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Abstract: In order to ensure the accuracy of laboratory test results, performance
verification of the Beckman Coulter Model AU5821 Automated Biochemistry Analyser
was carried out to validate the reliability of the manufacturer's stated performance
specifications for the test system. With reference to CNAS-GL037:2019 ‘Guidelines for
Performance Validation of Quantitative Clinical Chemistry Test Procedures’ and WS/T
407-2012, the BECKMAN COULTER AU5821 Automatic Biochemistry Analyser was
used to perform routine tests on potassium, sodium, chloride, total protein, albumin, total
bilirubin, alanine aminotransferase, aspartate aminotransferase, alkaline phosphatase,
creatine kinase, urea nitrogen, creatinine, uric acid, glucose, triglycerides, cholesterol,
HDL, LDL, calcium, glucose, triglycerides, cholesterol, LDL, calcium, glucose,
glutaminase, glutaminyl kinase and glutaminase. Alkaline Phosphatase, Glutamyl
Aminotransferase, Creatine Kinase, Urea Nitrogen, Creatinine, Uric Acid, Glucose,
Triglyceride, Cholesterol, HDL, LDL, Calcium, Phosphorus, Magnesium, etc. The
correctness, precision, reportable interval, linear range, reference range of the 22 items are
measured. The precision and correctness of the 22 routine biochemical test items
determined by the testing system are in line with the judgement standards of the document
WS/T407 2012; the linear ranges, reportable ranges, reference ranges, and statements of
the routine test items are consistent with those of the manufacturer. The BECKMAN
COULTER AUS5821 fully automated biochemistry analyser testing system meets the
performance targets for quality objectives and can perform routine clinical sample testing.

1. Introduction

BECKMAN COULTER AU5821 automatic biochemistry analyser is a new concept of modular
combination of biochemistry analysis system launched by Beckman Diagnostics, this room
biochemistry analyser includes one ISE module and two biochemistry module a total of three
modules, which ISE module 900 tests per hour, each biochemistry module 4000 tests per hour [9].
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Such detection rates play a huge role in daily work, but relying on high speed alone does not ensure
accurate and reliable test results. For this reason, we have validated the performance of this
state-of-the-art testing system, with the aim of improving the overall quality of work in the
Biochemistry Unit of the Department of Laboratory Medicine in The Affiliated Hospital of Qingdao
University, Qingdao, Shandong, China and laying a solid foundation for the accuracy of every test
result [6]. At the same time, the analytical performance validation of the testing system is also an
important part of the quality management of clinical testing [8]. The laboratory validates the
performance of fully automated biochemistry testing systems for potassium[2], sodium, chloride,
total protein, albumin, total bilirubin, alanine aminotransferase, aspartate aminotransferase, alkaline
phosphatase, glutamyl aminotransferase, creatine kinase, urea nitrogen, creatinine, uric acid,
glucose, triglyceride, cholesterol, high-density lipoproteins (HDLs), low-density lipoproteins
(LDLs), calcium, phosphorus, and magnesium, validated for accuracy, precision, linear range,
reportable range, and reference range. The assay methods and results are summarized and reported
below.

2. Materials and methods
2.1 Instruments and reagents

Instruments BECKMAN AU5821 automatic biochemical analyser and reagents are for the
selection of reagents and calibrators, we used products from Beckman Inc. and Beijing Leaderman
Biotechnology Co. Ltd. (China) while for quality control products, they came from Burroughs
Diagnostics Ltd. in the United States

2.2 Specimens

The specimens were obtained from 40 healthy individuals with normal physiological parameters,
20 males and 20 females, whose laboratory tests for blood pressure, heart rate, liver function, blood
glucose, blood lipids and routine blood tests showed normal results. Electrocardiogram, chest X-ray
and ultrasound showed no positive lesions. None of the participants had a history of diabetes
mellitus, liver disease, kidney disease, or cardiovascular disease, and they had never used any
medications or health supplements. They had no history of surgery within 6 months and no blood
transfusion or donation within 4 months. In addition, the pregnant population was excluded from
these specimens to ensure the absence of confounding factors such as lipaemia, haemolysis and
jaundice.

3. Methodology
3.1 Correctness verification

With the recommendation of CNAS-GL037:2019 ‘Guidelines for Performance Validation of
Quantitative Clinical Chemistry Testing Procedures’ document 6.2, no less than 5 inter-room
Quality Control (QC) substances samples were selected, and each sample was repeated not less than
thrice, the test results were recorded, the mean value of all the test results and bias was calculated,
and the samples of the present experiment were the first China Ministry of Health Clinical
Inspection center routine chemistry inter-room QC substances in 2023. The mean value is not more
than half of Total error allowable (TEA) as a judgement criterion.
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3.2 Precision verification

Intermediate precision: Under indoor QC control, take a sufficient amount of two levels of QC,
measure 4 times a day for 5 consecutive days, and calculate the intermediate precision (total CV) of
each concentration level. The intermediate (indoor) precision (total CV) of each concentration level
should be <1/3TEA.

Intra-batch precision: Take a sufficient amount of mixed serum of two levels, repeat the
determination 10 times in the same batch, calculate the mean, standard deviation and coefficient of
variation. Repeatability precision (intra-batch CV) of each concentration level should be <1/4TEA.

3.3 Linearity range verification

Collect samples close to the upper and lower limits of the linear range (H and L), prepare
samples at different concentration levels according to L, 4L+1H, 3L+2H, 2L+3H, L+4H, H. Repeat
the determination three times to take the mean value, calculate the linear regression equation
between the measured mean value and the theoretical value, as well as the correlation coefficient
and other parameters. The primary coefficient a in the regression equation should be between
0.97-1.03; the square of the correlation coefficient R should be >0.95; and the relative deviation
between the measured mean value and the theoretical value of each level should be <1/2 TEA.

3.4 Reportable scope validation

Take the high concentration sample for dilution, the dilution times include the maximum dilution
times declared by the manufacturer, and the original sample were repeated three times to take the
average value, calculate the relative deviation between the measured average value and the
theoretical value of each dilution level. If the relative deviation between the measured mean value
and the theoretical value is <1/2 TEA, the validated dilution is considered valid. The lower limit of
the linear range is the lower limit of the reportable range, and the upper limit of the linear
range*maximum dilution gives the upper limit of the reportable range.

3.5 Evaluation of biological reference intervals

Forty fresh samples, including 20 male and 20 female specimens, were selected for one-time
measurement, and the results were statistically analysed to see if the results were within the normal
reference range adopted by the laboratory for the 20 male and 20 female specimens, respectively.

Among the data of 20 test subjects of male and female respectively, the ratio R was calculated
with reference to the reference interval provided by the reagent instruction manual, and the formula
was R=number of cases in which the detection value did not exceed the reference interval provided
by the reagent instruction manual/20, and when R > 90%, it means that the validation is acceptable
and passes; otherwise, the validation does not pass.

That is, if no more than 2 of the 20 test values fall outside the boundaries of the reference range
adopted by the section, then the reference range adopted by the laboratory is accepted.

3.6 Statistical methods

Data were analysed using Excel software to calculate means, biases, coefficients of variation,
correlation coefficients and regression equations.
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4. Results
4.1 Correctness test results

The results of correctness are shown in Table 1, and the maximum bias of all 22 routine
biochemical items ranged from -3.91% to 4.34%, and the test bias of all 22 routine biochemical
items were not more than half of the maximum deviation allowed by the WS/T403 2012 standard,
which sufficiently proved that their accuracy meets the requirements.

Table 1 Correctness evaluation results

Maximum  bias | Maximum | Judgement
Item Conformity rate erissible conclusion Rate Error
y P

K 0.99% 100.00% 42.00% >80% acceptable
NA 1.00% 100.00% +2.00% >80% acceptable
CL 1.09% 100.00% 42.00% >80% acceptable
TP 1.49% 100.00% 22.50% >80% acceptable
ALB 2.01% 100.00% 43.00% >80% acceptable
TBIL 3.87% 100.00% +7.50% >80% acceptable
ALT -3.29% 100.00% 28.00% >80% acceptable
AST -3.47% 100.00% 47.50% >80% acceptable
ALP 2.18% 100.00% 49.00% >80% acceptable
GGT 1.50% 100.00% 45.50% >80% acceptable
CK -3.69% 100.00% +7.50% >80% acceptable
UREA | 0.13% 100.00% #4.00% >80% acceptable
CREA | 1.39% 100.00% 46.00% >80% acceptable
UA 4.34% 100.00% 36.00% >80% acceptable
TG 3.50% 100.00% 47.00% >80% acceptable
CHOL | 0.77% 100.00% #4.50% >80% acceptable
HDL -3.91% 100.00% #5.0% >80% acceptable
LDL 1.38% 100.00% #15.0% >80% acceptable
CA -1.11% 100.00% +2.50% >80% acceptable
P 1.52% 100.00% 45.00% >80% acceptable
MG -1.76% 100.00% 37.50% >80% acceptable
GLU 1.11% 100.00% 43.50% >80% acceptable

4.2 Precision results

The results of intermediate precision are shown in Table 2, the low value inter-day precision is
between 0.71% and 3.74%, the high value inter-day precision is between 0.21% and 2.31%, and all
of them are less than 1/3 of the maximum deviation allowed by WS/T403 2012.

The results of intra-batch precision are shown in Table 3, with the low value intra-batch precision
ranging from 0.22% to 3.26% and the high value intra-batch precision ranging from 0.35% to
1.28%, and all of them are less than 1/4 of the maximum deviation allowed by WS/T403 2012.

All of them were less than 1/4 of the maximum deviation allowed by WS/T403 2012.

In conclusion, the intra-batch and intermediate precision of all 22 routine biochemical indicators
were less than the corresponding standards, and the precision met the clinical needs.
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Table 2 Intermediate precision validation results

Item low value CV High value CV 1/3TEA
K 0.92 0.7 1.33
NA 0.76 0.21 1.33
CL 0.71 0.38 1.33
TP 0.98 0.55 1.67
ALB 1.8 1.93 2
TBIL 1.98 2.31 5
ALT 1.44 0.92 5.33
AST 0.98 0.67 5
ALP 1.67 0.75 6
GGT 3.16 1.36 3.67
CK 0.86 1.23 5
UREA 1.21 15 2.67
CREA 1.86 1.83 4
UA 0.94 0.97 4
TG 2.2 0.82 4.67
CHOL 1.37 1.2 3
HDL 3.74 1.24 10
LDL 1.97 1.45 10
CA 1.34 0.92 1.67
P 2.19 0.63 3.33
MG 2.73 1.05 5
GLU 1.61 0.47 2.33
Table 3 Results of intra-batch precision validation
Item low value CV High value CV 1/4TEA
K 0.22 0.45 1
NA 0.55 0.35 1
CL 0.27 0.35 1
TP 0.72 0.73 1.67
ALB 1.25 0.86 1.5
TBIL 0.98 0.69 3.75
ALT 1.78 1.28 4
AST 1.55 0.68 3.75
ALP 0.82 0.55 4.5
GGT 2.03 0.93 2.75
CK 1 0.77 3.75
UREA 1.63 0.53 2
CREA 2.67 0.85 3
UA 0.26 0.29 3
TG 1.08 0.7 3.5
CHOL 1 0.4 2.25
HDL 3.26 1.12 7.5
LDL 0.58 1.21 7.5
CA 0.64 0.39 1.25
P 1.7 0.75 2.5
MG 1.58 1.28 3.75
GLU 1.74 0.42 1.75
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4.3 Linear range

The results of the linear range test are shown in Table 4, the slope of the correlation equation is
between 140.03, the correlation coefficient R? is greater than or equal to 0.95, and the simultaneous
values are between 0.97 and 1.03, which is in line with the requirements.

4.4 Reportable Scope

Reportable scopes have been obtained for the individual projects, consistent with the
manufacturers' statements, and the results are shown in Table 4.

Table 4 Linear range validation

Item Linear range Regre_ssion R2 Reportable
equation scope
K mmol/L 1.14-9.94 y=1.003x+0.032 0.9998 | 1.14-39.77
NA mmol/L 51.6-198.55 | y=1.001x+0.195 1.0009 |51.6-397.11
CL mmol/L 52.2-198.71 | y=1.002x+0.927 0.9997 | 52.20-397.42
TP g/L 13.83-95.93 | y=0.989x+0.108 1 13.83-479.69
ALB g/L 11.0-59.4 y=1.007x+0.102 0.9993 | 11-118.80
TBIL umol/L 1.13-648.83 | y=0.996x+2.264 0.9999 | 1.13-3244.17
ALT U/L 2.37-597.93 | y=0.998x-1.010 0.9999 | 2.37-11958.67
AST U/L 2.33-587.77 | y=0.994x-1.279 0.9935 | 2.33-11755.33
ALP U/L 25.87-740.23 | y=1.000x+0.386 1.0004 | 25.87-14804.67
GGT U/L 2.37-498.93 | y=0.999x-1.567 0.9999 | 2.37-9978.67
CK U/L 30.03-987.57 | y=0.993x+6.433 0.9995 | 30.03-19751.33
UREA mmol/L | 0.63-33.09 y=0.9961x-0.0409 |1 0.63-330.93
CREA umol/L | 0.5-2196.5 y=1.003x+2.065 1 0.5-2196.5
UA umol/L 6.07-1171.53 | y=0.995x+0.184 0.9999 | 6.07-5757.67
TG mmol/L 0.12-11.02 y=1.002x-0.011 0.9999 | 0.12-88.19
CHOL mmol/L | 0.34-18.57 y=0.996x-0.062 0.9998 | 0.34-92.83
HDL mmol/L | 0.13-3.89 y=0.9991x+0.923 |1 0.13-15.55
LDL mmol/L 0.14-25.48 y=0.960x+0.007 0.9939 | 0.14-127.40
CA mmol/L 1.08-3.97 y=0.999x+0.007 0.9998 | 1.08-15.87
P mmol/L 0.00-3.96 y=0.9892x-0.004 0.9994 | 0.00-19.82
MG mmol/L 0.06-1.96 y=1.001x+0.011 0.9998 | 0.06-9.80
GLU mmol/L | 0.16-27.13 y=1.000x+0.049 0.9999 | 0.16-135.63

4.5 Biological Reference Intervals

Of the 22 biochemical results from 40 samples (20 of each sex), 90 per cent were within the
biological reference intervals (BRIs) set by the laboratory, proving that the BRIs given in the
laboratory report were acceptable, as shown in Table 5.
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Table 5 Biological reference interval validation results

Item Reference interval R/100%

K mmol/L Male:3.5-5.5;Female:3.5-5.5 Male:100;Female:95
NA mmol/L Male:137-147;Female:137-147 Male:95;Female:95
CL mmol/L Male:99-110;Female:99-110 Male:100;Female:100

TP g/L Male:65-85;Female:65-85 Male:100;Female:95

ALB g/L Male:40-55;Female:40-55 Male:100;Female:100

TBIL umol/L Male:0-26;Female:0-21 Male:100;Female:100

ALT U/L Male:9.0-50;Female:7.0-40 Male:100;Female:100

AST U/L Male:15-40;Female:13-35 Male:100;Female:100

ALP U/L Male:45-125;Female:35-135 Male:95;Female:100

GGT U/L Male:10-60umol/L;Female:7-45umol/L | Male:100;Female:100

CKU/L Male:5-310;Female:40-200 Male:100;Female:100
UREA mmol/L Male:3.1-8.0;Female:3.1-8.0 Male:100;Female:100
CREA umol/L Male:31-132;Female:31-132 Male:100;Female:100

UA umol/L Male:89.2-416;Female:89.2-339 Male:95;Female:95

TG mmol/L Male:0.30--1.92;Female:0.30--1.92 Male:100;Female:100
CHOL mmol/L Male:2.32-5.62;Female:2.32-5.62 Male:100;Female:100
HDL mmol/L Male:0.8-1.8;Female:0.8-2.35 Male:100;Female:100
LDL mmol/L Male:1.90-3.12;Female:1.90-3.12 Male:100;Female:95
CA mmol/L Male:2.11-2.52;Female:2.11-2.52 Male:100;Female:95

P mmol/L Male:0.85-1.51;Female:0.85-1.51 Male:95;Female:100

MG mmol/L Male:0.75-1.02;Female:0.75-1.02 Male:100;Female:95
GLU mmol/L Male:3.90-6.12;Female:3.90-6.12 Male:95;Female:100

4.6 Discussion

With the rapid advances in laboratory medicine, the proliferation of automated analytical
instruments has led to increasingly stringent clinical demands on the accuracy of test resultst®l. In
order to maintain test quality, performance evaluation of testing systems or methods takes a central
place in quality management®. In addition to in-house quality control and inter-room quality
evaluationt”l, performance validation of instruments becomes a critical step for laboratories to
ensure the quality of tests and provide solid technical support for clinical decision-making®!.

The CNAS-GL037:2019 standard plays a pivotal role in performance validation, not only as a
strict requirement for clinical laboratory management, but also as an important reflection of the
responsibility for patient test results. Performance verification™, in short, is through a series of
scientific verification steps, a comprehensive assessment of the effectiveness of the testing system,
to ensure that it can meet the expected standard of use, to meet the needs of clinical testing, and in
line with the manufacturer's claimed performance indicators. Whether the equipment is newly
introduced or has undergone major repairs, performance validation must be carried out before it is
put back into use. When validating the performance of a test instrument, the following core aspects
are usually focused on: accuracy, precision, linear range, reportable intervals, and reference range
validation!*?, Accuracy is the lifeline of a test result, which reflects the closeness between the
measurement result and the true valuel*®. An accurate test result is important for clinical diagnosis
and treatment. Precision, on the other hand, refers to the consistency between the results obtained
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from many repeated measurements. It reflects the stability and reliability of the detection system. A
high precision instrument means that its measurements are more stable and repeatable. Linear range,
on the other hand, refers to the range of substance concentrations that can be accurately determined
by the detection system. Within this range, the results of the detection system should be reliable.
The reportable range is the concentration range of a substance that has clinical diagnostic
significance. When the concentration of the substance to be measured is beyond the analytical range
of the instrument, we can ensure the reliability of the measurement results through appropriate
pre-processing methods (e.g. dilution or concentration). Finally, reference interval validation is used
to assess the applicability of the reference interval. Before performing a clinical test, we must
validate the reference range to ensure that it meets the requirements of the clinical laboratory test!*!,
Performance validation is a key component to ensure the quality of clinical laboratory tests.
Through comprehensive evaluation of the test system, we can ensure its accuracy, precision, linear
range, reportable range and reliability of reference intervals, so as to provide patients with more
accurate and reliable test results and provide strong support for clinical diagnosis and treatment.

5. Conclusion

In conclusion, the results of the analytical performance evaluation of Beckman Coulter AU5821
Automatic Biochemical Analyser are in line with the analytical performance specified by the
manufacturer, and all the testing performance meets the requirements of the national health industry
standards, and the results are credible and can meet the clinical needs.
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