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Abstract

Background: The international initiative to standardize creatinine (Cr) assays by tracing reference materials to Isotope
Dilution Mass Spectrometry (IDMS) assigned values was implemented to reduce interlaboratory variability and improve assay
accuracy.

Objective: The aims of this study were to examine whether IDMS standardization has improved Cr assay accuracy (bias),
interlaboratory variability (precision), total error (TE), and attainment of recommended analytical performance goals.
Methods: External Quality Assessment (EQA) data (n = 66 challenge vials) from Ontario, Canada, were analyzed. The bias,
precision, TE, and the number of EQA challenge vials meeting performance goals were determined by assay manufacturer before
(n = 32) and after (n = 34) IDMS implementation.

Results: The challenge vials with the worst bias and precision were spiked with known common interfering substances
(glucose and bilirubin). IDMS standardization improved assay bias (10.4%-1.6%, P < .001), but precision remained unchanged
(5.0%-4.7%, P = .5) with performance goals not consistently being met. Precision and TE goals based on biologic variation
were attained by only 29% to 69% and 32% to 62% of challenge vials.

Conclusions: While IDMS standardization has improved Cr assay accuracy and thus reduced TE, significant interlaboratory
variability remains. Contemporary Cr assays do not currently meet the standards required to allow for accurate and
consistent estimated glomerular filtration rate assessment and chronic kidney disease diagnosis across laboratories. Further
improvements in Cr assay performance are needed.

Abrégé

Mise en contexte: L'initiative internationale visant a standardiser les épreuves de dosage de la créatinine par le tragage des
substances de référence aux valeurs qui leur sont assignées par spectrométrie de masse a dilution isotopique (IDMS) a été
mise en ceuvre dans le but de réduire la variabilité inter-laboratoires et d’'améliorer la précision de I'essai lui-méme.
Objectifs de ’étude: Cette étude visait a déterminer si la standardisation par IDMS parvenait a améliorer I'exactitude
de I'épreuve de dosage de la créatinine (biais), a réduire la variabilité inter-laboratoires (précision) et si elle contribuait a
Patteinte des objectifs recommandés en matiére de performance analytique.

Méthodologie: On a analysé les données de I'assurance externe de la qualité (AEQ) provenant de I'Ontario, au Canada. Le
biais, 'exactitude, I'erreur totale ainsi que le nombre de fioles d’épreuves provenant du AEQ atteignant les objectifs d’erreurs
ont été déterminés par le fabricant de I'épreuve avant et apreés la mise en ceuvre de I'IlDMS.

Résultats: Les essais enzymatiques ont obtenu des résultats plus précis et des valeurs d’erreur totale inférieures. Les fioles
d’épreuves qui présentaient la plus faible précision et le plus fort biais étaient celles a qui I'on avait ajouté des substances
connues pour créer de linterférence (glucose et bilirubine). La standardisation par IDMS a permis d’améliorer le biais lié a
I’épreuve (de 10,4% a 1,6%, P < 0,001), mais n’a pas affecté la précision qui est demeurée faible (5,0 a 4,7%, P = 0,5). De plus,
les objectifs de performance n’ont pas toujours été atteints: les objectifs de précision et d’erreur totale établis en tenant
compte des variations biologiques ont été atteints par seulement 29 a 69% et 32 a 62% des fioles d’épreuves.
Conclusions: Bien que la standardisation par IDMS ait réduit les valeurs d’erreur totale obtenues lors des épreuves de
dosage de la créatinine et ait amélioré la précision de I'essai, une variabilité inter-laboratoires significative subsiste dans les
résultats. A ce jour, les épreuves de dosage de la créatinine ne rencontrent toujours pas les standards exigés pour permettre
une mesure précise et homogéene du débit de filtration glomérulaire estimé et le diagnostic de I'insuffisance rénale chronique
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dans tous les laboratoires. Par conséquent, des améliorations supplémentaires en ce qui concerne la performance des

épreuves de dosage de la créatinine s’avérent nécessaires.
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What was known before

Analytical performance limitations of serum creatinine (Cr)
assays have been long recognized. Standardization of Cr
assays using Isotope Dilution Mass Spectrometry (IDMS)
assigned reference materials is an international initiative to
improve assay accuracy and reduce interlaboratory variabil-
ity. Data on the impact of this initiative on Cr assay perfor-
mance and attainment of analytical performance goals are
lacking.

What this adds

Our study demonstrates that interlaboratory variation of Cr
assays still exists despite IDMS standardization and that rec-
ommended analytical performance goals are not consistently
being met. The results demonstrate the need for further ana-
lytical improvements in Cr measurement to allow for consis-
tent and more accurate chronic kidney diagnosis and serial
monitoring of kidney function across laboratories.

Background

Serum or plasma creatinine (Cr) is the most common bio-
marker used to assess kidney function and is included in
most glomerular filtration rate (GFR) estimation equations. '
In many countries, laboratories report an estimated GFR
(eGFR) when Cr is ordered. Among other things, the eGFR
is used to diagnose, classify, and monitor the progression of
chronic kidney disease (CKD).

Inaccuracy (bias) and interlaboratory variability (preci-
sion) in Cr have been well documented and discussed.”” The
analytical variability is multifactorial and attributed to differ-
ences in (1) methods (Jaffe vs enzymatic) with different
biases, method precision, and susceptibility to interferences
(medications, other endogenous molecules such as bilirubin,
glucose, ketones, proteins); (2) assay manufacturers with
heterogeneous reference materials and procedures; (3) plat-
forms (instruments, models) with different performance

characteristics; inherent measurement
uncertainties.>*’

Nonstandardized calibration of Cr assays was identified
as one of most important modifiable factors contributing to
measurement inaccuracy and interlaboratory variability in
the 2006 National Kidney Disease Education Program
(NKDEP) Laboratory Working Group report.” To address
this, Isotope Dilution Mass Spectrometry (IDMS) was cho-
sen as a high-order reference method, and the practice of
tracing assay reference materials against IDMS-assigned
values has since been progressively implemented interna-
tionally by most manufacturers.**

Another potentially modifiable factor contributing to inter-
laboratory variability and assay inaccuracy is assay specificity
(ability to measure unequivocally the analyte of interest in the
presence of other components that may be present).”’ Assay
nonspecificity is a well-documented problem with Cr assays.
There are numerous known endogenous and exogenous sub-
stances that interfere with Cr assays.>’ At different times, indi-
vidual patients may have different types and amounts of
interfering substances, and their impact will differ at different
concentrations and with different assay types.”” Enzymatic
methods have been shown to have an improved specificity as
compared with Jaffe methods and require smaller sample vol-
umes but are considerably more expensive.®”” It is important
to note that the nonspecificity and other contributors to assay
precision (pipetting, reagents, temperature fluctuations, etc)
are not expected to be impacted by IDMS standardization.’

Overall assay performance is assessed by its total error
(TE), which combines both accuracy and precision. Total
error allowable (TE,) performance goals (minimum, desir-
able, and optimum) are often based on the analyte’s day-to-
day biologic variation.'” For Cr, the “desirable” proposed TE,
is <7.0%, with bias <3.4% and analytical precision <2.2%."
In 2006, the NKDEP Laboratory Working Group advocated
for more “realistic” goals of <5% for bias and <8% for preci-
sion for Cr values >88.4 umol/L.* This translates to a TE, of
18% for Cr and a “clinically acceptable” corresponding TE,
of <10% for eGFRs <60 mL/min/1.73 m”> They do not

and (4) other
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specify performance goals for lower Cr values, commenting
that manufacturers should improve assay precision for Cr
<88.4 umol/L.?

Using laboratory data from Canada before IDMS stan-
dardization, Komenda et al’ showed a very high average TE
of 24% and significant interlaboratory variability (TE rang-
ing from 4% to 54%). Data from a variety of other countries
suggest that IDMS standardization has not always resulted in
consistent improvement in Cr measurement.””'"'* No study
has examined whether performance goals for Cr are cur-
rently being attained on a large scale.

The aims of this study were to determine whether implemen-
tation of IDMS standardization has reduced interlaboratory
variability and resulted in improved attainment of recommended
TE, goals by analyzing the Quality Management Program—
Laboratory Services (QMP-LS), External Quality Assessment
(EQA) Cr data before and after IDMS implementation in
Ontario, Canada.”? QMP-LS is a mandated provincially funded
proficiency testing program which is responsible for assessing
the quality of all licensed Ontario laboratories and since 2014 is
called the Institute for Quality Management in Healthcare."

Methods

Data

Data were recorded from the QMP-LS EQA program survey
reports from 2004 to 2012."> QMP-LS provides 3 challenge
vials of fresh frozen sera to approximately 200 laboratories
in Ontario in January, May, and October of each year. For
each challenge vial, it compiles the resulting data by manu-
facturers and/or methods and compares the measured values
against reference values, all methods’ means (AMM), or peer
group means (PGM)." Data for individual laboratories are
not available in the generic survey reports. QMP-LS started
using IDMS-assigned Cr values for each challenge vial in
May 2008. Prior to this change, reference values were
obtained by high-performance liquid chromatography
(HPLC). Between May 2008 and January 2010, there was a
transition period during which Ontario laboratories con-
verted to IDMS traceable methods.

Analysis

Data from all challenge vials between 2004 and 2012 were
collected, collated, and analyzed. For each challenge vial, we
compared the AMM and PGM with the assigned reference
value examining both bias and precision. The bias was
assessed as the percentage difference [bias = (AMM — refer-
ence value) x 100 / reference value]. The precision was
assessed as the coefficient of variation (CV, = standard devi-
ation / AMM) x 100). The same calculations and compari-
sons of Cr data were done separately for each of the 3 main
manufacturers (PGM) in use during this time period—Ortho
Clinical Diagnostics (OCD), Beckman Coulter, and Roche

BMC—and TE was calculated (TE = |(% bias)| + 1.65 x
CV,) for each manufacturer.'’ Mean bias, CV,, and TE were
compared pre-IDMS (prior to May 2008) and post-IDMS
(after May 2008) using 2-tailed ¢ tests assuming unequal
variances.

To examine with greater granularity, the impact of IDMS
traceability, we calculated overall method bias, precision,
and TE in IDMS versus non-IDMS traceable laboratories
during the transitional period between May 2008 and January
2010 (n = 16 challenge samples). This provides us with data
that have less contamination than the single time point of
May 2008.

QMP-LS data do not allow for the determination of the
number of individual laboratories achieving performance
goals. However, the number and percentage of challenge
vials where the specific manufacturer bias, CV,, and TE met
biologic variation (TE, < 7.0%, bias < 3.4%, and precision <
2.2%), and NKDEP performance goals (TE, < 18%, bias <
5%, and precision < 8% for Cr > 88.4 umol/L) before and
after May 2008 were calculated.®'” A 2-tailed Fisher’s exact
test was used to compare the proportions.

Results

There were 72 QMP-LS challenge vials between January
2004 and January 2012. Six challenge vials were excluded
from the analysis as reference values were not provided on
survey reports. The final study results are therefore based
on data from a total of 66 challenge vials. The mean num-
ber of participating laboratories was 186 + 11. The 3 manu-
facturers that were most represented per challenge vial
were OCD (n = 105 + 15), Beckman Coulter (n = 28 + 3),
and Roche BMC (n = 18 + 3). There were 31 + 15 laborato-
ries using a total of 4 other manufacturers per challenge
vial.

Bias

All method and by manufacturer biases are shown in Figure
la and Table 1. The AMM bias fell from 10.4% + 4.2% prior
to May 2008 to 1.6% + 3.3% after May 2008 (P < .001).
Among the manufacturers, OCD improved the most with its
mean bias decreasing from 13.6% to 3.8%, while the mean
Beckman Coulter bias changed from +5.8% to —4.3%. There
were 2 challenge vials with particularly elevated AMM
biases: one challenge vial (#25, Cr 86 pmol/L) was spiked
with bilirubin (108 pmol/L) and the other (#53, Cr 79
pmol/L) had an elevated glucose (16.6 mmol/L) (Figure 1a).
Both had low Cr values, where the impact of interferences is
more pronounced.’”’

Precision

Summary data for precision are shown in Figure 1b and
Table 1. There was no improvement in overall precision with
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Figure 1. Bias (a) and precision (b) of creatinine AMM for test vials from January 2004 to January 2012.
Note. Solid lines (mean) and dashed lines (standard deviation) before (®) and after (O) May 2008. Arrows indicate challenge vials with very poor biases

and precisions and known interfering substances. AMM = all methods’ means.

the mean CV, remaining unchanged (5.0% vs 4.7%) pre- and
post-May 2008 (P =.58). Only 1 of the 3 main manufacturers
(OCD) showed an improvement in assay precision.
Examination of Figure 1b reveals 3 challenge vials (#25,
#27, #31), where the mean precision was very poor (CV, >
10%). All 3 of these challenge vials were spiked with biliru-
bin (108, 245, and 148 pmol/L) and had low Cr values (86,
119, and 96 pmol/L).

Total Error

TE improved significantly only for OCD from 18.6% to
7.5% (P <.001) pre- and post-May 2008 (Table 1).

Transition Time Bias/Precision/TE

There were 16 challenge vials during the transition period
with available data according to whether laboratories had

IDMS traceable assays or not (Table 2). No significant
change in precision was observed when assessed by the man-
ufacturer. Bias and TE improved with IDMS traceability for
OCD only.

Analytical Performance Goals

Before May 2008, the bias, precision, and TE were within
desirable performance goals based on biologic variation in
only a small minority of challenge vials (Table 3). OCD’s
enzymatic assay using dry slide technology did not meet bias
goals in any challenge vial before May 2008 but this
increased to 65% after May 2008. Roche BMC assays
achieved bias targets more frequently than the other manu-
facturers before May 2008 likely because they had already
instituted IDMS traceability by then. Beckman Coulter bias
did not improve significantly. Beckman Coulter had the
poorest results with an average TE, target achieved in 15%
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Table I. QMP-LS Bias, Precision (CV,), and TE Before and After May 2008.

Mean % bias (SD) Mean CV, (%) Mean TE (%)

Pre-May  Post-May Pre-May Post-May Pre-May Post-May
Instrument 2008 2008  Pvalue 2008 2008  Pvalue 2008 2008 P value
All methods® 104 (42) 1.6(3.3) <.00l 5.0 47 .582 18.6 10.5 <.001
Ortho Clinical® Diagnostics (enzymatic) 13.6 (6.8) 3.8(4.2) <.00l 3.0 2.1 .040 18.6 7.5 <.001
Beckman Coulter® (modified Jaffe) 58(3.8) -4.3(7.0) <.00l 4.0 38 .801 12.3 12.7 .825
Roche BMC® (enzymatic and modified Jaffe) 4.3 (4.3) 0.1 (4.2) <.00I 38 3.0 109 10.0 83 .160

Note. QMP-LS = Quality Management Program—Laboratory Services; CV, = coefficient of variation; TE = total error.

*All methods: n = 32 challenge vials pre-May 2008 and n = 34 challenge vials post-May 2008.

®Specific manufacturers: % Bias (n = 23 challenge vials pre-May 2008, n = 34 challenge vials post-May 2008), CV,, and TE (n = 20 challenge vials pre-May
2008, n = 34 challenge vials post-May 2008). The number of challenge vials pre-May 2008 for specific manufacturer is lower than for all methods as QMP-
LS reports did not present results by manufacturer for 12 of the challenge vials.

Table 2. QMP-LS Bias, Precision (CV,), and TE During IDMS Transition (May 2008-January 2010); 184 to 188 Laboratories; 10 to 16
Challenge Vials.

Mean % bias (SD) Mean CV, (%) Mean TE (%)

Instrument No IDMS ~ With IDMS Pvalue No IDMS With IDMS Pvalue NolIDMS WithIDMS P value

Ortho Clinical Diagnostics 7.9 (11.8) 39(48) .002 23 2.1 295 224 7.5 <.001
(enzymatic)

Beckman Coulter (modified 3.8 (5.0) -43(88) .0I0 42 42 .982 1.4 15.0 336
Jaffe)

Roche BMC (enzymatic and NA* 1.2 (3.3) NA® 3.1 NA® 77
modified Jaffe)

Note. Data are presented for laboratories with and without IDMS standardization. Ortho Clinical Diagnostics: No IDMS, n = 12 challenge vials; With
IDMS, n = 14 challenge vials. Beckman Coulter: No IDMS, n = 10 challenge vials; With IDMS, n = 14 challenge vials. Roche BMC: With IDMS, n = 16
challenge vials. ‘Roche BMC had already transitioned to IDMS traceable assays by May 2008. QMP-LS = Quality Management Program—Laboratory
Services; CV, = coefficient of variation; TE = total error; IDMS = Isotope Dilution Mass Spectrometry; NA = not available.

Table 3. Percentage of QMP-LS Challenge Vials Meeting Biologic Variation—Related Analytical Performance Goals: Pre- and Post-May
2008.

% challenge vials with
mean % bias < 3.4%

% challenge vials with mean
CV, <2.2%

% challenge vials with mean
TE <7.0%

Pre-May Post-May Pre-May Post-May Pre-May Post-May

Instrument 2008 2008  Pvalue 2008 2008 P value 2008 2008 P value
Ortho Clinical® Diagnostics (enzymatic) 0 65 <.001 45 65 254 5 59 <.001
Beckman® Coulter (modified Jaffe) 22 35 379 25 29 1.000 15 32 .208
Roche BMC® (enzymatic and modified Jaffe) 57 65 .587 15 29 329 25 44 244

Note. QMP-LS = Quality Management Program—Laboratory Services; CV, = coefficient of variation; TE = total error.
*Specific manufacturers: % Bias (n = 23 challenge vials pre-May 2008, n = 34 challenge vials post-May 2008), CV,, and TE (n = 20 challenge pre-May 2008,
n = 34 challenge vials post-May 2008).

(pre-May 2008) and 32% (post-May 2008) of challenge
vials. Overall, TE improved significantly for OCD only
reflecting improvements in both bias and CV,. Roche BMC
and Beckman Coulter did not show significant improvement
in TEs.

goals, and only OCD demonstrated significant improvement
in bias and TE after May 2008.

Discussion

More challenge vials attained the less stringent precision
and TE goals of the NKDEP Laboratory Working Group
(Table 4). Only 47% to 71% of challenge vials reached bias

This study demonstrates that, despite improvement in Cr
assay bias with implementation of IDMS standardization,
bias performance goals, as proposed by the NKDEP
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Table 4. Percentage of QMP-LS Challenge Vials Meeting NKDEP’s Analytical Performance Goals: Pre- and Post-May 2008.

% challenge vials with mean

%bias < 5%

% challenge vials with mean
CV, < 8%

% challenge vials with mean
TE < 18%

Pre-May Post-May

Pre-May Post-May Pre-May Post-May

Instrument 2008 2008  Pvalue 2008 2008 P value 2008 2008 P value
Ortho Clinical® Diagnostics (enzymatic) 13 71 <.001 95 100 .370 55 100 <.001
Beckman® Coulter (modified Jaffe) 39 47 .597 95 97 1.0 90 82 .695
Roche BMC® (enzymatic and modified Jaffe) 6l 71 .569 95 100 .370 90 100 133

Note. QMP-LS = Quality Management Program—Laboratory Service; NKDEP = National Kidney Disease Education Program; CV, = coefficient of variation;

TE = total error.

*Specific manufacturers: % Bias (n = 23 challenge vials pre-May 2008, n = 34 challenge vials post-May 2008), CV,, and TE (n = 20 challenge pre-May 2008,

n = 34 challenge vials post-May 2008).

Laboratory Working Group, are not being reached consis-
tently by all manufacturers (47%-71% of challenge vials). As
expected, individual manufacturer assay precision is mostly
unchanged with IDMS standardization as the provision of
traceable reference materials will have no impact on assay
nonspecificity due to interfering factors or on the other con-
tributors to assay precision such as instrument performance,
reagents characteristics, pipetting, temperature fluctuations,
and so on. Because the NKDEP precision goal is generous at
<8%, most EQA challenges meet these goals as well as the
corresponding TE, goal. Precision and TE, goals based on
biologic variation are attained by only 29% to 69% and 32%
to 62% of challenge vials. Overall, OCD’s enzymatic assay
EQA performance is the strongest of the manufacturers with
the lowest bias, best precision, and lowest TE. The challenge
vials with the worst bias and precision were spiked with
known interfering substances (glucose and bilirubin), high-
lighting the ongoing problems with assay nonspecificity.

There are very few studies examining EQA data since
introduction of IDMS standardization. Carobene et al"
examined Italian EQA data from 2006 and 2011, involving
450 laboratories. Surprisingly, there was no major improve-
ment in overall assay bias in 2011 as compared with 2006
despite introduction of IDMS standardization. In 2011, 7%
of laboratories were using enzymatic methods and in that
smaller cohort, performance goals were achieved far more
frequently.”® In 2011, EQA proficiency testing results for 3
challenge vials from the College of American Pathologists
were analyzed by instrument.® The mean percent bias ranged
between —6.9% and 8.1% which was an improvement over
2003 results when mean percent biases ranged between —7%
and 34%. As in the current study, there were differences in
performance between manufacturers with some performing
much better than others. Analytical bias and CV, were com-
pared directly between one challenge sample from 2003 and
one challenge sample from 2011 with similar Cr concentra-
tions around 75 pmol/L.* In 2003, bias ranged between 1.0
and 17.7 umol/L, and CV_ between 0.1% and 11.3%; in
2011, bias improved ranging from —2.6 to 5.3 pmol/L, but
CV, was unchanged at 3.1% to 11.2%.

Many EQA programs have performance goals for Cr that
are more stringent than the NKDEP goals but less stringent
than biologic variation goals. Ontario’s QMP-LS has a TE,
of £9 pumol/L for Cr <100 pumol/L and <9% for Cr > 100
umol/L."® The Royal College of Pathologists of Australia
(RCPA) have a “minimal performance” TE, of +8 pmol/L for
Cr <100 umol/L and <8% for Cr >100 pumol/L."” In the
United Kingdom, the RCPA have established the Minimum
Analytical Performance Standards (MAPS) group, and they
propose a “desirable” TE, goal at 75 pmol/L Cr of 8.2%.'%"
The outlier is the US Federal Agency’s Center for Medicare
and Medicaid Services (CMS), which is responsible for
implementation of the Clinical Laboratory Improvement
Amendments (CLIA) regulations that governs all laboratory
testing in the United States.”® The CLIA TE, for Cr is set at
427 umol/L or 15% (whichever is greater).?

An acceptable TE, for Cr yields a TE, for corresponding
eGFR with various consequences. Consider the January
2015 QMP-LS 1501 challenge vial 3 which has an assigned
Cr value of 85 pmol/L." According to the QMP-LS TE, per-
formance goals, Cr values between 76 and 94 pmol/L would
be acceptable for this sample. For a 65-year-old non—African
American female, the assigned value of 85 pmol/L translates
to an eGFR-EPI of 62 mL/min/1.73 m* with corresponding
acceptable ¢eGFR ranging between 55 and 71 mL/min/1.73
m?. The range of observed Cr values was slightly wider at 74
to 100 pmol/L in the 212 participating laboratories, yield-
ing corresponding eGFR-EPI (Chronic Kidney Disease
Epidemiology Collaboration) results between 51 and 74 mL/
min/1.73 m* and substantial differences in whether the sam-
ple was consistent with a diagnosis of CKD or not. For the
clinician, a fixed diagnostic cutoff requires an appreciation
of'the TE of a result due to both analytical and biologic varia-
tion. Only results that are significantly different from a diag-
nostic cutoff have 95% probability of being truly diagnostic.
For the eGFR cutoff of 60 mL/min/1.73 m?, a value of 49 mL/
min/1.73 m* (TE + 11 mL/min/1.73 m?) has been proposed.”'
In addition to the biologic and analytic variation of Cr, the
clinician must consider nonanalytical factors such as the
various non-GFR determinants of serum Cr concentrations
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(age, gender, diet, muscle mass, hepatic synthetic function)
when interpreting the eGFR.*

Strengths of our study include the high-quality compre-
hensive QMP-LS data from before, during, and after imple-
mentation of IDMS standardization in Ontario using fresh
frozen plasma samples. Weaknesses of our study include the
lack of individual laboratory results as these are not available
with performance, therefore ascertained using aggregate data
by manufacturer. In addition, QMP-LS does not distinguish
between Jaffe and enzymatic methods so we could not sepa-
rate out the enzymatic from the modified Jaffe Roche BMC
results. Only 3 manufacturers were included in the analysis
to ensure that results generally represented more than 10
laboratories. There are a number of additional manufacturers
that were not as common during the study time period, and
some of their performances appeared to be worse than the 3
included here."’ Manufacturers did not all transition to IDMS
traceability in May 2008 with some transitioning sooner or
later than May 2008 leading to some contamination.
However, the analysis done of the transition period May
2008 and Jan 2010 (n = 16 challenge vials) comparing IDMS
traceable laboratories with those that were not provided sim-
ilar results to those in the primary analyses (Table 2).

Conclusions

Ongoing efforts to further reduce Cr bias and precision and
interlaboratory variability are needed. Clinicians and their
collaborating clinical biochemists should be advocating
within their own setting for the phasing out of Jaffe assays
and adoption of enzymatic assays as the preferred method
for Cr measurement as has been repeatedly recom-
mended."*’ Given that the cost for enzymatic methods has
remained significantly higher for unclear and questionable
reasons than that for Jaffe methods, many institutions and
laboratories have not yet made the switch. EQA schemes
could help validate this effort by providing summary statis-
tics and graphical analysis based on the performance of
these 2 method groups independently.

Finally, recommended TE, goals should be reviewed to
ensure that the minimal acceptable performance is aligned
with test characteristics that permit optimal patient care. It
might be asked whether, with a fixed CKD diagnosis cut-
off of 60 mL/min/1.73 m% a TE, of 9 umol/L for Cr <100
umol/L (QMP-LS TE, goal) is reasonable, given that this
translates to an “acceptable” eGFR-EPI of 53 to 71 mL/
min/1.73 m? (65-year-old non—African American female
with an assigned Cr value of 85 pmol/L). More stringent
TE, goals should stimulate invigorated manufacturer
motivation for improvements in method performance.
This is especially relevant in the era of increasing enthusi-
asm for early CKD detection by organizations wishing to
decrease the poor outcomes and economic impacts of pro-
gressive CKD. >

Ethics Approval and Consent to Participate

Ethics approval not required. No individual patient data used. All
data from External Quality Assessment Reports.

Consent for Publication

Not applicable.

Awvailability of Data and Materials

The data that support the findings of this study are available from
Institute for Quality Management in Healthcare (http://igmh.org),
but restrictions apply to the availability of these data, which were
used with permission for the current study, and so are not publicly
available. Data are, however, available from the authors upon rea-
sonable request and with permission of the Institute for Quality
Management in Healthcare.

Acknowledgments

We appreciate Ontario Provincial Quality Management Program—
Laboratory Service (QMP-LS) for granting access to the External
Quality Assessment (EQA) reports. We would like to thank Dr Y.
M. Lam, PhD, from the Department of Community Health and
Epidemiology (Public Health Sciences), Queen’s University,
Kingston, Ontario, Canada, for his support in the data analysis of
this article.

Author Contributions

EL, CC, CW, and ML all contributed to study conception and
design and data analysis. EL, CC, and CW all contributed to manu-
script preparation.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

References

1. Kidney Disease: Improving Global Outcomes (KDIGO) Work
Group. KDIGO 2012 clinical practice guideline for the evalu-
ation and management of chronic kidney disease. Kidney Int.
2012;3:1-150.

2. Levey AS. Measurement of renal function in chronic renal dis-
ease. Kidney Int. 1990;38:167-184.

3. Myers GL, Miller WG, Coresh J, et al. Recommendations for
improving serum creatinine measurement: a report from the
Laboratory Working Group of the National Kidney Disease
Education Program. Clin Chem. 2006;52(1):5-18.

4. Miller WG, Myers GL, Ashwood ER, et al. Creatinine mea-
surement: state of the art in accuracy and interlaboratory har-
monization. Arch Pathol Lab Med. 2005;129(3):297-304.

5. Komenda P, Beaulieu M, Seccombe D, Levin A. Regional
implementation of creatinine measurement standardization. J
Am Soc Nephrol. 2008;19:164-169.


http://iqmh.org

Canadian Journal of Kidney Health and Disease

10.

11.

12.

14.

15.

. Delanghe JR, Cobbaert C, Harmoinen A, Jansen R, Laitinen

P, Panteghini M. Focusing on the clinical impact of standard-
ization of creatinine measurements: a report by the EFCC
Working Group on Creatinine Standardization. Clin Chem Lab
Med. 2011;49(6):977-982.

. Greenberg N, Roberts WL, Bachmann LM, et al. Specificity

characteristics of 7 commercial creatinine measurement pro-
cedures by enzymatic and Jaffe method principles. Clin Chem.
2012;58(2):391-401.

. Killeen AA, Ashwood ER, Ventura CB, Styer P. Recent trends

in performance and current state of creatinine assays. Arch
Pathol Lab Med. 2013;137(4):496-502.

. Boutten A, Bargnoux AS, Carlier MC, et al. Enzymatic but not

compensated Jaffe methods reach the desirable specifications
of NKDEP at normal levels of creatinine. Results of the French
multicentric evaluation. Clin Chim Acta. 2013;419:132-135.
Fraser CG. Biological Variation: From Principles to Practice.
Washington, DC: AACC Press, 2001.

Cheuiche AV, Soares AA, Camargo EG, Weinert LS, Camargo
JL, Silveiro SP. Comparison between IDMS-traceable Jaffe
and enzymatic creatinine assays for estimation of glomerular
filtration rate by the CKD-EPI equation in healthy and diabetic
subjects. Clin Biochem. 2013;46(15):1423-1429.

Pieroni L, Delanaye P, Boutten A, et al. A multicentric evalua-
tion of IDMS-traceable creatinine enzymatic assays. Clin Chim
Acta. 2011;412(23-24):2070-2075.

. Institute for Quality Management in Healthcare. https://

qview.ca/QVIEW/LoginSSO.aspx?ReturnUrl=%2fQVIEW.
Accessed January 11, 2014.

Institute for Quality Management in Healthcare. http://igmh.
org. Accessed January 11, 2014.

Carobene A, Ceriotti F, Infusino I, Frusciante E, Panteghini
M. Evaluation of the impact of standardization process on the
quality of serum creatinine determination in Italian laborato-
ries. Clin Chim Acta. 2014;427:100-106.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Institute for Quality Management in Healthcare. Proficiency
Testing Precision Goals and Allowable Performance Limits for
Chemistry and Hematology. http://iqgmh.org. August 17, 2015.
RCPA Chemical Pathology QAP. Allowable Limits of
Performance. http://www.rcpaqap.com.au/docs/2014/chemp-
ath/ALP.pdf. Published 2012. Accessed January 11, 2014.
Jassam N, Yundt-Pacheco J, Jansen R, Thomas A, Barth JH.
Can current analytical quality performance of UK clinical
laboratories support evidence-based guidelines for diabetes
and ischaemic heart disease? a pilot study and a proposal. Clin
Chem Lab Med. 2013;51:1579-1584.

Royal College of Pathologists. Minimum Analytical
Performance Standards (MAPS). www.rcpath.org. Accessed
February 2, 2017.

Department of Health and Human Services. Clinical Lab-
oratory Improvement Amendments. Fed Register. 1992;57:
7002-7186.

Badrick T, Turner P. The Uncertainty of the eGFR. Indian J
Clin Biochem. 2013;28:242-247.

Rule AD, Glassock RJ. GFR estimating equations: getting
closer to the truth? Clin J Am Soc Nephrol. 2013;8:1414-1420.
Akbari A, Clase CM, Acott P, et al. Canadian society of
nephrology commentary on the KDIGO clinical practice
guideline for CKD evaluation and management. Am J Kidney
Dis. 2015;65:177-205.

Moyer VA, U.S. Preventive Services Task Force. Screening
for chronic kidney disease: U.S. Preventive Services Task
Force recommendation statement. Ann Intern Med. 2012;157:
567-570.

Whaley-Connell AT, Tamura MK, Jurkovitz CT, Kosiborod
M, McCullough PA. Advances in CKD detection and deter-
mination of prognosis: executive summary of the National
Kidney Foundation—Kidney Early Evaluation Program (KEEP)
2012 annual data report. Am J Kidney Dis. 2013;61:(4)(suppl
2):S1-S3.


https://qview.ca/QVIEW/LoginSSO.aspx?ReturnUrl=%2fQVIEW
https://qview.ca/QVIEW/LoginSSO.aspx?ReturnUrl=%2fQVIEW
http://iqmh.org
http://iqmh.org
http://iqmh.org
http://www.rcpaqap.com.au/docs/2014/chempath/ALP.pdf
http://www.rcpaqap.com.au/docs/2014/chempath/ALP.pdf
http://www.rcpath.org

