneLab 20i, 30i, 60i, 600 and T60
AP Beckman AU AU400, AU600, AU640, AU680, AU2700 and AU5400
AP ABX Cobas Mira
AP Siemens Advia Advia 1650, 1800 and 2400

AP, alkaline-picrate method.
a Constituted by systems using enzymatic assays other than Roche.
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creatinineweremeasured. A similar situationwas confirmed at a national
level in a study in which, for physiological concentrations of serum
creatinine, the total average overestimation was relevant (N10%), with
N20% peaks [10]. Only some analytical systems using methods based on
enzymatic principles produced sufficiently accurate results. At higher
creatinine concentrations the situation tended to improve, but only at
very high concentration levels (~300 μmol/L) a consistent percentage of
analytical systems, and therefore of laboratories, succeeded in obtaining
results within the acceptable limits of bias [10].

The aim of our work was to check if and howmuch these standardi-
zation efforts have influenced the results provided by laboratories
participating in the national EQAS Prolarit. EQAS results of year 2006
(pre-) were compared with those of the biennium 2010–2011 (post-
standardization period). Unfortunately the EQAS Prolarit cannot be
classified as category 1 or 2 scheme [11] because the commutability of
the materials is not fully demonstrated. However a target value was
assigned to the EQAS materials for the considered analyte through a
reference like procedure performed by an accredited laboratory. Finally,
an objective criterion was used to assess the quality of measurement
made by laboratories to check their suitability for clinical application.
Moreover, being that the characteristics of the control materials are
similarwith time and the population of the clinical laboratories is stable,
the collected data may be able to show the existence of a possible
positive trend.

2. Materials and methods

2.1. EQAS and results of participating laboratories

Data utilized in this studywere obtained from the results provided by
laboratories participating in the EQAS Prolarit, organized by “Diagnostica
e Ricerca San Raffaele”, Milan. About 430 laboratories from almost all
regions of the country participate in the clinical chemistry scheme. The
scheme uses 12 lyophilized materials, sent in a single shipment, to be
stored at 2–8 °C and measured at bimonthly intervals. EQAS materials
are produced by BioRad (Segrate, Italy); declared homogeneity (variabi-
lity among vials) and stability (degradation in the life's time of the
material) are b1%.

For the scope of the study, results of 12 different control materials
with creatinine concentrations of about 80, 115, 170 and 210 μmol/L
and total protein concentration of about 47, 54, 63 and 72 g/L
respectively, distributed in three different cycles (2006, 2010 and
2011) were considered. For every year, four sets of ~400 results were
obtained, i.e., 1600 results per year, for a total of more than 4000 data.
From these data, only those obtained from homogeneous groups (i.e.,
platform, reagents and calibrators from the same manufacturer) were
retrieved, corresponding to ~250 results per material per year, for a
total of ~3000 results. The data derivation was performed by grouping
homogeneous groups and analytical principles: Table 1 shows the list
of analytical systems included in various method groups. The number
and types of analyzers varied slightly, but not substantially, from year
to year. The only heterogeneous group, both for instrumentations and
reagents, was that defined as “Enzymatic Others”. This group consisted
of methods based on enzymatic principles, but using reagents and
platforms from different manufacturers, with the only exception of
Roche Diagnostics that reached a number of participants large enough
to allow the definition of a specific group. For each group and for each
EQAS material, the mean and inter-laboratory CV, and the bias of the
group mean from the target were calculated after outlier elimination
(i.e., results deviating from the mean N±3SD).

2.2. Evaluation of commutability of EQAS materials

The commutability of controlmaterials used in this studywas verified
according to theC53-Adocument of the Clinical and Laboratory Standards
Institute (CLSI) [12]. In particular, the commutability was evaluated by
comparing the behavior of materials with that of 30 anonymous leftover
samples from single donor [creatinine concentrations:≤100μmol/L (n=
10), between 100 and 220 μmol/L (n=10) and N220 μmol/L (n=10)]
when measured by two analytic methods, using an enzymatic (Cobas
c501, Roche Diagnostics) and an alkaline-picrate (AP) analytical principle
(Advia 2400, Siemens Healthcare Diagnostics), respectively. The control
materials were deemed commutable when their values were inside the
95% prediction interval (95PI) calculated from the Deming regression of
the 30 native samples [12].

2.3. Target value assignment to EQAS materials

The target values to selected EQAS materials were assigned by the
accredited (ISO 17025 and 15195 standards) reference laboratory of
the Centre for Metrological Traceability in Laboratory Medicine
(CIRME) of the University of Milan. Measurements were performed
using a Roche Cobas c501 platform, the CREP2-Creatinine plus ver. 2
reagent (Roche Diagnostics, cod. 03263991, lot no. 661903) and the
two-level matrixed reference material SRM 967a [National Institute
for Standards and Technology (NIST)] as calibrator [value assigned by
isotopic dilution-mass spectrometry (IDMS) ± combined expanded
uncertainty: 74.87 μmol/L ± 1.59 μmol/L and 342.73 μmol/L ±
7.25 μmol/L, respectively] [13]. The analytical performance of the
method was previously evaluated [14]. In particular, a correlation with
IDMSmethod gave the following regression equation: CIRME enzymatic
method=0.997 IDMS — 1.47 μmol/L (r=0.9999).

For target value assignment three different aliquots of each control
material were measured in three different runs (9 results in total). The
mean of each run and the grand mean (mean of the three means)
were calculated. The combined standard uncertainty of each target
value was calculated considering both the measurement imprecision
and the uncertainty of the value assigned to the calibrator SRM 967,
using the formula

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
CV2 þ uSRM2

p
, where CV is the standard uncertainty

derived by the imprecision and the uSRM is the uncertainty of SRM 967
target value (1.06%). From the combined uncertainty, the expanded
uncertainty was estimated using a coverage factor of 2 (confidence
interval=95%).

2.4. Criteria for evaluating quality of analytic performance

Criteria based on biologic variability of creatinine in serum [15] were
employed to derive both the maximum allowable bias (used to evaluate
the performance of themethod/manufacturer groups) and themaximum
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allowable total error (TE) (used to evaluate the performance of individual
laboratories) [16]. Based on these criteria, the maximum allowable bias
was ±4.0% (desirable level) and ±6.0% (minimum quality level), and
the maximum allowable TE was ±8.9% (desirable level) and ±13.4%
(minimum quality level).

2.5. Statistical analysis

All statistics were performed using Microsoft Office Excel 2003,
except for Deming regression that was carried out with the SigmaPlot
v.12 software (Systat Software, Inc.).

3. Results

When testing commutability, all results related to tested EQAS
materials were inside the 95PI of the regression obtained using results
from native human serum samples, then demonstrating a similar
behavior. As an example, the results of commutability experiment
related to the EQAS 2011 materials are shown as supplemental data.

Tables 2 to 5 (top) display the target values (±expanded uncertainty)
assigned to 12 EQAS materials used in the study. It has been postulated
[17] that the uncertainty of target values assigned to control materials
by a reference laboratory should be lower than 20% of the maximum TE
allowed in the scheme, otherwise the variability of the target values
might influence the evaluation of the performance of participating
laboratories. The average uncertainty obtained in our reference laboratory
(2.5%) was indeed b20% of the minimum allowable TE goal (±13.4%),
thus deemed suitable for the aim of the study.

Tables 2–5 also show results on the selected materials obtained by
participating laboratories grouped by method principle/analytical
systems during the three evaluated years of EQA. For each group, the
mean value, bias (in percentage) of the group mean from the target,
inter-laboratory CV and the number of laboratories are shown. For
creatinine concentrations of ~170μmol/L, the results showed an overall
good alignment, with all group means for material H 2011 (except AP
Beckman group) within the desirable bias goal (±4%) (Table 4).
Looking at the materials with higher creatinine concentrations
(Table 5), all biases in 2010 were within the desirable limit; however,
in 2011 some groups employing AP methods worsened their
performance, with the Siemens Advia group showing a relevant
underestimation (−8.4%). Overall, EQAS materials with physiologic
creatinine concentrations (80–115 μmol/L) gave the worse results,
both in terms of interlaboratory CV (very frequently higher than 10%)
Table 2
Results for EQAS materials with creatinine concentrations of about 80 μmol/L for the evaluated

Group Material B 2006 — target value: 79.6 μmol/
L± 1.9 μmol/L

Material A 201
L± 1.9 μmol/L

Mean, μmol/L Biasa CVb n Mean, μmol/L

Enzymatic Roche 78.7 −0.9% 1.6% 4 67.2
Enzymatic Others – – – – 69.0
AP Beckman 82.2 3.3% 4.2% 11 68.1
AP Biotecnica 92.8 17.3% 9.9% 12 88.4
AP Dimension 84.9 6.4% 13.3% 10 77.8
AP Roche Hitachi 86.6 8.7% 7.1% 26 71.6
AP IL 100.8 26.4% 11.5% 19 82.2
AP Roche Integra 86.6 8.8% 9.7% 12 74.3
AP Kone 87.5 10.2% 9.8% 15 81.3
AP Beckman AU 89.3 12.1% 4.0% 14 84.9
AP ABX 76.9 −2.7% 10.7% 8 79.6
AP Siemens Advia 96.4 21.4% 11.7% 2 87.5

AP, alkaline-picrate method; IL, Instrumentation Laboratory.
a In italics, bias N desirable quality level; in bold, bias Nminimum quality level.
b Inter-laboratory variability.
and bias, with a positive bias (up to 20%) often present for systems
using AP methods (Tables 2 and 3).

Unexpectedly, the standardization of most analytical systems did
not show a major improvement from the pre- (2006) to the post-
standardization period (2010–2011). The only exceptions were repre-
sented by AP-based Roche systems (both Hitachi and Integra) and by
AP-based Instrumentation Laboratory systems, the latter group,
however, still showing in 2011 an apparent relevant systematic error
(+12.8%) at creatinine concentrations of 88.4 μmol/L (material B
2011). On the other hand, in the post-standardization period the enzy-
matic groups always showed an acceptable bias, independently of
creatinine concentrations. Moreover, these two groups also showed
the lowest CV among laboratories.

Fig. 1a and b summarizes these results showing an overall very
limited effect of the standardization effort for the AP-based methods.

As creatinine measurements were performed by individual labo-
ratories participating to the EQAS, we could not exclude that a poor
local attitude, in principle not related to the basic performance of the
employed analytic system, influenced the quality of obtained results.
Consequently, we finally decided to focus on the performance of indi-
vidual laboratories and the analytic quality of their creatinine measure-
ments by evaluating results of more recently analyzed EQAS materials
with physiologic and borderline concentrations [B 2011 (assigned
value, 88.4 μmol/L) and D 2011 (assigned value, 123.8 μmol/L)] vs. the
desirable goal for TE (±8.9%). Fig. 2 reports as Youden plots the
corresponding results by laboratories using enzymatic assays and
those using AP assays. Notwithstanding the marked difference in size
of two groups, itwas evident that the vastmajority (87%) of laboratories
using systems employing enzymatic assays were able to fulfill the
desirable performance, while only one third of laboratories using AP-
based systems were able to meet the target.

4. Discussion

4.1. Study limitations

In our study there are two main limitations:

Target value assignment to EQAS materials: The method used to assign
the target values (enzymatic assay calibrated against the NIST SRM
967) is not one of the JCTLM listed methods.
Evaluation of commutability of EQAS materials: It was not possible to
demonstrate the commutability of our control material in a comparison
between the IDMS method and our enzymatic method. For this reason
years.

0 — target value: 71.6 μmol/ Material B 2011— target value: 88.4 μmol/
L± 2.1 μmol/L

Bias CV n Mean, μmol/L Bias CV n

−5.7% 3.9% 8 87.5 −1.2% 5.5% 11
−3.3% 1.6% 8 87.5 −1.2% 5.9% 19
−4.6% 14.9% 11 91.9 4.0% 7.7% 5
24.0% 9.8% 9 97.2 10.0% 12.2% 14
9.3% 7.8% 11 94.6 6.9% 8.7% 19
0.6% 7.0% 23 92.8 4.4% 5.5% 36

14.9% 10.3% 27 99.9 12.8% 8.7% 46
3.8% 11.2% 15 89.3 1.0% 7.6% 23

14.5% 11.2% 10 106.1 19.5% 13.6% 7
19.4% 5.7% 16 103.4 16.4% 3.9% 14
11.4% 16.0% 9 93.7 5.4% 7.6% 10
23.3% 8.3% 5 99.9 12.8% 10.4% 11



Table 3
Results for EQAS materials with creatinine concentrations of about 115 μmol/L for the evaluated years.

Group Material D 2006 — target value: 122.9 μmol/
L± 2.7 μmol/L

Material C 2010 — target value: 106.1 μmol/
L± 2.3 μmol/L

Material D 2011 — target value: 123.8 μmol/
L± 3.6 μmol/L

Mean, μmol/L Biasa CVb n Mean, μmol/L Bias CV n Mean, μmol/L Bias CV n

Enzymatic Roche 114.0 −7.4% 5.9% 3 105.2 −1.1% 2.6% 6 122.0 −1.5% 7.4% 9
Enzymatic Others – – – – 105.1 −1.1% 2.1% 9 121.1 −2.2% 8.3% 14
AP Beckman 129.9 5.7% 20.0% 10 107.8 1.7% 10.2% 13 122.0 −1.6% 4.9% 8
AP Biotecnica 124.8 1.6% 14.7% 14 121.1 13.8% 6.1% 14 139.7 12.5% 6.7% 13
AP Dimension 125.5 2.3% 6.6% 10 109.6 3.3% 6.7% 13 128.2 3.1% 5.7% 16
AP Roche Hitachi 134.4 9.6% 3.5% 26 110.5 3.6% 3.9% 30 129.1 4.1% 6.7% 32
AP IL 137.9 12.3% 7.3% 17 114.0 7.3% 6.2% 51 127.3 3.0% 8.1% 51
AP Roche Integra 129.9 6.1% 5.8% 15 107.0 0.5% 7.4% 23 124.6 0.8% 6.4% 23
AP Kone 125.5 2.2% 5.0% 15 117.6 10.7% 20.0% 11 134.4 8.2% 7.3% 7
AP Beckman AU 133.5 8.9% 4.8% 15 119.3 11.9% 4.0% 22 129.9 4.7% 7.8% 21
AP ABX 123.8 0.9% 10.7% 8 110.5 3.7% 15.9% 11 126.4 2.2% 9.8% 11
AP Siemens Advia 142.3 15.8% 14.8% 6 116.7 9.5% 7.8% 11 131.7 6.3% 7.0% 9

AP, alkaline-picrate method; IL, Instrumentation Laboratory.
a In italics, bias N desirable quality level; in bold, bias Nminimum quality level.
b Inter-laboratory variability.
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even if the Roche creatinine enzymatic method proved to be efficient
and not highly affected by commutability problems [18,19], we cannot
exclude that the assigned values may be affected by some non-
commutability derived bias.

Moreover the commutability was not checked systematically for all
materials and all methods.

4.2. General considerations

Recently, it has been underlined that an effective implementation of
standardization in clinical practice requires not just the definition of a
whole reference measurement system, including reference measure-
ment procedures, reference materials and accredited reference
laboratories, but also the availability of traceable reference intervals
and/or decision limits and of an appropriately organized analytical
quality control in order to evaluate the performance of commercial
systems and of clinical laboratories using them [20]. The reference
measurement system for creatinine measurement in serum is now
well defined in all its components [5,6], including the definition of
appropriate reference intervals for its adoption [21,22]. On the other
hand, a well structured EQAS, allowing an adequate and systematic
post-market surveillance of the performance of commercial creatinine
measuring systems and of laboratories using them, is often lacking
Table 4
Results for EQAS materials with creatinine concentrations of about 170 μmol/L for the evaluate

Group Material G 2006 — target value: 164.4 μmol/
L± 4.1 μmol/L

Material H 20
L±5.2 μmol/

Mean, μmol/L Biasa CVb n Mean, μmol/L

Enzymatic Roche 168.0 2.0% 5.5% 8 168.8
Enzymatic Others – – – – 168.0
AP Beckman 170.6 3.7% 4.5% 17 171.5
AP Biotecnica 161.8 −1.7% 11.6% 14 180.3
AP Dimension 166.2 0.7% 7.3% 18 175.0
AP Roche Hitachi 175.0 6.2% 3.8% 33 174.1
AP IL 172.4 4.5% 5.2% 29 174.1
AP Roche Integra 169.7 3.1% 5.6% 18 169.7
AP Kone 163.5 −0.4% 9.2% 15 176.8
AP Beckman AU 170.6 3.8% 4.8% 19 180.3
AP ABX 160.9 −2.2% 7.0% 12 169.7
AP Siemens Advia 169.7 2.8% 7.6% 9 172.4

AP, alkaline-picrate method; IL, Instrumentation Laboratory.
a In italics, bias N desirable quality level; in bold, bias Nminimum quality level.
b Inter-laboratory variability.
[23–25]. With some exceptions, current EQAS are not appropriate to
evaluate the traceability of results obtained in clinical laboratories. In
fact, the control materials are often not commutable and EQAS too
often use consensus-based (i.e., the peer groupmean or other indicators
for the central tendency) instead of accuracy-based criteria (i.e., target
values assigned by the reference procedure) to evaluate the perfor-
mance of participating laboratories [23].

Finally, acceptability limits for such performance, if any, are usually
based on criteria of low hierarchical level, such as goals based on the
state of the art of themeasurement or set by regulatory bodies, ignoring
the impact of measurement performance on the medical use of results.
4.3. Specific comments

Evenwith some relevant limitationswe can draw some conclusions.
The presented data indicate a trend of the allmethodmeans to converge
towards the assigned target values. For creatinine concentrations of
about 80 μmol/L for the AP-based methods the % bias reduced from
11.4% in 2006 to 9.0% in 2011, for concentration of about 115 μmol/L
from 6.6% to 3.9%, at about 170 μmol/L from 2.9% to 0.1% and at
210 μmol/L from 2.3% to −3.2% (Fig. 1a). Protein concentration,
increasing from 47 to 72g/L, respectively for creatinine concentrations
of 80 to 210 μmol/L, being lower at lower creatinine concentration
d years.

10 — target value: 174.1 μmol/
L

Material H 2011 — target value: 174.1 μmol/
L± 4.0 μmol/L

Bias CV n Mean, μmol/L Bias CV n

−3.3% 3.7% 8 170.6 −2.3% 6.3% 8
−3.8% 4.8% 8 168.8 −3.0% 4.8% 17
−1.5% 5.2% 17 163.5 −6.5% 5.9% 7

3.1% 8.5% 16 180.3 3.2% 6.1% 13
0.5% 5.3% 14 174.1 −0.4% 6.7% 16
0.0% 4.3% 30 175.0 0.4% 3.4% 34

−0.2% 6.4% 52 174.1 −0.4% 6.7% 49
−3.0% 5.2% 24 168.0 −3.9% 4.6% 22

1.5% 7.0% 8 177.7 2.0% 8.8% 6
3.5% 5.8% 24 177.7 2.0% 4.3% 19

−2.5% 6.7% 11 175.9 1.0% 6.4% 9
−1.2% 10.8% 9 175.9 1.0% 7.3% 11



Table 5
Results for EQAS materials with creatinine concentrations of about 210 μmol/L for the evaluated years.

Group Material J 2006 — target value: 210.4 μmol/
L± 5.0 μmol/L

Material I 2010— target value: 191.8 μmol/
L± 5.5 μmol/L

Material K 2011— target value: 227.2 μmol/
L± 5.2 μmol/L

Mean, μmol/L Biasa CVb n Mean, μmol/L Bias CV n Mean, μmol/L Bias CV n

Enzymatic Roche 206.0 −2.2% 3.2% 8 187.4 −2.3% 2.8% 6 221.0 −2.6% 2.2% 10
Enzymatic Others – – – – 190.1 −0.9% 3.7% 8 220.1 −3.1% 3.3% 15
AP Beckman 217.5 3.0% 5.8% 15 190.9 −0.4% 6.2% 13 219.2 −3.7% 4.8% 8
AP Biotecnica 205.1 −2.7% 11.1% 12 198.9 3.7% 4.8% 14 215.7 −5.2% 8.0% 15
AP Dimension 216.6 2.7% 7.1% 16 197.1 2.9% 3.6% 14 221.9 −2.5% 3.2% 18
AP Roche Hitachi 225.4 7.2% 4.4% 34 193.6 1.2% 3.3% 29 225.4 −1.0% 3.9% 34
AP IL 220.1 4.4% 4.3% 30 186.5 −2.7% 5.8% 51 218.3 −4.0% 7.2% 51
AP Roche Integra 213.9 1.6% 5.2% 21 185.6 −3.0% 5.5% 23 215.7 −5.1% 5.5% 22
AP Kone 204.2 −3.0% 7.1% 15 187.4 −2.3% 9.7% 10 227.2 −0.3% 9.2% 7
AP Beckman AU 217.5 3.4% 4.1% 23 198.0 3.3% 5.8% 23 226.3 −0.4% 6.5% 23
AP ABX 202.4 −4.0% 11.3% 20 185.6 −3.3% 7.1% 11 215.7 −5.3% 6.8% 12
AP Siemens Advia 209.5 −0.7% 5.5% 7 186.5 −2.6% 6.4% 9 208.6 −8.4% 8.0% 9

AP, alkaline-picrate method; IL, Instrumentation Laboratory.
a In italics, bias N desirable quality level; in bold, bias Nminimum quality level.
b Inter-laboratory variability.

104 A. Carobene et al. / Clinica Chimica Acta 427 (2014) 100–106
levels, probably did not influence the bias of the AP-based methods. On
the contrary it may have attenuated it.

We cannot claim that these biases really represent the performance
of the methods on clinical samples, because it is possible that part of
this bias could derive from unspecific signal related to the non-
commutability of the materials.

But the matrix of the materials remained the same during the years
so the data are comparable across time. These moderate improvements
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Fig. 1. Percent bias of overall means for the two method macro-categories based on a
different analytic principle: AP (a) and enzymatic (b). The dotted and the dashed line
indicate the maximum acceptable bias at desirable (±4.0%) and at minimum quality
level (±6.0%), respectively.
are in line with the introduction of a “compensation” factor by some
manufacturers of AP-based methods and with the alignment to the
IDMS calibration.

So the improvement of the quality of creatinine measurement has
started, but, at least in Italy, the effects are reaching the majority or
laboratories quite slowly.

The poor analytical specificity of AP-based methods is known from
many years [26]. As a result of reaction with plasma pseudo-creatinine
chromogens, including proteins, ketones and glucose, methods based
on AP reaction may overestimate true serum creatinine concentrations,
inducing proportionally greater errors at values lower than 120 μmol/L
[27]. This still remains true even after potential elimination of the assay
calibration error by alignment to the reference system. In other word,
standardization through traceability implementation does not solve the
analytical interferences related to an assay's non-specificity [5,27]. The
ISO 17511 standard clearly states that, if the reference measurement
procedure and corresponding lower-order routine methods have not
identical, specificities for the measurand, or at least very similar,
traceability cannot be obtained [28].

Trying to solve the problem, some manufacturers marketing AP-
based systems have adjusted the calibration by introducing a constant
negative offset to “compensate” this error. For example, in the Roche
Integra compensated AP assay, a concentration of 18 μmol/L is
automatically subtracted from each result [29]. Our data show that
this approach may undoubtedly improve the overall alignment of
obtained results, especially at creatinine concentrations where the
non-specificity effect is more evident (Tables 2 and 3). However, the
application of this offset may create a paradoxical effect on higher
creatinine concentrations, because of a combined effect with the slope
of calibration curve, with a significant underestimation at these still
clinically relevant creatinine values (see results of Roche Integra and
Siemens Advia groups in Table 5). In general, the use of analytic systems
using assays providing lower specificity makes the standardization very
difficult or even impossible [30,31]. This issue, together with the high
prevalence of laboratories still using these methodologies, may explain
why the quality of creatinine determination in Italy is still far frombeing
optimal.

Our picture could have been worsened by some non-commutability
phenomena. In fact AP-based methods, being less specific, are more
sensitive to possible anomalous components of the matrix of processed
materials. A further source of bias could have been introduced by the
value assignment performed with an enzymatic method and not with
an IDMS method, this fact cannot be excluded completely, but enzy-
matic methods and particularly Roche enzymatic methods proved
their robustness in several occasions [18,19].
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These facts could have contributed to the higher dispersion of the
AP-based methods results shown in Fig. 2, however just the high
interlaboratory variability within a specific method group (frequently
higher than 10%, see Tables 2 and 3) is sufficient to produce a substantial
proportion of data outside the ±8.9% TE.

Enzymatic methods are not completely free of defects, but largely
eliminate analytical non-specificity and their superiority has been proved
and constantly confirmed [18,30–32]. In addition, their use can also
significantly improve the precision of creatinine measurement [27,33].
In our study, the evaluation of the variability of results within different
groups confirmed a lower inter-laboratory CV for the enzymatic groups.
It is particularly relevant that, even though the “Enzymatic Others”
group was quite heterogeneous in the composition [in 2011 several
different manufacturers were included: Instrumentation Laboratory
(n = 7), Beckman Coulter (n = 5), Siemens Healthcare Diagnostics
(n=4) and 2 Abbott (n=2)], its reported CVs were lower than those
of more homogeneous AP-based groups. We should, however, highlight
that enzymatic assays were also not perfectly aligned to our reference,
showing during 2011 an average bias of −2.1%, which was very stable
at different tested concentrations. This implies that also standardization
of enzymatic assays can further be improved. As a positive signal, the
number of laboratories participating to EQAS Prolarit using enzymatic
methods is increasing: in 2006 only 4 laboratories (~1%) were using
enzymatic methods, while in 2011 they were 25 (7.0% of the total).
5. Conclusions

The main aim of this study was to evaluate the impact of the recent
standardization process on the quality of creatinine measurement in
Italy. With few exceptions, the obtained results did not show significant
differences between 2006 and the most recent years. Compared to
previous reports [10], some improvement can be noticed, especially for
some groups of systems and for intermediate concentration values. The
wide use of AP-based methods represents today a major obstacle to the
achievement of the analytical quality needed for the optimal clinical
use of such an important test. The evidence in favor of the adoption of
enzymatic assays, presenting the necessary analytical specificity, is
undeniable. As already said [27], it is our belief that AP-based assays
should be abandoned. Taking this step by our profession becomes now
not only a technological duty, but also an ethical obligation [34].
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