J Med Biochem 2017; 36 (4)

DOI: 10.1515/jomb-2017-0026

UDK 577.1 : 61

J Med Biochem 36: 301-308, 2017

ISSN 1452-8258

Original paper
Originalni nau¢ni rad

THE EVALUATION OF ANALYTICAL PERFORMANCE
OF IMMUNOASSAY TESTS BY USING SIX-SIGMA METHOD

PROCENA ANALITICKE 1ZVODLJIVOSTI IMUNOODREDIVANJA
PRIMENOM SIX-SIGMA METODE

Rukiye Nar’, Dilek Iren Emekli?

TFaculty of Medicine, Department of Medical Biochemistry, Ahi Evran University, Kirsehir, Turkey
°Department of Medical Biochemistry, Special Ege City Hospital, Izmir, Turkey

Summary

Background: The Six-Sigma Methodology is a quality
measurement method in order to evaluate the perform-
ance of the laboratory. In the present study, it is aimed to
evaluate the analytical performance of our laboratory by
using the internal quality control data of immunoassay tests
and by calculating process sigma values.

Methods: Biological variation database (BVD) are used for
Total Allowable Error (TEa). Sigma values were determined
from coefficient of variation (CV) and bias resulting from
Internal Quality Control (IQC) results for 3 subsequent
months. If the sigma values are =6, between 3 and 6, and
<3, they are classified as »world-class«, »good« or »un-
acceptable«, respectively.

Results: A sigma value >6 was found for TPSA and TSH for
the both levels of IQC for 3 months. When the sigma val-
ues were analyzed by calculating the mean of 3 months,
folate, LH, PRL, TPSA, TSH and vitamin B12 were found
>6. The mean sigma values of CA125, CA15-3, CA19-9,
CEA, cortisol, ferritin, FSH, FT3, PTH and testosteron were
>3 for 3-months. However, AFR CA125 and FT4 pro-
duced sigma values <3 for varied months.

Conclusions: When the analytical performance was evalu-
ated according to Six-Sigma levels, it was generally found
as good. It is possible to determine the test with high error
probability by evaluating the fine sigma levels and the tests
that must be quarded by a stringent quality control regime.
In clinical chemistry laboratories, an appropriate quality
control scheduling should be done for each test by using
Six-Sigma Methodology.
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Kratak sadrzaj

Uvod: Six-Sigma metodologija je nacin merenja kvaliteta
radi procene izvodljivosti metoda u laboratoriji. U ovom
radu pocenjivana je analiticka izvodljivost u nasoj labo-
ratoriji primenom rezultata unutrasnje kontrole kvaliteta
imunoodredivanja izraCunavanjem six sigma vrednosti.
Metode: Podaci bioloske varijacije (BVD) su kori$¢eni za
ukupnu dozvoljenu gre$ku (TEa). Sigma vrednosti su izra-
Cunate iz koeficijenta varijacije (CV) i odstupanja od rezul-
tata unutrasnje kontrole kvaliteta (IQC) u toku tri uzastopna
meseca. Ako su sigma vrednosti bile =6, izmedu 3 i 6, i
<3 klasifikovane su kao »odli¢ne«, »dobre«, odnosno »ne-
prihvatljive«.

Rezultati: Sigma vrednost >6 nadena je za TPSA i TSH za
oba nivoa IQC za tri meseca. Kad je ra¢unata srednja
vrednost za sigma za tri meseca za folat, LH, PRL, TPSA,
TSH i vitamin B12 ona je bila >6. Srednje sigma vrednosti
za C125, CA15-3, CA19-9, CEA, kortizol, feritin, FSH,
FT3, PTH i testosteron bile su >3 za tri meseca. Medutim,
za AFP CA125 i FT4 iznosile su <3 za razli¢ite mesece.
Zaklju¢ak: Kad je analiticka izvodljivost procenjivana Six-
Sigma metodom nadeno je da je ona bila uglavhom dobra.
Moguce je da se proceni metoda sa visokom greskom ve-
rovatno¢e primenom six sigma metode, te se preporucuje
da se u svakoj laboratoriji primenjuje metodologija Six-
Sigma za procenu primenjivanih testova.

Kljuéne reéi: koeficijenat varijacije, odstupanie, six sigma,
ukupna dozvoljiva greska, testovi za imunoodredivanije
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Introduction

In clinical laboratories, medical laboratory
processes can be devided in three basic stages; pre-
analytical, analytical and post-analytical. Errors that
will appear in each phase may negatively affect the
test results and the magnitude of total error should be
calculated for each phase (1, 2). When the laboratory
errors are evaluated according to these stages, it is
found that errors mostly occur at the pre-analytical
phase, secondly at post-analytical phase and finally
the lowest rate is found at the analytical phase (3).

There are two types of measurement errors: ran-
dom and systematic errrors. Inaccuracy and impreci-
sion, which are the typical features of analytical per-
formance, are basic parameters for systematic and
random errors (4). These parameters are expressed
as bias and coefficient of variation (CV), and can be
used to calculate the total error (TE) (5). The total
error of a test is calculated by: TE = Bias + 1.65CV.

TEa is a useful parameter for determinating
required laboratory test quality which combines the
effects of systematic and random errors (6). The TEa
values of several clinical chemistry analytes have been
reported and they are accessible (7, 8).

The Six-Sigma Methodology may be used to
evaluate the quality of the analytical phase by com-
bining bias, imprecision and TEa (9). In 1986,
Motorola Inc. started to use Sigma metrics as a statis-
tical-based method in order to reduce the variation in
electronic manufacturing processes in the USA. It
contains 5 phases including define, measure, ana-
lyze, improve and control (DMAIC) (5). These phases
are universal, and they can be performed in industry,
business and health sectors (2). The sigma value of a
test enables to determine targets for improving the
quality of the test in laboratory, or to accept the cur-
rent quality of the test if the quality is adequate (10).

Sigma Metric is calculated by using the formula
of sigma (c)=(TEa-bias)/CV (5, 11). High sigma val-
ues means low analytical errors and acceptable test
results (6). Low sigma metric value is accepted as an
error or a defect. The defect value is measured in
defects per million (DPM) (12). The Six-Sigma is
focused to control a process in 6 standard deviations
(SD) and it is equal to 3.4 DPM. The success with Six
Sigma Quiality is accepted as the perfection standard.
A performance at the 3-sigma level is considered
as the minimum quality for manufacturing process (2,
5).

In the present study, we evaluated the analytical
phase by determining the analytical performances
and calculated sigma values by using internal quality
control (IQC) data of 18 tests.

Materials and Methods

The present study was conducted in the clinical
chemistry laboratory of the Ahi Evran University
Research and Education Hospital. Internal quality
control (IQC) data of 18 analytes were analyzed ret-
rospectively over a period of 3 months from June
2015 to August 2015 using Cobas €601 analyzer
(Roche Diagnostics, Germany). 18 serum immuno-
assay tests were included: a1-fetoprotein (AFP), can-
cer antigen 19-9 (CA19-9), carcinoembryonic anti-
gen (CEA), cortisol, ferritin, folate, follicle-stimulating
hormone (FSH), free thyroxine (FT4), free triiodo-
thyronine (FT3), luteinizing hormone (LH), para-
thyroid hormone (PTH), prolactin (PRL), testosteron.
Thyroid-stimulating hormone (TSH), total prostate-
specific antigen (TPSA) and vitamin B12. All reagents
were obtained from Roche and used according to the
manufacturer’s package inserts.

Both normal (IQC1) and pathological (1QC2)
levels of QC materials were assayed before analysing
of patient samples every day. Cobas PreciControl
Tumor Marker, PreciControl Varia and PreciControl
Universal QC materials were belong to Roche Diag-
nostics company and QC values were based on the
reference method. The instruments was calibrated
regularly. 1QC data were obtained from Laboratory
Data Management System (SARUS LIS, Labiratory
Information System). Faulty values arising from false
control samples were excreted.

Following the determination of mean and SD
values, CV, bias and sigma values were calculated
according to the following formulations. The target
mean, labaratory mean and SD values of each test
are presented in Table .

Coefficient of variation calculation

Imprecision, expressed as coefficient of variation
(% CV) was determined from the calculated mean
and Standard deviation evaluated from internal qua-
lity control (IQC) data.

CV is the ratio of the SD which is obtained from
a data set to the mean (x) and it is expressed as a

percentage of variance to the mean; CV(%)=(SD/
Mean of IQC data) x 100.

Determination of Bias

Bias was calculated as the percentage difference
of the average of observed results for each analyte
from the target values provided in the roche control
package inserts. Percent bias values of each test were
calculated separately between June, July and August
2015.

%Bias= [(our laboratory mean of 1QC data-tar-
get mean of IQC data)/target mean of IQC
data]x100
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Table | The target mean, laboratory mean and SD values of each test.
IQC 1 IQC 2

Assay name - June July August June July August

" ean | 50 | mean | S | mean | O | | mean | S0 | mean | SO | mean |
AFP 9.28 | 864 | 044 | 863 |041| 8.64 | 0.44 | 123 | 103.4 | 2.39 |108.98| 3.61 [113.50| 6.24
CA125 321 | 3541 | 295 | 35.60 |3.46 | 35.41 | 2.95 | 107 {108.10| 7.20 {114.00| 9.00 [113.30| 5.30
CA15-3 20.7 | 19.68 | 0.68 | 19.33 | 0.71| 19.68 | 0.68 | 97.9 | 94.33 | 4.05 | 87.89 | 2.36 | 93.50 | 4.80
CA19-9 228121811099 | 2047 |090| 21.81 | 099 | 86 | 99.78 | 7.42 | 98.80 | 3.96 | 94.34 | 8.56
CEA 48 | 464 | 020 | 441 |015| 4.64 | 0.20 | 54.2 | 47.88 | 0.78 | 47.06 | 0.86 | 50.88 | 2.29
TPSA 4 3.80 | 017 | 3.66 [010| 3.80 | 0.17 | 40.7 | 40.12 | 0.94 | 39.39 | 0.79 | 40.17 | 2.02
Vitamin B12 | 476 |491.70|18.58|479.00 | 5.40 |491.70|18.58 | 896 |943.50|47.91|895.40(21.08|938.80|16.48
Ferritin 146 (143.55| 6.48 |141.60 | 4.56 |143.55| 6.48 | 928 |918.65|12.71|896.00 |33.52|897.50|39.59
Folat 389 | 383 (024 | 386 |0.20| 3.83 | 0.24 |11.7 | 10.98 | 0.32 | 11.84 | 0.73 | 11.02 | 0.63
PTH 62.8 | 63.70 | 2.86 | 56.69 | 3.71| 63.70 | 2.86 | 195 |173.55| 3.00 |171.00| 9.02 [190.45| 6.38
FT3 396 | 406 |010| 4.05 |010| 4.06 | 010 |18.6 | 18.57 | 0.22 | 18.55 | 0.33 | 18.98 | 0.49
FT4 1241 123 | 0.03| 122 |0.03| 123 |0.03| 48 | 470 | 013 | 461 |011 | 4.66 | 013
TSH 15| 151 | 0.04| 150 |0.02| 151 | 0.04 |838| 838 | 0.08 | 838 |0.16| 8.44 | 0.16
LH 9.91| 9.20 | 0.35| 9.34 |0.30| 9.20 | 0.35 | 50.5| 47.22 | 1.24 | 48.59 | 1.97 | 48.12 | 1.54
PRL 11.5 | 10.61 | 0.49 | 10.92 | 0.32 | 10.61 | 0.49 | 42 | 40.05 | 0.92 | 39.55 | 1.36 | 38.95 | 1.39
Testesteron | 5.62 | 580 |0.14| 566 |0.19| 580 | 014|236 | 2.30 | 0.06 | 2.34 |0.07 | 2.45 | 0.05
Cortizol 14.32| 14.92 | 0.64 | 14.63 |0.80 | 14.92 | 0.64 | 31.3 | 31.26 | 0.90 | 32.07 | 1.14 | 32.68 | 1.14
FSH 16.3 | 15.51 | 0.57 | 15.17 | 0.54 | 15.51 | 0.57 | 51.8 | 47.09 | 117 | 48.57 | 2.08 | 48.97 | 1.84

Allowable total error (TEa)

The sigma metrics were calculated using TEa

Sigma metric (c)= (%TEa-%Bias) / %CV

Sigma values were used to determine the analy-

goals from one source in order to understand the
effect of TEa on estimates of Sigma metrics: the
Desirable Biological Variation Database (8). These
source is regularly updated and can be freely acces-
sed through http://www.westgard.com.The TEa val-
ues of each test are presented in Table II.

Sigma metric calculation

Sigma (o) value was used in order to determine
the analytical performance characteristics of sigma
value tests by using CV (obtained from 1QC data),
Bias% and TEa values. Sigma value calculated using
the standard equation:

tical performance characteristics of the test. A sigma
level <3 is an indication of a poor performance pro-
cedure, whilst a good performance is indicated by a
sigma level >3. Above six sigma level is a world class
performance (13).

Results

Table | shows the target mean, laboratory mean
and the calculated standard deviation values of the
two levelsnamely normal (IQC1) and pathological
(IQC2) quality controls run in our laboratory for the
different parameters.
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Table Il TEa, bias and CV values of the two levels of quality control for the assays.

IQC1 1QC 2
Assay name -{‘VE? June July August June July August
%CV | % Bias | %CV | % Bias | %CV | % Bias| %CV | % Bias | %CV | % Bias | %CV | % Bias
AFP 219 | 3.73 | 1056 | 475 | 7.00 | 5.07 | 690 | 2.31 | 159 | 3.31 | 11.40 | 5.50 | 7.72
CA125 35 6.38 | 12.34 | 9.72 | 10.90 | 8.33 |10.30| 6.66 | 1.03 | 7.89 6.54 | 468 | 5.89
CA15-3 20.8 | 290 | 11.30 | 3.67 | 6.62 | 346 | 493 | 429 | 3.65 | 2.69 | 10.22 | 513 | 4.49
CA19-9 46.0 | 6.52 | 1118 | 440 | 10.22 | 454 | 434 | 7.44 | 16.02 | 4.01 | 1488 | 9.07 | 9.70
CEA 247 | 224 | 812 | 340 | 812 | 431 | 333 | 1.63 | 11.66 | 1.83 | 1317 | 449 | 613
TPSA 34 235 | 750 | 2.8 850 | 458 | 500 | 234 | 143 | 2.01 3.22 | 503 | 1.30
Vitamin B12 | 30.0 | 6.27 | 2.12 113 | 063 | 3.78 | 3.30 | 5.08 | 530 | 2.35 | 0.07 | 1.76 | 4.78
Ferritin 16.9 | 1.79 | 2.43 | 3.22 3.01 | 451|168 | 1.38 | 1.01 3.74 | 345 | 441 | 3.29
Folat 390 | 412 | 0.26 | 518 | 0.77 | 6.27 | 1.54 | 291 | 6.15 | 6.15 120 | 5.70 | 5.81
PTH 302 | 609 | 793 | 654 | 973 | 449 | 143 | 1.73 | 11.00 | 5.27 | 12.31 | 3.35 | 2.33
FT3 113 | 227 | 240 | 240 | 227 | 246 | 253 | 120 | 016 | 1.78 | 0.27 | 2.56 | 2.04
FT4 8.0 | 1.35 | 1.61 238 | 1.61 | 244 | 081 | 2.77 | 2.08 | 2.28 396 | 279 | 292
TSH 237 | 173 | 0.00 | 147 | 0.00 | 250 | 0.33 | 1.00 | 0.00 | 1.87 0.06 | 1.91 | 0.66
LH 279 | 3.05 | 747 | 3.21 575 | 380 | 716 | 2.63 | 6.50 | 4.05 3.78 | 3.20 | 4.71
PRL 294 | 266 | 365 | 288 | 5.04 | 459 | 774 | 230 | 464 | 3.44 | 583 | 357 | 7.26
Testesteron | 13.6 | 243 | 0.89 | 327 | 0.71 | 240 | 320 | 261 | 254 | 2.82 085 | 212 | 3.81
Cortizol 228 | 359 | 119 | 547 | 213 | 429 | 419 | 2.88 | 013 | 355 | 246 | 3.47 | 4.41
FSH 212 | 3.21 822 | 355 | 693 | 368 | 485|248 | 910 | 4.27 6.24 | 3.76 | 5.46
Table Il The sigma metrics for 3 months and overall sigma metrics for the assays.
June July August O:izrri”a iqr:t(:g;h
Assay Lname IQC 1 sigma | IQC 2 sigma | IQC 1 sigma | IQC 2 sigma | IQC 1 sigma | IQC 2 sigma
metrics metrics metrics metrics metrics metrics 1QC 1 IQC 2
AFP 3.04 2.58 3.14 3.17 2.96 2.58 3.05 2.78
CA125 3.62 5.16 2.52 3.66 3.01 6.31 3.05 5.04
CA15-3 3.27 4.00 3.86 3.94 4.59 3.18 3.91 3.71
CA19-9 5.35 4.04 8.14 7.77 9.18 4.00 7.56 5.27
CEA 7.38 8.00 4.87 6.31 4.96 414 5.74 6.15
TPSA 11.10 13.75 8.92 15.15 6.25 6.42 8.76 11.77
Vitamin B12 4.45 4.86 26.05 12.71 7.07 14.37 12.52 | 10.65
Ferritin 8.08 11.49 4.31 3.60 3.37 3.09 5.25 6.06
Folat 9.40 11.27 7.38 6.15 5.98 5.82 7.59 7.75
PTH 3.66 11.11 3.13 3.39 6.41 8.32 4.40 7.61
FT3 3.92 9.32 3.77 6.20 3.56 3.62 3.75 6.38
FT4 473 2.14 2.69 1.77 2.95 1.82 3.46 1.91
TSH 13.67 23.64 16.16 12.61 9.35 12.07 13.06 | 16.11
LH 6.70 8.16 6.90 5.95 5.46 7.25 6.35 7.12
PRL 9.67 10.78 8.44 6.85 4.72 6.20 7.61 7.94
Testesteron 5.23 4.24 3.95 452 4.34 4.62 4.51 4.46
Cortizol 6.02 7.87 3.78 5.72 4.34 5.30 4.71 6.30
FSH 4.04 4.88 4.02 3.50 4.45 419 417 419
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Table IV The distribution of groups and tests according to sigma values.

June July August
Sigma metrics
IQC 1 IQC 2 IQC 1 IQC 2 IQC 1 1QC 2
Grup 1 (<3) AFP CA125 FT4 AFP AFP
FT4 FT4 FT4 FT4
Grup 2 (3-6) AFP CA125 AFP AFP CA125 CA15-3
CA125 CA15-3 CA15-3 CA125 CA15-3 CA19-9
CA15-3 CA19-9 CEA CA15-3 CEA CEA
CA19-9 Vitamin B12 Ferritin Ferritin Ferritin Ferritin
Vitamin B12 Testesteron PTH PTH Folat Folat
PTH FSH FT3 Testesteron FT3 FT3
FT3 Testesteron Cortizol PRL Testesteron
FT4 Cortizol FSH Testesteron Cortizol
Testesteron FSH Cortizol FSH
FSH FSH
Grup 3 (>6) CEA CEA CA19-9 CA19-9 CA19-9 CA125
TPSA TPSA TPSA CEA TPSA TPSA
Ferritin Ferritin Vitamin B12 TPSA Vitamin B12 Vitamin B12
Folat Folat Folat Vitamin B12 PTH PTH
TSH PTH TSH Folat TSH TSH
LH FT3 LH FT3 LH LH
PRL TSH PRL TSH PRL
Cortizol LH LH
PRL PRL
Cortizol
The %CV values of pathological and normal Discussion

level of IQC were found as < 5 for the tests including
CEA, ferritin, FT3, FT4, FSH, LH, PRL, testosterone
and TSH for 3 subsequent months. The CV values of
AFP CA125, CA15-3, CA19-9, cortisol, folat, PTH,
TPSA and vitamin B12 varied as 5 or >5 according
to the months and IQC levels, and they didn‘t exceed
the value of 10%. Table Il highlights TEa, bias and
coefficient of variation (CV) sigma values of the two
levels of quality control for the different parameters.

The sigma values of several tests were found as
>6 by using desirable biological variability TEa tar-
gets, and the maximum value was determined as
26,05. However, several analytes produced sigma val-
ues <3: AFP (IQC2, June, IQC1-1QC2, August)
CA125 (IQC1, July); FT4 (IQC2, June, 1QC1-IQC2,
July, 1QC1-1QC2, August). The mean sigma values of
CA125, CA15-3, CA19-9, CEA, cortisol, ferritin,
FSH, FT3, PTH and testosteron were >3 for 3-
months. The sigma value >6 was observed for TPSA
and TSH for both levels of IQC for 3 months. When
the sigma values were analyzed by the mean of 3
months; folate, LH, TPSA, PRL, TSH and Vitamin
B12 for both levels of IQC were found as >6, CA
125, CA 15-3, testesteron and FSH for both levels of
IQC were found as 3-6 for 3 months. Complete
Sigma metrics for 18 assays are shown in Table /Il and
Table IV.

In order to evalute the imprecision and accuracy
of laboratory tests in clinical biochemistry laborato-
ries, internal and external quality controls were stud-
ied at different levels. Westgard rules are followed
during the evaluation of internal quality. Quality con-
trol materials are used to follow the performance of
analytical methods (14). The Six-Sigma Method is
one of the important quality control analyses which
are used in the evaluation of quality and performance
and, it is based on statistical calculations (15).

The Six-Sigma Method enables the quantitative
comparison of various auto analyzers, laboratories
and methods around the world (16). If the 6 standard
deviation between the mean of a test and the upper
and lower limits of the test are conserved, the errors
can be minimized in the laboratory (17).

Systematic error indicator, bias, random error
indicator, CV and TEa are required in order to calcu-
late the sigma level that is used for determining ana-
lytical process (2).

The tolerance limits of the laboratory were
expressed as TEa. If the difference between the actual
analytical concentration of the patient samples and
reported concentration is higher than TEa value, it is
thought that the result is not confidential (17). The
TEa is the degree of variation in a test which is used
for an important clinical decision about an advanced
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survey or treatment (5). In the present study, De-
sirable Biological Variation Database including the
TEa values of all analyzed parameters were used (12).

The CV is used to define the variation of a test
and it is expressed as a percentage of variance to the
mean. It gives a general idea about the performance
of a method. The CV values <5% and =10% mean
that analytical method and analyzer have a good per-
formance or have an inadequate performance,
respectively (14).

In a study performed at Architect i2000SR auto-
analyzer by Litten J et al. (18) the control CV% of
CEA, total PSA, FT3, FT4, TSH, ferritin, FSH and vit-
amine B12 immunassay tests varied between 1.34%
and 18.87%; and the most of CV values were found
below 5%. In the present study, the CV% values of
pathological and normal level of IQC were found as
< 5 for the tests including CEA, ferritin, FSH, FT3,
FT4, TSH, LH, PRL and testosterone for 3 subse-
quent months. The CV values of other tests varied as
<5 or >5 over the months, but didn't exceed the
value of 10%. The reasons for variability of CV and
bias may be errors during the calibrator preparation,
instability of the IQC during transport or storage and
sample handling of laboratory technicians. For better
CV and bias we should identify a protokol for trans-
portation, preparation and aliquoting the 1QC and
calibrator samples to prevent differences between
laboratory technicians during assay.

Gulbahar et al. (19) performed a study at
Roche/Cobas €602 autoanalyzer and they compared
the two level 1QC sigma values of TSH, FT3 and FT4
with two immunoassay analyzer. When the sigma val-
ues were calculated, TSH and FT4 were found as
»world-class« and »unacceptable«, respectively, in
both analyzers, and FT3 was found as »unacceptable«
and »good« for two level IQC of the first analyzer and
the second analyzer, respectively.

In a study performed by Ercan et al. (20) found
at Beckman Coulter UniCel® DxI800 Immunoassay
System autoanalyzer, sigma values were found as
5.18/6.14, 0.35/1.14, 1.88/0.85 for first and sec-
ond level IQC, respectively.

In the present study, TSH was determined as >6
sigma in both level quality control for 3 months. The
sigma value for FT3 was between 3 and 6 in first level
quality control for 3 months while it was >6 and
between 3 and 6 in the second level control in June
and July, and August, respectively. For TSH, FT4 and
FT3, the mean sigma values of three months were
found as 13,06/16,13, 3,97/3,69, 3,75/6,57 for
first and second level, respectively. According to these
values, the TSH was in »World-class« for both levels;
FT3 was in »good« and »World-class« for first and sec-
ond level, respectively, and FT4 was »good« for both
levels. Since sigma values differ according to impreci-
sion and/or bias analytical concentration, they may
vary between the different levels of a control.

Aksoy et al. (21) found that the sigma values for
AFP cortisol, ferritin and total PSA were 2,49/
3,20/3,53/1,21/6,46, respectively, by using the TEa
values of DBV database in Beckman Coulter DXI 800
autoanalyzer.

In the present study, the sigma values for AFP
cortisol, ferritin and total PSA tests were found as
6,98/11,17, 4,15/6,33, 6,77/7,35, 13,62/13,42
for the first and second level IQC, respectively.

In a study performed by Ercan et al. (20) at
Beckman Coulter UniCel® DxI800 Immunoassay
System autoanalyzer, the sigma values for vitamin
B12 and folate tests were found as 4.38/4.01,
8.12/9.7 for the first and second level IQC, respec-
tively. In our study, the sigma values for vitamin B12
and folate tests were 12,52/10,67, 7,89/9,83 for the
first and second level IQC, respectively.

The differences in sigma values between our
study and other studies may depend on the autoanalyz-
er, quality control materials or pre-nanalytical and post-
analytical conditions (22, 23). Sigma metric values are
necessary for the determination of acceptability criteria
of IQC and, the design and application of rational con-
trol design according to sigma values with the aid of
Westgard Operational Specifications Chart (OPSpecs
chart) in clinical biochemistry laboratory (9, 17).

The Six-Sigma scale is generally evaluated
between O and 6, and it may exceed the 6 Sigma value
in case of low variability. 3-Sigma is acceptable for a
process and it is evaluated as minimum performance.
If the performance is below 3 Sigma, the process is
evaluated as unstable and unacceptable (24). For 6
Sigma (or more) values, n (number of controls per day)
and the control limits should be two and 3.5 SD,
respectively; for 5 Sigma value, n and the control limits
should be 2 and 3.0 SD, respectively; for 4 Sigma
value, n and the control limits should be 4 and 2.5 SD
for multirule procedures, respectively; for 3 Sigma
value, n should be 6 or 8 for multirule procedures.
Method performance should be developed before per-
forming a routine study below 3 Sigma value (9, 17).

For parameters like, folate, LH, PRL, TPSA,
TSH and vitamin B12 sigma metrics value in the
mean of 3 months is above 6. So, for these parame-
ters, the QC protocol does not need any change and
patient results can be released. For parameters like,
CA 19-9, CA 15-3, CEA, ferritin, PTH, FT3, cortizol,
FSH and testesteron, the sigma metrics values in the
mean of 3 months are between 3 to 6. For these
parameters, QC monitoring should be done, but still
it is acceptable.

However, several analytes produced low Sigma
values <3: CA125 AFP and FT4. For these parame-
ters especially for FT4 a very stringent internal QC has
to be followed, and the frequency of internal QC sho-
uld be increased and corrective action should be
taken for these parameters. In our laboratory calibra-
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tions of parameters with low six sigma levels are more
frequently performed now and the number of daily
IQC have been increased.

The Six-Sigma Methodology is an effective
method for the evaluation of analytical stage, the
quality measurement of the laboratory tests and the
optimization of quality control rules according to
sigma values. IQC practices should be specific to the
test and they should be generated in accordance with
the sigma values of each test. In the present study,
according to the 6 sigma values the analytical per-
formance of our laboratory is found as »world-class«
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