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Summary 

Background: The present study aims to (1) evaluate the
autoanalyser quality control (QC) module of the Kehua
Polaris c2000 automatic modularised biochemical analyser
and (2) verify the impact of the analyser’s automatic imple-
mentation of internal QC (IQC) testing at a set time point
on the results of IQC and  turnaround time (TAT). 
Methods: For 5 consecutive days, three different methods
were used to conduct IQC. Method 1: Internal QC was car-
ried out at 8:00 every day. Method 2: The QC products
were placed in the instrument calibration QC plate in the
afternoon, and the instrument was set to measure the
products at 7:00 the next day automatically. Method 3:
The QC products were placed in the instrument calibration
QC plate, and the instrument was set up for automatic
measurement at 7:30 every day. All three methods were
compared and evaluated. The effect of IQC on the TAT was
monitored using method 2. 
Results: There were no statistical differences in the IQC
results between methods 2 and 1. However, there were sta-
tistical differences in some items between methods 3 and
1; thus, the IQC results of method 2 can be adopted.
Implementing method 2 for IQC can help achieve a signif-
icant TAT-saving of 35.23 min during the automatic retest
process after the IQC indicates an out-of-control situation.
This time reduction is highly valuable for improving effi-
ciency and streamlining the testing workflow. 

Kratak sadr`aj

Uvod: Ova studija ima za cilj da (1) izvr{i evaluaciju modula
za kontrolu kvaliteta (QC) automatskog modularnog bio-
hemijskog analizatora Kehua Polaris c2000 i da (2) veri-
fikuje uticaj automatskog sprovo|enja unutra{nje kontrole
kvaliteta (IQC) analizatora u odre|eno vreme na rezultate
IQC i vreme obrade (TAT).
Metode: Tokom 5 uzastopnih dana su kori{}ene tri razli~ite
metode za sprovo|enje unutra{nje kontrole kvaliteta (IQC).
Metod 1: Unutra{nja kontrola kvaliteta se sprovodila
svakog dana u 8:00. Metod 2: QC proizvodi su postavljani
na kalibracionu QC plo~u instrumenta u popodnevnim sati-
ma, a instrument je pode{en da automatski meri proizvode
slede}eg dana u 7:00. Metod 3: QC proizvodi su postavl-
jani na kalibracionu QC plo~u instrumenta, a instrument je
pode{en za automatsko merenje svakog dana u 7:30. Sve
tri metode su upore|ene i evaluirane. Efekat IQC na vreme
obrade (TAT) je pra}en kori{}enjem metode 2.
Rezultati: Nije bilo statisti~ki zna~ajnih razlika u rezultatima
unutra{nje kontrole kvaliteta (IQC) izme|u metoda 2 i 1.
Me|utim, postojale su statisti~ke razlike u nekim stavkama
izme|u metoda 3 i 1, te stoga rezultati IQC iz metode 2
mogu da budu prihva}eni. Primena metode 2 za IQC mo`e
da pomogne u smislu smanjenja vremena obrade (TAT) za
35,23 minuta tokom automatskog ponovnog testiranja
nakon {to IQC uka`e na situaciju koja nije pod kontrolom.
Ovo smanjenje vremena je veoma zna~ajno za pobolj{anje
efikasnosti i optimizaciju toka testiranja.
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Introduction 

With the development of medical science, med-
ical laboratories play a crucial role in diagnosing,
treating, preventing diseases and assessing health
status. Laboratory quality control (QC) plays a central
role in ensuring the accuracy and reliability of labora-
tory test results. Quality management of QC covers
the whole experiment process, including preparation
before, operation during, and evaluation after analy-
sis. The purpose is to control the experimental condi-
tions, operators, equipment, and test methods and to
establish and follow the established control criteria to
ensure the test results’ quality (1).

As key equipment in a clinical laboratory, auto-
matic biochemistry analysers can perform various bio-
chemical tests on biological samples such as blood,
serum and plasma, which is indispensable in modern
health care. Such analysers significantly improve the
accuracy and precision of the test by precisely control-
ling the amounts of samples and reagents, reaction
time and temperature, signal acquisition, and result
analysis while substantially improving the efficiency of
the test (2). A large automatic biochemical analyser is
the main equipment for laboratory biochemical tests,
and its internal QC (IQC) results are the main tools to
determine whether the test results are accurate.

In this study, the autoanalyser QC module of
the Kehua Polaris c2000 automatic modular bio-
chemical analysis system was applied. This study
aimed to evaluate the performance of the internal
quality control (IQC) module of the Corva Polaris
c2000 and investigate the impact of its automated
implementation of IQC testing on IQC results and
sample test turnaround time (TAT). The study aimed
to determine whether automated IQC testing could
reduce the impact of human operations and improve
the accuracy and efficiency of the test while verifying
its specific impact on IQC results and TAT, providing
laboratories with a more efficient method to use the
system.

Materials and Methods

Instruments and reagents

The Kehua Polaris c2000 automatic modular
biochemical analysis system and a reagent were pur-

chased from Shanghai Kehua Biological Engineering
Co., Ltd. The detection speed of the system is 2,000
tests per hour. The QC products (L1/L2) were pur-
chased from Roche Diagnostic Products (Shanghai)
Co., Ltd. Details of the reagents, calibrations and QC
products used in this study are shown in Table I, and
the QC rules are in in-control.

Methods

Internal quality control analysis

The QC products (L1/L2) were dissolved in
accordance with the instructions, using three different
methods to perform IQC. 3 replicates per sample per
day. The coefficient of variation of all item results was
<1/4 of the allowable total error (3). All samples
were run in randomised order each day by each
method to reduce bias.

Method 1: After opening the bottle and dissolv-
ing the products, the QC products were kept in a
refrigerator at 2~8 °C. At 8:00 each day, 400 mL of
the QC products were drawn, placed into a micro-
cup, and repeatedly tested thrice for 5 consecutive
days.

Method 2: After opening the bottle and melting
the products, the QC products were kept in a refrig-
erator at 2~8 °C. Next, 400 mL of the QC product was
placed into a micro-cup at 16:00 every day, and the
cup was placed on the IQC plate. The instrument was
set to repeatedly (three times) and automatically
detect at 7:00 the following day for 5 consecutive
days.

Method 3: After opening the bottle and dissolv-
ing the products, 3 mL of the QC products were
placed in the biochemical tube and placed on the
IQC plate. The instrument was set to repeatedly
(three times) and automatically detect at 7:00 the fol-
lowing day for 5 consecutive days.

In Methods 2 and 3, QC samples were selected
to be placed at 16:00 p.m. and then tested at 7:00
a.m. the following morning to mimic the scenario
where the laboratory prepares samples at the end of
the workday and automatically tests using night-time.
This reduces operation during working hours, increas-
es efficiency, and allows IQC testing to be completed
before staff arrives.

Conclusions: Using the autoanalyser QC module of the
Kehua Polaris c2000 automatic modular biochemical
analysis system to perform IQC has no impact on the IQC
test results and can save TAT, as well as automatically cor-
rect most out-of-control occurrences.

Keywords: Polaris c2000 automatic biochemical anal-
yser, clinical biochemical detection, internal quality control,
turnaround time

Zaklju~ak: Kori{}enje QC modula autoanalizatora Kehua
Polaris C2000 automatskog modularnog sistema za bio-
hemijsku analizu za izvo|enje sprovo|enje kontrole kvalite-
ta (IQC) nema uticaja na rezultate IQC testova i mo`e da
skrati vreme obrade (TAT), kao i da automatski ispravi
ve}inu nepravilnosti.

Klju~ne re~i: automatski biohemijski analizator Polaris
c2000, klini~ka biohemijska detekcija, unutra{nja kontrola
kvaliteta, vreme obrade
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The IQC judgment rules are 13S, 22S, R4S,
41S and 8’X. The allowable total error reference was
WS/T 403-2012 Analytical quality specifications for
routine analytes in clinical biochemistry (3). QC sam-
ples are frozen prior to analysis to avoid potential
biases due to factors such as sample evaporation.

Turnaround time monitoring

The IQC detection was performed using method
2, as described previously. The TAT of the first sam-
ples of the day for two consecutive months (45 work-
ing days) (TAT in the laboratory; the time between the
laboratory receiving the samples and issuing the
report) was monitored and compared with that of the
IQC results obtained using method 1.

Table I Specifications of the reagents, calibrations, and quality control products.

Name Manufacturer Method Lot number Date 
ofmanufacture Period ofvalidity

Routine chemical quality Roche 32419608 20191002 20210130

control PCCC1 Diagnostic

Routine chemical quality Roche 16038603 20191108 20210130

control PCCC2 Diagnostic

Kehua calibrator Kehua 2019031K 20190316 20210315

Amylase (AMY) Kehua biology EPS Substrate Method 20200118 20200109 20210119

Total protein (TP) Kehua biology Biuret Method 20190612 20190611 20201230

Albumin (ALB) Kehua biology Bromocresol Green Method 20200218 20200113 20210630

Triglyceride (TG) Kehua biology GPO-PAP Method 2018123C 20181213 20201230

Cholesterol (CHOL) Kehua biology CHOD-PAP Method 20190213 20190210 20200913

Alanine Transaminase Kehua biology UV-LDH Method 20200318 20200311 20210801

(ALT)

Aspartate Kehua biology UV-MDH Method 2020021K 20200216 20210425

aminotransferase (AST)

Alkaline phosphatase Kehua biology AMP Buffer Method 20191013 20191015 20201025

(ALP)

g-Glutamyltransferase Kehua biology L-g-glutamyl-3-carboxy-
4-nitroanilide Method 20191012 20191021 20201101

(g-GT)

Creatine kinase (CK) Kehua biology NAC Method 2019011D 20190115 20210101

Lactate dehydrogenase Kehua biology Lactate Method 20200418 20200420 20210425

(LDH)

Urea nitrogen (BUN) Kehua biology UV-GLDH Method 20190718 20190720 20211015

Uric acid (UA) Kehua biology Uricase-PAP Method 2019031R 20190315 20200920

Creatinine (CREA) Kehua biology Sarcosine Oxidase-PAP
Method 2019071R 20190715 20201025

Calcium (Ca) Kehua biology Arsenazo Colorimetric
Method 20191111 20191121 20201125

Phosphorus (P) Kehua biology UV Method 2019081K 20190815 20201210



The correction rate of automatic retest for run-
away after IQC

During the two months (45 working days) of
IQC using method 2, the total runaway number of 16
testing items and the number of corrections through
automatic retesting and QC were counted. Further -
more, the correction rate was calculated.

Statistical analysis

Statistical analysis was performed using
Microsoft Office Excel 2013 and the SPSS Statistics
18.0 software to complete the calculation of the
mean, standard deviation and coefficient of variation.
If data were normally distributed, the  ± SD was used
with a t-test for comparison. The rank sum test was
used if the data had a skewed distribution. If p <
0.05, the difference was statistically significant.

Results

Internal quality control results using three meth-
ods for 5 consecutive days

According to the IQC judgment rules (13S, 22S,
R4S, 41S and 8), the IQC data of all 16 items tested
using method 1 were not out of control, and the coef-
ficient of variation of all item results was <1/4 of the
allowable total error. The IQC data of the items tested
by methods 2 and 3 were not out of control, and the
coefficient of variation was <1/4 of the allowable
total error (4). The detection results of the three
methods are detailed in Table II. The data had either
normal or approximately normal distribution and were
analysed using a t-test.

Comparison of the test results of method 2
and method 1 

There were no statistical differences in IQC
detection for the 16 items between methods 1 and 2;
hence, method 2 can be used for IQC detection.

Comparison of the test results of method 3 and
method 1 

There were statistical differences in the IQC
results between methods 1 and 3 (Table II). Hence,
method 3 can not be used for IQC detection.

Turnaround time monitoring with method 2 for
autoanalyser quality control

The TAT of the first batch of samples per day
(8:00) for the two months (45 working days) was
shorter by an average of 35.23 min in IQC using
method 2 compared with method 1. The TAT moni-

toring results are detailed in Table III. The results indi-
cated that the Kehua Polaris c2000 biochemical anal-
yser has remote operation capabilities and a special
QC warehouse, which can realise autoanalysed QC.

The correction rate of automatic retesting after
IQC runaway with method 2 

In the two months (45 working days) of IQC
detection using method 2, there were 147 out-of-
control occurrences in 16 testing items; of these
occurrences, 93 were corrected by automatic retest-
ing, with a correction rate of 63.27%. 

Discussion

A fast rate, easy operation, high accuracy and
high sensitivity characterise the automatic biochemi-
cal analyser. At present, the detection process has
essentially been automated. However, IQC still mainly
relies on manual operation; therefore, the operators’
human influence will significantly impact the IQC
results (5, 6). The IQC control of the automatic bio-
chemical analyser effectively controlled the problems
generated in an actual test process and ensured the
accuracy of the test results (7–10). Quality control
itself is technical, professional work, and quality
inspectors are required to have a high level of profes-
sional quality and practical operation skills to ensure
the smooth and efficient development of the testing
work. However, biochemical testing accidents often
occur in the actual operation process due to quality
inspectors’ substandard professional quality. Abnor -
malities in biochemical test IQC processes will affect
the quality of the laboratory work and reduce the
accuracy of the test, resulting in data differences (11)
and affecting the clinical diagnostic accuracy (12).
This will significantly impact the smooth development
of the testing work, testing efficiency and results (13).

As a standardised supervision mechanism, IQC
can monitor and evaluate the test system’s precision
and stability and indirectly evaluate the test results’
accuracy, which is an important mechanism for ensur-
ing the quality of clinical test work (14). The latest
IQC rules must focus on the frequency of QC or the
number of samples to ensure the detection quality
and support the continuous operation of the high-
yield analysis system to obtain the corresponding
report results; that is, develop the QC product detec-
tion frequency according to the number of tests for
each item (15). Such work cannot be completed
manually and only relies on the instrument’s IQC
function. At present, the single-machine biochemical
analyser does not have an autoanalyser QC mecha-
nism, which the automatic assembly line must realise.

The Kehua Polaris c2000 automatic biochemi-
cal analyser does include an autoanalyser. The results
of this study showed that the TAT of the first batch of
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Note: # indicates a statistically significant difference compared with Method 1 (P <0.05).

Table II 5-day test data of Roche conventional chemical QC products.

Quality

Order 
number

Control product Method 1 Method 2 Method 3

level

1 Albumin (g/L) PCCC1 38±0.27 38±0.58 37±0.55#

PCCC2 55±0.45 55±0.60 54±0.71#

2 Cholesterol (mmol/L) PCCC1
PCCC2

2.79±0.03
6.24±0.08

2.80±0.04
6.24±0.07

2.70±0.06#

6.10±0.09#

3 Triglyceride (mmol/L) PCCC1 1.56±0.02 1.58±0.02 1.54±0.03#

PCCC2 2.93±0.05 2.96±0.03 2.90±0.06

4 Urea nitrogen (mmol/L) PCCC1 8.06±0.15 8.12±0.21 7.97±0.29

PCCC2 22.12±0.36 22.37±0.48 22.16±0.46

5 Uric acid (mmol/L) PCCC1 335±5.15 339±4.57 333±5.99

PCCC2 747±8.66 751±9.11 749±13.10#

6 Creatinine (mmol/L) PCCC1
PCCC2

108±1.40
425±5.12

109±1.67
426±4.85

113±2.08#

434±6.29#

7 Glutamic oxaloacetic
transaminase (U/L) PCCC1 61±0.62 61±0.74 60±0.60

PCCC2 170±1.39 170±1.01 170±0.93

8 Alanine 
aminotransferase (U/L) PCCC1 57±0.23 57±0.69 57±0.71

PCCC2 147±0.71 147±1.02 147±0.96

9 Creatine kinase (U/L) PCCC1 179±1.90 179±1.76 179±2.36

PCCC2 354±4.53 354±3.17 353±4.57

10 Isocitrate 
dehydrogenase (U/L) PCCC1 180±4.08 181±3.33 184±6.31#

PCCC2 326±7.12 326±7.11 330±5.69#

11 Amylase(U/L) PCCC1 107±1.00 108±0.87 109±1.53#

PCCC2 246±2.17 246±2.80 247±3.11

12 Alkaline phosphatase
(U/L) PCCC1 116±2.23 117±1.47 116±2.58

PCCC2 258±5.17 260±4.04 257±3.93

13 g-Glutamyl 
transpeptidase (U/L) PCCC1 52±0.56 53±0.39 51±0.68#

PCCC2 274±2.23 274±1.67 271±2.67#

14 Total protein (g/L) PCCC1 57±0.53 57±0.54 57±1.34

PCCC2 87±0.83 87±1.20 86±0.83#

15 Calcium (mmol/L) PCCC1 2.59±0.03 2.60±0.04 2.51±0.05#

PCCC2 3.74±0.04 3.76±0.04 3.68±0.04#

16 Phosphorus (mmol/L) PCCC1 1.52±0.02 1.52±0.02 1.4±0.02#

PCCC2 2.83±0.02 2.83±0.03 2.79±0.02#

Item
Method
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samples per day (8:00) for the two months (45 work-
ing days) was shorter by an average of 35.23 min in
IQC using method 2 compared with method 1, which
indicated that the Kehua Polaris c2000 biochemical
analyser has a remote operation ability and a special
QC warehouse, which can, to some degree, realise
autoanalysed QC. The QC products are placed in a
manner relevant to the tests required; the following
day, the instrument can complete the instrument
preparation and QC detection function before staff
arrive at the laboratory to carry out testing work. This
simplifies the operational steps and greatly reduces
the sample detection cycle time. Balık AR et al. (16),
using Beckman Coulter AU680 and Roche Cobas
8000 autoanalyser, reported that appropriate specifi-
cation limits should be defined to examine test meth-
ods that meet the objectives for fitness for clinical pur-
poses.

In case of loss of control, the analyser can also
automatically retest for QC, and most random errors
can be corrected. The results of this study show that
the stability of advanced placement of conventional
Roche chemicals in the QC warehouse can support
the automatic implementation of IQC on the next day. 

However, some limitations remain in this study.
First, only one automatic biochemical analyser was
used in this study, and subsequent analysis using mul-
tiple instruments was required to verify the reliability
of the experimental conclusions. Second, the correc-
tion rate in this study was 63.27%, and some degree
of manual intervention was still required to ensure
higher accuracy. Finally, the normativity of the opera-
tor needs to be ensured to reduce the result offset
brought by the operator.

Conclusion

The Kehua Polaris c2000 biochemical analyser
has remote operation ability and a special QC ware-

house. Using its autoanalyser QC module to perform
IQC did not impact the IQC detection results present-
ed in this study and could shorten the TAT and auto-
matically correct a degree of IQC runaway.
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Table III TAT time comparison.

TAT of IQC with
method 1

TAT of IQC with
method 2

Number of Tests 50 50

Timequantum 45 d 45 d

Mean 96.45 min 61.22 min

Median 87 (59, 178) min 53 (31, 156) min
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