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Introduction
Chronic kidney disease (CKD) affects about 10% of the population and is 
often asymptomatic until renal function is severely reduced.  Mild CKD is 
also important as it represents a signifi cant risk factor for coronary heart 
disease. Once identifi ed, patients with progressive CKD can be actively 
treated to preserve remaining renal function and to manage potential 
complications such as cardiovascular disease. The introduction of estimated 
glomerular fi ltration rate (eGFR), based on serum creatinine measurement 
and application of a formula, will enable physicians to identify patients who 
require referral to renal services, while continuing to manage patients with 
stable CKD. Traditionally, serum creatinine measurements have been one 
of the mainstays for initial identifi cation of renal disease.

Instruments and materials
• AEROSET, ARCHITECT c8000 clinical chemistry analyzers were used for 

these studies. ARCHITECT cSystems can be integrated with ARCHITECT 
i2000SR, an immunoassay module, to form the ci8200.

• MULTIGENT Creatinine (Enzymatic) Liquid reagent, manufactured by 
SENTINEL CH. and distributed by Abbott Laboratories, is based on 
the enzymatic conversion of creatinine to sarcosine, then oxidation by 
sarcosine oxidase to produce hydrogen peroxide that reacts in a modifi ed 
Trinder reaction. The assay is standardized against NIST SRM967 and 
thus traceable to IDMS.

Limit of Blank of Creatinine Enz. on serum application:

Instrument Sample N Mean
(mg/dL)

Standard 
Deviation 

SD (mg/dL)

LoB 
(SD * 1.645)

(mg/dL)

Aeroset Saline 60 - 0.0042 0.0059 0.0097
C8000 Saline 60 - 0.0030 0.0046 0.0076
Aeroset Negative serum 60 0.0047 0.0065 0.0154
C8000 Negative serum 60 0.0020 0.0040 0.0086

Limit of Blank of Creatinine Enz. on Urine application:

Instrument N Mean
(mg/dL)

Standard Deviation SD
(mg/dL)

LoB (SD * 1.645)
(mg/dL)

Aeroset 60 - 0.099 0.0587 0.097
C8000 60 -0.014 0.0372 0.061

Limit of Quantitation:

Specimen Instrument N Theoric
 Value

(mg/dL)

Found 
Mean

(mg/dL)

% TE % Bias SD
(mg/dL)

CV%

Serum Aeroset 10 0.092 0.091 13.57 -1.09 0.006 6.24
Serum C8000 10 0.092 0.091 8.05 -1.09 0.003 3.48

Specimen Instrument N Theoric
Value

(mg/dL)

Found 
Mean

(mg/dL)

% TE % Bias SD
(mg/dL)

CV%

Urine Aeroset 10 2.12 2.02 9.63 -4.67 0.050 2.48
Urine C8000 10 1.85 1.74 10.56 -6.12 0.039 2.22

Conclusions

1. Results from these studies for the MULTIGENT Creatinine (Enzymatic) 
assay meet and exceed the NKDEP recommendations for Serum 
Creatinine measurement on both ABBOTT systems. The maximum total 
imprecision observed for the MULTIGENT Creatinine (Enzymatic) assay 
was 3.2% on a serum at 0.65 mg/dL which does meet the NKDEP Goal 
of 3.2%, while acceptance criteria for %Bias of +/-5% was met along 
the Methods comparison and linearity studies.

2. Sixty-day calibration stability and robustness to interferences make this 
assay very suitable for the routine measurement of this critical analyte.

Evaluation of MULTIGENT® Creatinine (Enzymatic) Liquid assay on the
ABBOTT ARCHITECT® c8000 and AEROSET® Clinical Chemistry Systems

Sensitivity Results: Interferences
(%Bias calculated as Bias/1.0 mg/dL)

Interfering
Substance

Interfering
Substance

Concentration

Target
(mg/dL)

Observed 
(mg/dL)

%
Recovery

%
Interference 
at 1 mg/dL

Bilirubin (conjugated) 39.6 mg/dL 1.09 1.01 92.6% -8.0%
Bilirubin (unconjugated) 46.2 mg/dL 0.99 0.94 94.9% -5.0%

Hemoglobin 1000 mg/dL 1.04 0.97 92.9% -7.4%
Triglyceride* 2000 mg/dL 0.98 0.94 95.8% -4.1%

Creatine 100 mg/dL 1.16 1.21 104.3% +5.0%
Ascorbic Acid 120 mg/dL 1.16 1.09 94.0% -7.0%

Glucose 6000 mg/dL 1.15 1.10 95.7% -5.0%

(*) as Intralipid

Abstract (Revised)
Objective: The MULTIGENT Creatinine (Enzymatic) Liquid assay was 
evaluated on the ABBOTT ARCHITECT c8000 and AEROSET Clinical Chemistry 
Systems. Goals of the study were to verify the analytical performance and 
establish this assay’s agreement with the NKDEP recommendations for 
serum creatinine measurement when compared with a similar enzymatic 
assay.

Materials/instruments: MULTIGENT Creatinine (Enzymatic) Liquid 
reagent, manufactured by SENTINEL CH., is based on the enzymatic 
conversion of creatinine to sarcosine, then oxidation by sarcosine oxidase 
to produce hydrogen peroxide that reacts in a modifi ed Trinder reaction. 
The assay is standardized against NIST SRM967 and thus traceable to 
IDMS. Abbott’s ARCHITECT c8000 and AEROSET Systems are random-
access clinical chemistry analyzers. ARCHITECT c8000 can be integrated 
with ARCHITECT i2000SR, an immunoassay module, to form the ci8200.

Design study: Assay performance was investigated using modifi ed CLSI 
protocols. Acceptance criteria were set at <3.6% CV for total precision and 
at </= 8% for accuracy throughout the study, including calibration stability. 
LOQ was defi ned as the analyte concentration at which the Total error 
was less than 15%. Analytical measurement range was defi ned through 
linearity. Method comparison was evaluated by comparing ARCHITECT 
and/or AEROSET results for patient serum samples with results from a 
Hitachi-911 system running the Roche Creatinine Plus enzymatic assay. 
Interference due to endogenous substances and drugs was investigated 
following CLSI EP7-A2. 

Results:

Performances ARCHITECT c8000 AEROSET

Assay range 0.10  to 40.00 mg/dL 0.10  to 40.00 mg/dL

Total imprecision
(20-day protocol)

3.17% at 0.65 mg/dL
1.72% at 1.83 mg/dL
0.95% at 6.60 mg/dL

1.95% at 0.65 mg/dL
1.30% at 1.83 mg/dL
0.72% at 6.61 mg/dL

LOB 0.009 mg/dL 0.015 mg/dL

LOQ 0.092 mg/dL 0.092 mg/dL

Method comparison
N
Range
Slope
Intercept
R

vs. Hitachi
94
0.32 – 38.58
1.011
-0.100
0.999

vs AEROSET
94
0.31 – 39.24
1.011
-0.079
0.999

vs. Hitachi
94
0.32 – 38.58
1.000
-0.015
0.999

Calibration stability 60 days 60 days

Drug interference Of 18 drugs tested, only alpha-methyldopa interfered

Interfering substances (max allowable bias: 8%): Bilirubin (conjugated 39.6 
mg/dL, unconjugated 46.2 mg/dL), Hemoglobin (1000 mg/dL), Intralipid 
(2000 mg/dL), Creatine (100 mg/dL), Ascorbate (120 mg/dL) and Glucose 
(6000 mg/dL) did not interfere.

Conclusion: Performance of the MULTIGENT Creatinine (Enzymatic) assay 
meets and exceeds the NKDEP recommendations for Serum Creatinine 
measurement on both ABBOTT systems. Sixty-day calibration stability and 
robustness to interferences make this assay very suitable for the routine 
measurement of this critical analyte.

Methodology/Acceptance criteria
The recommendations for improving Serum Creatinine measurement, 
as suggested by the Laboratory Working Group of the National Kidney 
Disease Education Program (NKDEP) are:
Within Subject Variation (CVi): 4.3% 
Between Subject Variation (CVg): 12.9%

Minimum Desirable Optimum

Imprecision Goal (CVa) (0.75 CVi)
 3.2%

(0.50 CVi)
2.2%

(0.25 CVi)
1.1%

Bias goal [0.375 (CVi2 + CVg2)1/2]
5.1%

[0.25 (CVi2 + CVg2)1/2]
3.4%

[0.125 (CVi2 + CVg2)1/2]
1.7%

TE goal
[Bias +(1.96 x CVa)] 11.4% 7.6% 3.8%

Based on formula: Accuracy Goal + 1.96 x Imprecision goal (at 95% confi dence).
Evaluation study acceptance criteria were set to approach the 11.4% target.
Total Imprecision specifi cations: <= 3.6%
Accuracy specifi cations (methods comparison and Linearity): <= 5% or 0.05 mg/dL
Allowed total analytical error: <= 12.0% at clinical decision level (1.1 mg/dL) on serum.

While the acceptance criteria in all remaining studies (Interferences, Antico-
agulants, Calibration stabilities) were set to 8% in terms of proportional bias.

Sensitivity: Limit of Quantitation (LOQ) was investigated according to 
CLSI EP-17A. A total error (TE) specifi cation of no greater than 15% was 
applied based on a publication from the Australasian Creatinine Consensus 
Working Group (Medical Journal of Australia 2005;183:138-141).
TE = %Bias + 2 x %CV.

Total imprecision: imprecision was evaluated using a protocol based 
on CLSI EP-5A for imprecision on one Abbott ARCHITECT c8000 and on 
AEROSET. Testing was performed over 20 days with three levels of control 
with two replicates per run and two runs per day. 

On board calibration stability: The stability of the reagents is considered 
acceptable if the open on-board stability shows a variation from baseline 
(Day 0) not exceeding + 8% for a minimum of 60 days. 

Interferences: Endogenous substances interferences were evaluated 
according the Glick model. A pool of human sera was spiked with the 
potentially interfering substances and then serially diluted with unspiked 
human serum pool. A maximum range of ± 8% was used for the acceptance 
criteria, based on the relationship that a difference of approximately 8% 
in a creatinine value will introduce a difference in the calculated eGFR to 
approximately 10%.

Linearity: Linearity and analytical measuring range (AMR) were performed 
and evaluated according CLSI EP6-A. Acceptance criteria were +/- 5% or 
+/- 0.05 mg/dL in terms of bias. 

Drug interferences: Each drug, with the exception of acetaminophen, 
was tested at two concentrations. For most drugs, the lower concentration 
was determined from Appendix C of the CLSI EP7-A2, Interference Testing 
in Clinical Chemistry; Approved Guideline-Second Edition. Three replicates 
containing each drug concentration were run. Absolute and %bias were 
calculated for each replicate. Interference was considered acceptable if 
there was no more than ± 8% difference between the result for the sample 
in the presence and absence of drug.

Methods comparison: Methods comparison was performed using a 
protocol based on CLSI EP9-A2. This testing was performed on the Abbott 
ARCHITECT c8000 and on AEROSET Systems for each assay in comparison 
to Roche Creatinine Plus enzymatic on Hitachi 911. Acceptance criteria 
were slope 0.95 to 1.05, correlation coeffi cient >0.97. 

Serum vs. plasma comparison: Linear regression analysis was performed 
comparing the results of paired samples for each type of collection tube 
against the paired serum sample. Acceptance criteria were slope 0.95 to 
1.05, correlation coeffi cient >0.97.

Results: Total Imprecision

AEROSET Serum Total Imprecision study

Level 1 Level 2 Level 3
N 80 80 80

Mean (mg/dL) 0.647 1.826 6.606

Within Run
SD 0.0077 0.0077 0.0165

%CV 1.19 0.42 0.25

Between 
Day

SD 0.0100 0.0224 0.0374
%CV 1.55 1.23 0.57

Between 
Run

SD 0.0000 0.0000 0.0245
%CV 0.00 0.00 0.37

Total
SD 0.0126 0.0237 0.0475

%CV 1.95 1.30 0.72

ARCHITECT Serum Total Imprecision study

Level 1 Level 2 Level 3
N 80 80 80

Mean (mg/dL) 0.654 1.827 6.604

Within Run
SD 0.0042 0.0061 0.0199

%CV 0.64 0.33 0.30

Between 
Day

SD 0.0173 0.0265 0.0300
%CV 2.65 1.45 0.45

Between 
Run

SD 0.0100 0.0173 0.0520
%CV 1.53 0.95 0.79

Total
SD 0.0207 0.0314 0.0630

%CV 3.17 1.72 0.95

AEROSET Urine Total Imprecision study 

Level 1 Level 2
N 80 80

Mean (mg/dL) 68.77 121.94

Within Run
SD 0.870 1.406

%CV 1.26 1.15

Between 
Day

SD 0.332 0.239
%CV 0.48 0.20

Between 
Run

SD 0.414 0.583
%CV 0.60 0.48

Total
SD 0.902 1.503

%CV 1.31 1.23

ARCHITECT c8000 Urine Total Imprecision study  

Level 1 Level 2
N 80 80

Mean (mg/dL) 69.94 124.72

Within Run
SD 0.632 1.107

%CV 0.90 0.89

Between 
Day

SD 0.578 0.424
%CV 0.83 0.34

Between 
Run

SD 0.551 0.836
%CV 0.79 0.67

Total
SD 1.018 1.450

%CV 1.46 1.16

On Board Reagent Stability On Board Calibration Stability
Target: up to 60  days up to 60 days
Criteria: Max % bias vs initial measurement: 8%

Results: On board calibration stability

Results: Linearity on Human sera pool
(3 replicates x each dilution level)
(Elaboration according CLSI EP6-A – Analyse-it vs2.04)

Range Instrument Tested Range
(mg/dL) 

Range Found as Linear
 (mg/dL)

Nonlinear
Coeffi cients

Pool 1 Whole AMR Aeroset 2.34 to 40.73 2.34 to 40.73 Best Linear 

Pool 1 Whole AMR Architect 2.41 to 43.10 2.41 to 43.10 Best Linear

Pool 2 Pathologic AMR Aeroset 0.39 to 9.27 0.39 to 9.27 Signifi cant*

Pool 2 Pathologic AMR Architect 0.42 to 9.77 0.42 to 9.77 Best Linear

Pool 3 Low AMR Aeroset 0.07 to 1.95 0.07 to 1.95 Best Linear

Pool 3 Low AMR Architect 0.08 to 2.00 0.08 to 2.00 Signifi cant*

(*) Signifi cant at alpha = 0.05 
Difference in Fits between Linear-Model and NonLinear-Model are not statistically signifi cant.

Results: Linearity on Human urine pool
(3 replicates x each dilution level)
(Elaboration according CLSI EP6-A – Analyse-it vs2.04)

Range Instrument Tested Range
(mg/dL)

Range Found as Linear
 (mg/dL)

Non-linear
coeffi cients

Pool 1Whole AMR Aeroset 23.40  to 430.05 23.40  to 430.05 Signifi cant*

Pool 1Whole AMR Architect 22.89 to 424.53 22.89 to 424.53 Signifi cant*

Pool 2 Low AMR Aeroset 2.39 to 52.45 2.39 to 52.45 Signifi cant*

Pool 2 Low AMR Architect 2.32 to 50.63 2.32 to 50.63 Signifi cant*

(*) signifi cant at alpha = 0.05. Difference in Fits between Linear-Model and NonLinear-Model are not 
statistically signifi cant.

Results: Methods comparison

Regression
Parameter

AEROSET 
vs. Hitachi

ARCHITECT
c8000 

vs. Hitachi

ARCHITECT 
c8000 

vs AEROSET
Acceptance

Slope 1.000
(0.992 to 1.007)

1.011
(1.003 to 1.019)

1.011
(1.003 to 1.018)

0.95-1.05

Y – Intercept -0.015
(-0.111 to 0.081)

-0.100
(-0.205 to 0.005)

-0.079
(-0.181 to 0.023) NA

Correlation Coeffi cient 0.999 0.999 0.999 > 0.97
Range of samples tested (mg/dL) 0.320 to 38.580 0.320 to 38.580 0.310 to 39.240 NA

Std. Error of estimate (Sy/X) 0.349 0.381 0.371 NA

Average Bias (mg/dL) -0.019
(-0.090 to 0.053)

-0.006
(-0.086 to 0.075)

0.013
(-0.066 to 0.091) NA

N 94 94 94 NA

Regression
Parameter

AEROSET 
vs. Hitachi

ARCHITECT
c8000 

vs. Hitachi

ARCHITECT 
c8000 

vs AEROSET

Acceptance
Criteria

Slope 0.964
(0.955 to 0.973)

0.986
(0.980 to 0.992)

1.022
(1.015 to 1.028)

0.95-1.05

Y – Intercept 1.027
(-0.205 to 2.258)

0.488
(-0.302 to 1.278)

-0.487
(-1.371 to 0.397) NA

Correlation Coeffi cient 0.999 1.000 1.000 > 0.97
Range of samples tested (mg/dL) 5.98 to 398.26 5.98 to 398.26 6.06 to 378.02 NA

Std. Error of estimate (Sy/X) 2.867 1.839 2.046 NA

Average Bias (mg/dL) -2.924
(-3.991 to -1.856)

1.079
(-1.641 to -0.517)

1.845
(1.152 to 2.538) NA

N 60 60 60 NA

Results:  Drugs interferences
On serum

Drug Name Drug
Units

Low
Drug
Conc.

Maximum
%Bias

High
Drug
Conc.

Maximum
%Bias

Pass
Fail

Acetaminophen µmol/L 132.4 -1.2% See Note 1 below.
Acetazolamide µmol/L 270 0.6% 400 0.6% Pass

Acetylsalicylic acid mmol/L 3.62 -1.7% 5 -0.8% Pass
Ascorbic acid µmol/L 342 0.8% 500 0.8% Pass

Cefazolin µmol/L 2643 -0.8% 4000 -2.5% Pass
Chlorothiazide µmol/L 67.6 2.5% 100 2.5% Pass

Cimetidine µmol/L 252 1.7% 500 0.0% Pass
Digoxin nmol/L 7.8 -0.8% 10 -0.8% Pass

Furosemide µmol/L 181 -0.8% 250 -0.8% Pass
Gliclazide µmol/L 100 2.5% 200 1.6% Pass
Ibuprofen µmol/L 2425 -1.7% 5000 -1.7% Pass

Phenindione µmol/L 75 2.5% 150 1.6% Pass
Ranitidine µmol/L 19.1 0.8% 30 -0.8% Pass

Spironolactone µmol/L 1.44 -0.8% 3 -0.8% Pass
Triamterene µmol/L 35 -0.8% 50 -0.8% Pass

Alpha-methyldopa µmol/L 71 -20.8% 100 -25.8% Fail
Dexamethasone µmol/L 1.53 -1.7% 3 -0.8% Pass

Nitrofurantoin µmol/L 16.8 -0.8% 30 -0.8% Pass

On urine

Drug Name Drug 
Units

Low
Drug 
Conc.

Maximum 
%Bias

High
Drug 
Conc.

Maximum 
%Bias

Acetaminophen µmol/L 132.4 -3.2% See Note 1 below.
Acetazolamide µmol/L 270 -2.2% 400 -2.1% Pass

Acetylsalicylic acid mmol/L 3.62 1.2% 5 0.5% Pass
Ascorbic acid µmol/L 342 2.5% 500 2.9% Pass

Cefazolin µmol/L 2643 3.9% 4000 1.0% Pass
Chlorothiazide µmol/L 67.6 2.2% 100 2.7% Pass

Cimetidine µmol/L 252 1.7% 500 1.7% Pass
Digoxin nmol/L 7.8 2.0% 10 1.7% Pass

Furosemide µmol/L 181 -0.9% 250 1.2% Pass
Gliclazide µmol/L 100 -3.2% 200 0.9% Pass
Ibuprofen µmol/L 2425 1.5% 5000 2.9% Pass

Phenindione µmol/L 75 -3.2% 150 -3.0% Pass
Ranitidine µmol/L 19.1 1.3% 30 1.2% Pass

Spironolactone µmol/L 1.44 -0.5% 3 -1.5% Pass
Triamterene µmol/L 35 -3.1% 50 0.9% Pass

Alpha-methyldopa µmol/L 71 1.0% 100 1.2% Pass
Dexamethasone µmol/L 1.53 0.3% 3 0.9% Pass

Nitrofurantoin µmol/L 16.8 1.6% 30 -1.8% Pass

Note 1: Due to the low solubility of acetaminophen in water, only one concentration was tested.

Results: Serum vs Plasma comparison

Y Li-Heparine
#368884

Li-Heparine
(Gel barrier)

#367374

Na-Heparine
#367869

Serum
(Gel Barrier)

#367957
Acceptance

X (Serum Reference) #369032 #369032 #369032 #369032

Slope 1.002
(0.984 to 1.020)

0.993
(0.979 to 1.006)

0.978
(0.964 to 0.992)

1.000
(0.991 to 1.009) 0.95-1.05

Y – Intercept 0.019
 (-0.273 to 0.311)

-0.009
 (-0.223 to 0.206)

0.124
 (-0.101 to 0.350)

0.024
 (-0.118 to 0.166) NA

Correlation Coeffi cient 0.997 0.998 0.998 0.999 > 0.97
Range (mg/dL) 0.49 to 36.23 0.49 to 36.23 0.49 to 36.23 0.49 to 36.23 NA

Std. Error of estimate (Sy/X) 0.828 0.607 0.639 0.402 NA
N 71 71 71 71 NA

Multigent Creatinine (Enzymatic) 
On Board Calibration stability

Aeroset

-10%

-8%

-6%

-4%

-2%

0%

2%

4%

6%

8%

10%

0 10 20 30 40 50 60 70 80 90 100

Time (days)

 
ya

d t
srif   

s
V 

% s
ai

B  la
n

o itr
o

p
or

P

CCCTRL 1 CCCTRL 2 Human serum CLIN CHEM CAL

Multigent Creatinine (Enzymatic) 
on Aeroset

 Endogenous interfering substances  summary plot

-8%

-4%

0%

4%

8%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

% of spiked serum

 
m

ures tae
n sv sa i

b 
%

)
L

d/
g

m 1 ta(

Conjugated Bilirubin 40 mg/dL Unconjugated Bilirubin 46 mg/dL
Hemoglobin 1000 mg/dL Triglycerides 2000 mg/dL
Ascorbic acid 120 mg/dL Glucose 6000 mg/dL
Creatine 100 mg/dL

Multigent Creatinine ( Enzymatic) 
 on Aeroset

Whole measuring range on Serum
(Linear Best Fit)

0

5

10

15

20

25

30

35

40

45

0 10 20 30 40

Theoric Value (Linear Fit) mg/dL

L
d/

g
m 

s
e

ul
a

v 
d

n
u

o
F

Identity

Linear f it
(-0.00 + 1.00x)

Multigent Creatinine (Enzymatic)
on Architect c 8000

Whole measuring range on serum
 (Linear Best Fit)

0

5

10

15

20

25

30

35

40

45

0 10 20 30 40

Theoric Values (Linear fit) mg/dL

L
d/

g
m 

s
e

ul
a

V  
d

n
u

o
F

Identity

Linear f it
(0.00 + 1.00x)
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Whole measuring range on Urine
Difference Plot
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Multigent Creatinine (Enzymatic)
Methods comparison 
Aeroset vs Hitachi 911
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Multigent Creatinine (Enzymatic)
Instruments comparison

Architect c8000 vs Aeroset
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Multigent Creatinine (Enzymatic)
Methods comparison

Aeroset vs  Hitachi 911
Urine
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Architect c 8000 vs Hitachi 911
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Architect c 8000 vs Aeroset
Urine
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AEROSET, ARCHITECT, c8000, and MULTIGENT are registered trademarks of Abbott Laboratories.

cSystems are trademarks of Abbott Laboratories. 

All other trademarks, brands, product names, and trade names are the property of their respective companies. 
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