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Background: For creatinine measurement, the enzymatic method is known to be more accurate than the Jaffe method; however, the latter is
still widely used. We evaluated the performance of the CRE2 reagent (Siemens Healthcare Diagnostics Inc., USA), which uses a modified Jaffe

method.

Methods: Three quality control standards were used for precision evaluations of CRE2 on Dimension VISTA 500 instrument (Siemens). Moreover,
the linearity and carryover characteristics were assessed. Sixty-eight creatinine results obtained using the CRE2 and ECREA (enzymatic) reagents
(Siemens) were compared with those obtained using the L-CRE (enzymatic) reagent (Shinyang Diagnostics, Korea). The accuracy of CRE2, ECREA,

and L-CRE was evaluated using a standard reference material.

Results: The CV of within-run (0.7-2.4%), between-run (0.4-1.7%), between-day precision (0.7-0.9%) for three standards, and total CV for
medium (1.6%) and high levels (1.3%) satisfied the analytical goal. The linearity for CRE2 was excellent (R*=0.999). Comparisons of CRE2 and
ECREA to L-CRE were well correlated (r=0.996 and 0.997, respectively). In comparison with L-CRE, 5 CRE2 results and 15 ECREA results exceeded
minimum bias goal (5.1%) in samples with creatinine levels of >1 mg/dL. The carryover rate was -0.04%. In terms of accuracy, the percent bias
values of CRE2, ECREA, and L-CRE were 7.4, -6.4, and -3.4, respectively, for low level; and 3.9, -1.5, and 0.7, respectively, for high level.

Conclusions: For creatinine measurements, the CRE2 reagent showed good performance. It can be used in the diagnosis, treatment monitor-

ing, and risk assessment of kidney diseases.
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Table 2. Linearity of CRE2 reagent for serum creatinine measurement
using Dimension VISTA 500 instrument

Observed Linear range
Test range . . Inter- 2
(mgfdL) linear range  (mg/dL) claimed by  Slope i
(mg/dL) the manufacturer®
0.297-19.00 0.297-19.00 0.150-20.0 1.005 0.031 0.999

*Manufacturer's claimed linear range is indicated in reagent information [5].

Table 1. Precision of CRE2 reagent for serum creatinine measurement using Dimension VISTA 500 instrument

] o~ Within-run Between-run Between-day Total Desi ra_ble .prECi'
sD CV (%) SD CV (%) SD Qv (%) SD CV (o)  sion criteria (%)

Low (0.538-0.801 mg/dL) 0.629 0.015 24 001 1.7 0.006 09 0.020 3.1 298

Medium (1.67-2.17 mg/dL) 1.889 0.019 1.0 0.019 1.0 0013 0.7 0.003 1.6

High (7.38-9.1 mg/dL) 8.210 0.060 0.7 0.034 0.4 0.078 09 0.104 13

*Obtained from the biological variation database specification on Westgard's website (http://www.westgard.com/biodatabase 1.htm) [12].
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Fig. 1. Comparison of creatinine values measured by L-CRE and CRE2 reagents.
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Fig. 2. Comparison of creatinine values measured by L-CRE and ECREA reagents.

Table 3. Comparison of CRE2 and ECREA reagents using Dimension VISTA 500 instrument with L-CRE reagent using Toshiba 2000FR Neo instru-
ment at the medical decision levels of serum creatinine using Passing-Bablok regression

Reagent Slope (95% Cl) Intercept (95% Cl) Decision level (mgfdl) Expected value (mg/dl)  Expected bias (%) Minimum bias goal (%0)*
CRE2 1.003 (0.996-1.010) 0.054 (0.036-0.085) 0.6 0.656 93 5.1

1.6 1.659 3.7

35 3.565 19
ECREA 0958 (0.951-0966)  -0.003 (-0.025-0.012) 0.6 0.572 47 5.1

1.6 1.530 44

35 3.350 43

*Minimum bias goal based on biological variability, as proposed by Myers et al. [4].
Abbreviation: Cl, confidence interval.

Table 4. Accuracy of serum creatinine measurements using CRE2 and
ECREA reagents on Dimension VISTA 500 instrument, and L-CRE re-
agent on Toshiba 2000FR Neo instrument

Level [Certified con-  Low level (0.847 +0.018) High level (3.877 £ 0.082)

centration value*

(mg/dL)] CRE2  ECREA L-CRE CRE2  ECREA L-CRE
Reagent

Mean (mg/dL) 0.910 0.792 0.818 4.03 3.82 391

Bias (mg/dL) 0.063 -0055 -0.029 0.15 -0.06 0.03

Percent bias (%) 7.4 -6.4 -34 39 -15 0.7

*National Institute of Standards and Technology certificate of analysis, standard
reference material 967a [10].

4. Ax| 2t The

[e)
17.6, 175, 17.6, 175 mg/dLo| 1L, A5 o] A& 43] RHE St
312 0901, 0903, 0911, 0903 mg/dLE A7) 7 A= -0.04%ch

5 Heix

AV AloF A 71 2531 ARt S Table 4ol ATk
Dimension VISTA5000]4] CRE2Z ¥5Z15219] A5 (certi-
fied value 0.847 mg/dD)2} 115 (certified value 3.877 mg/dL)S
242} 59 Z75te] e Btk A 0910 mg/dL, 5t
4.03 mg/dLo|®l o, vlolojA= ZFZE 0.063 mg/dL, 0.15 mg/dL,
WG Hlojoj AL ZFE 74%, 39%% T} ESE Dimension VISTA

https://doi.org/10.3343/lm0.2019.9.1.6

500014 ECREAR 743t #F3A1E49] 53] Hatgke Aste
¢} =7t 42 0792 mg/dL, 3.82 mg/dLo|@l o Hiojoj Ak
712} 10,055 mg/dL, -0.06 mg/dL, BE-& Hpo|o] AL 712} 6.4%,
-15%%3t} WHH | Toshiba 2000FR Neoo]| 4] L-CREZ &43t =%+
AEAO] 53] Wt A sEet alset 212 0.818 mg/dL, 391
mg/dLo]lom Hlojoj A ZF2E -0.029 mg/dL, 0.03 mg/dL, W5
& Hfolo]i= Z2F -3.4%, 0.7%3ATk

2

i

= 7 Lo]| A= modified Jaffer]-S Y2| & 3= Adjote]d
AleFel Siemens CRE29] B-41%=2 Hylslar, 7] Hhgol
L-CRES] Zeoeld Znjole] 43S nofon] & 4HS
2 3h= I FotE]d =4 AJ9FQ] Siemens ECREAL} Al9F L-CRES]
Zraofelg 2z} ko) Ak B vl B

CRE20| thgt F= WA WA= a2t gt o
3 1.6%2} 1.3%2 Westgard homepage 2] B} B| AU 58
7]&(desirable specification for imprecision) ©JW$aL, #5%=0]
A= 31%E 5]-87]F0l|A thA oo}, Clinical Labora-
tory Improvement Amendments of 1988 (CLIA '88) 7|2l g3}
& The National Kidney Disease Education Program (NKDEP)

oA AAEH= 2|ATke] B Al B E(minimum analytical goal)$!

[eX

www.labmedonline.org 9



MO

UBITI 2|: CRE2 Evaluation for Creatinine Measurement

3.2% E3F TrESIgITH4, 12, 13]. E3E 7 S0 tist AAF 2
i, HARE A7t WHoAl4 ILE Westgard homepage?] HFEZ] gt
HUE 58755 THEAIRAT:

AlzARe] 5 Aol AAE BAEEA] ok HAlOA &4 7}
531 AdotE| 9] 5 Q= 0-20 mg/dLo]glom, B ¢lto) A
L FgolEld %% 0.297 mg/dLEE 19.00 mg/dLe] % Heo]

A AZAI=R 0999011, 2] B 4] y=1.0049x+0.0307 =

£ A4S Selslik of AASE QubHo Rz A AR
ZAEE Ghe TS glo] AR QArokEelA AE 4 gl
2312 Z Zlole} 7|tk

Ase o ste HAIE 247 4% SA4ste] 719 2= -0.04%
HOH, o= 871 5% HHkE WHESHTHIL

A1 9] Blae] SlojA] FHAE 2] Toshiba 2000FR Neod]
A A19F L-CRE=Z 245t Axfof tfsf] Siemens Dimension VISTAS00
o] 4 Siemens CRE2 2 ECREAZ &4t Fd|o}E|H9] F = 2}o]
IS B o, AL 247F 0996, 09972 E-2 A
TAE Hehigith A 58 5% 0.6, 1.6, 35 mg/dLe] thal
of| =3t @ 2}= ECREAQ] 7% 43-47%% X% minimum bias
goal 2 WHE519IA0E, CRE29] 79, 0.6 m/dLe] that 237}
93%=2 7]%-2 Jol4ick thik 1.6 mg/dLe} 35 mg/dLo|| tg}t CRE2
of 2} 717} 37, 1% A B BT ol A4 R 03
7 BCREAC] B3l @5] st sl-03huig) Qtol Eepel
e e 4= A3k

A oA AJEsHA WHolA(biological variability)o]] <A
2 o19.049)% 7|02 2 v, Hl3L Alofel AI%F LCRES) &
FATEA A WEG Hio]oj A7} -34%F desirable bias goal
Q1 34%5 WHESAL A8 L-CRE] Alste WiE-& Ho]o] 2= 07%,
Siemens ECREAQ] 1155 HIEE- H}o|o] A= -15%F optimal bias
goalQl 1.7% o121, Siemens CRE29] 15T HHELS- Hl-o]oj A
= 39%E minimum bias goalg WESFATE Thik A WEg
HFo[o] 2= 74% 2 ECREAS] A 5te W5 Hho]oj2 -6.4%%} 3F
7| minimum bias goal?l 5.1%5 THE3}R] S5FtH4] 12, o]
5o mE CLAsse] 7|2l Raslt

o] AL A QLA 7129 TR AT S ML
el 2yl 2o 2 se] ol Bt 374 sk
(1, 14], £ AJFo] Jaffet & ol § 3k 7120] AlCFE, 5-& A4
& o} §BH AOFEI vlweto] 4140 GFE Unpp v

A% shalsiy] sfat 71881 Bt M Aol

AEZ O & Siemens Dimension VISTA 500 #HH]of|A] CRE2A]
ko] Sejoteld B A3 Wk Ak $4at Aol 54 7}
3 WA QA el 7| T gIeke] e TS
SHAT thg R Lol modified Jafferol] Bl HARo] 4~ 8.5

P

rO

ot

10 www.labmedonline.org

£ Hgo] Jdd] w2 4SS ] Aoteld AARIeR
A3 ] ofef & AFSFellAllS, 16], modified Jaffer] S Y| = 3}
+= Siemens CRE2= B A o831 Agote]d £7 ZAate] 2
A FHAA] = TS D& 5= QlojA] o] o] &gt Axl
APEREe] Ak A7 BUETY 2 FE Frho] =gS E Ao
=2 Ayzhgit

g
=7

b

FO

of
HHZ: =Leobeld Z7ofl Qlo] A Axiio] Jaffertio] wlal o =5t
ohal A YA, Jaffe] o ds] AAAOlA] de] A= L
Qlth 28+ modified Jaffe]S A28l SiemensAke] AJ2Fel
CRE29] 855 H7}sl3ict

i A o] A EdS AF8-Sto] SiemensAke] Dimen-
sion VISTA 500 ZHH]o]| 4] CRE29] AU = 72 519t T3t 7]
A3 AR 7F AaE H7)15k9IT) Siemens CRE22} ECREAR =
g5t 687 Aeoteld At 7]E9] AARQI L-CRE Ze} H]
W3}k CRE2, ECREA, L-CREQ] ATl B2 248 ALE
sto] H7Fsheict

Zuk: CRE29] Al F=of gt Al Hi(0.7-2.4%), HAF 7H0.4-
17%), AR 7F AE = 0] HolA|l5=(0.7-09%), T4 -5 =0 A5
of| that AA| HolA4=(Z2} 1.6%, 13%)= B4 BRE vk=EAZ
om AMAE L4 CHR*=0999). CRE2 @ ECREAX L-CRE
o}o] AJHA w3 =9 (k2 r=0996, r=0997). L-CRES}] A3t
/g BlaefAf= 1 mg/dL Fi o] A FollA] CRE29] 57 At
2} ECREAQ] 157l A7} minimum bias goal?] 51%E Z7}5}%
o} 44 7F AEE -0.04%tE 3ol 9JojA] CRE2, ECREA,
L-CREQ] W 2-& Hlo|oj A= A FollA] 74, -04, -3.4%0]1L 1
o)Al 39, -15, 0.7%SAck

ZE: SiemensAke] Aol S A|9FQl CRE2:= 9475 4=3)
5& Bk CRE2E= AlFE 4= glow, Alste] X 2177
I Q1= B7HE flel -85k AREE 4= Qi

OfaH2tA|

AP -2 3 170} Fhets)o] ofufd o S 18-S BRI

REFERENCES

1. Chung HJ, Chun SI, Min WK. Creatinine determination with minimized
interference. J Lab Med Qual Assur 2008;30:229-31.
2. Burtis CA, Ashwood ER, et al. eds. Tietz textbook of clinical chemistry

https://doi.org/10.3343/lm0.2019.9.1.6



3%l 2| CRE2 Evaluation for Creatinine Measurement

MO

and molecular diagnostics. 4th ed. St. Louis, MO: Elsevier Inc., 2000:
797-801.

3. O'Leary N, Pembroke A, Duggan PF. A simplified procedure for elimi-
nating the negative interference of bilirubin in the Jaffe reaction for
creatinine. Clin Chem 1992;38:1749-51.

4. Myers GL, Miller WG, Coresh J, Fleming J, Greenberg N, Greene T, et
al. Recommendations for improving serum creatinine measurement: a
report from the Laboratory Working Group of the National Kidney Dis-
ease Education Program. Clin Chem 2006;52:5-18.

5. Siemens Dimension Vista® system Creatinine (CRE2) Flex® reagent car-
tridge https://www.accessdata.fda.gov/cdrh_docs/pdf13/K133728.pdf

6. Clinical and Laboratory Standards Institute. Method comparison and
bias estimation using patient samples; approved guideline. 2nd ed.
EP09-A2. Wayne, PA: Clinical and Laboratory Standard Institute, 2002.

7. Clinical and Laboratory Standards Institute. Evaluation of precision of
quantitative measurement procedures; approved guideline. 3rd ed.
EP05-A3. Wayne, PA: Clinical and Laboratory Standard Institute, 2014.

8. Clinical and Laboratory Standards Institute. Evaluation of the linearity
of quantitative measurement procedures; a statistical approach; ap-
proved guideline. EP0G-A. Wayne, PA: Clinical and Laboratory Stan-
dards Institute, 2003.

9. Clinical and Laboratory Standards Institute. Preliminary evaluation of
quantitative clinical laboratory measurement procedures; approved

guideline. 3rd ed. EP10-A3. Wayne, PA: Clinical and Laboratory Stan-

https://doi.org/10.3343/lm0.2019.9.1.6

dards Institute, 2000.

10. Robert L. National Institute of Standards and Technology certificate of
analysis, standard reference material 665 2014, 1-3.

11. Nah H, Lee SG, Lee KS, Won JH, Kim HO, Kim JH. Evaluation of bili-
rubin interference and accuracy of six creatinine assays compared with
isotope dilution-liquid chromatography mass spectrometry. Clin Bio-
chem 2016;49:274-81.

12. Ricos C, Alvarez V, Cava F, Garcia-Lario JV, Hernandez A, Jimenez CV, et
al. Desirable specifications for total error, imprecision, and bias, derived
from intra- and inter-individual biological variation. https://www.west-
gard.com/biodatabasel. htm (updated on 2014).

13. Burtis CA, Ashwood ER, et al. eds. Tietz textbook of clinical chemistry
and molecular diagnostics. 5th ed. St. Louis, Mo: Elsevier Inc, 2006:196-8.

14. Hermida FJ, Lorenzo MJ, Pérez A, Fernindez M, Sagastagoia O, Maga-
dan C. Comparison between ADVIA Chemistry systems Enzymatic
Creatinine_2 method and ADVIA Chemistry systems Creatinine method
(kinetic Jaffe method) for determining creatinine. Scand J Clin Lab In-
vest 2014;74:629-36.

15. Schmidt RL, Straseski JA, Raphael KL, Adams AH, Lehman CM. A risk
assessment of the Jaffe vs enzymatic method for creatinine measure-
ment in an outpatient population. PLoS ONE 2015;10:¢0143205.

16. Panteghini M and IFCC Scientific Division. Enzymatic assays for cre-

atinine: time for action. Clin Chem Lab Med 2008;46:567-72.

www.labmedonline.org 11



