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Abstract

Introduction: The interest in quality management tools/methodologies is gradually increasing to ensure quality and accurate results in line with in-
ternational standards in clinical laboratories. Six Sigma stands apart from other methodologies with its total quality management system approach.
However, the lack of standardization in tolerance limits restricts the advantages for the process. Our study aimed both to evaluate the applicability
of analytical quality goals with Roche Cobas ¢ 702 analyser and to determine achievable goals specific to the analyser used.

Materials and methods: The study examined under two main headings as Sigma,..,,, and Sigma, ... Sigmay,,. ..., was calculated using
internal and external quality control data by using Roche Cobas ¢ 702 analyser for 21 routine biochemistry parameters and, Sigma, ... calculation
was based on the manufacturer data presented in the package inserts of the reagents used in our laboratory during the study. Sigma values were
calculated with the six sigma formula.

Results: Considering the total number of targets achieved, Sigma, . performed best by meeting all CLIA goals, while Sigma, ., showed the
lowest performance relative to biological variation (BV) desirable goals.

Conclusions: The balance between the applicability and analytical assurance of “goal-setting models” should be well established. Even if the pac-
kage insert data provided by the manufacturer were used in our study, it was observed that almost a quarter of the evaluated analytes failed to
achieve even “acceptable” level performance according to BV-based goals. Therefore, “state-of-the-art” goals for the Six Sigma methodology are
considered to be more reasonable, achievable, and compatible with today’s technologies.
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Introduction

quality management tools/methodologies is grad-
ually increasing to achieve quality and accurate re-
sults in line with international standards in the

Clinical laboratories are centres that take a very
important place in diagnosis, treatment, and fol-
low-up of diseases and are therefore expected to

provide the highest possible quality services. The
effect of the data provided by the clinical laborato-
ries on all health care decisions affecting diagnosis
and treatment is often quoted as being approxi-
mately 70%, although varies with the clinical spe-
cialty and application (1,2). Hence, the interest in
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clinical laboratory. One of the most prominent of
these methodologies, Six Sigma, is a quality man-
agement tool based on statistical calculations, fo-
cused on process variables, and which provides
objective information about process performance
(3). First implemented by Motorola in the 1980s,
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this methodology was adapted by Nevalaien et al.
and Westgard to clinical laboratories in the early
2000s (4,5). However, there is still ongoing debate
today about the fact that adaptation of this indus-
try-based methodology to clinical laboratories
does not fully reflect the methodology and has
disadvantages/weaknesses (6-9). Six Sigma in clini-
cal laboratories traditionally combines three main
components: total allowable error, bias and preci-
sion (10). Although Six Sigma has advantages, such
as providing evaluation on an international scale,
simplifying all parameters in a single table using
method decision charts, developing a total labora-
tory quality plan, including the number and fre-
quency of internal quality controls; it also has
some defects such as having theoretical-based
problems like 1.5 standard deviation (SD) shift, the
fact that an acceptable sigma can hide the unac-
ceptable constituents of the system, and, most im-
portantly, tolerance limits that have not been
standardized and whose limits have not been de-
termined well for many years (8,11,12).

Regardless of the above-mentioned pros and cons
of Six Sigma, the new biological variation (BV)
data, which the European Federation of Clinical
Chemistry and Laboratory Medicine (EFLM) pub-
lished in 2015 and presented its results towards
the end of 2019, has raised new questions about
the applicability of the sigma methodology (13,14).
Although the lack of standardization of the design
and criteria of the studies used to obtain Ricos BV
database, last updated in 2014, constitutes a prob-
lem for the reliability of the data, the narrow limits
of the new EFLM BV database bring the question
with current in vitro diagnostic (IVD) technologies:
“Is BV now a realistic goal for Six Sigma?”

In our study, Six Sigma values for our laboratory
were calculated for 21 routine biochemistry pa-
rameters by using Roche Cobas c 702 (Roche Diag-
nostics GmbH, Mannheim, Germany) analyser. The
analyser’s Six Sigma values were calculated by us-
ing precision and method comparison data of the
reagents used in these measurements in package
inserts provided by the manufacturer and com-
pared with the sigma values of our laboratory. In
this way, we aimed to evaluate the applicability of
analytical quality goals with Roche Cobas c 702 an-
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alyser and to determine analytical goals depend-
ing on the analyser used.

Materials and methods
Study design

In our study, a total of 21 parameters, including al-
kaline phosphatase, aloumin, alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), am-
ylase, direct bilirubin, total bilirubin, gamma-glu-
tamyltransferase, glucose, high density lipoprotein
cholesterol (HDL), calcium, chloride, cholesterol,
creatinine, lactate dehydrogenase (LD), potassium,
triglyceride, total protein, sodium, urea and uric
acid were analysed using the Roche Cobas ¢ 702
(Roche Diagnostics GmbH, Mannheim, Germany)
analyser. The calculations of our study were exam-
ined under two main headings as Sigmay,p atory
and Sigma, 1. e
Sig malaboratory

Internal quality control (IQC) results from October
2019 to December 2019 were used for our labora-
tory’s coefficient of variation (CV%) calculation.
PreciControl Clin Chem Multi 1T and Multi 2 (level 1
lot n0:250280, level 2 lot no: 324196, Roche Diag-
nostic GmbH, Mannheim, Germany) IQC materials
were carried out two times per day. Bias estimation
of all analytes were determined by twelve months
of data obtained during a cycle from the external
quality control program (KBUDEK, Turkey) be-
tween January 2019 and December 2019. Bias cal-
culation was based on peer-group values using
the same device and method in the external qual-
ity control (EQC) program. Among the evaluated
EQC results, for all analytes, only 8 results were
found outside the acceptable limits during one cy-
cle, and were excluded from the calculation of
bias, and the overall EQC success was above 95%.
Regulatory-preventive action was initiated for
each excluded result, and the sequent EQC result
was found within acceptable limits.

5 ig m aanalyser

Six Sigma calculation of the analyser was based on
the manufacturer data presented in the package
inserts of the reagents used in our laboratory. Ac-
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cordingly, precision data of Roche PreciControl
Clin Chem Multi 1 and Multi 2 internal quality con-
trol materials in the Roche Cobas ¢ 702 reagent
package inserts were used for the analyser’s CV%
calculation and this process was applied for each
analyte separately. Precision data used in the
study was obtained by the manufacturer as “3 ali-
quots per run, one run per day, 21 days “ in an in-
ternal protocol. Similarly, for bias estimation, the
method comparison studies presented in reagent
package inserts, and made using human serum/
plasma, were used for each analyte separately.
This study was carried out by the manufacturer as
Roche Cobas c 701 analyser (y) were compared
with those determined using the corresponding
reagent on a Roche Cobas c 501 (Roche Diagnos-
tics GmbH, Mannheim, Germany) analyser (x). The
calculation was based on the linear regression
equation y = ax + b given as dependent on con-
centration. During the working period, reagents
with the same brand and the same catalogue
number were used on the analysers. Ethical ap-
proval was obtained from the Ethics Committee of
Bursa City Hospital (E-13012450-514.01.05).

Statistical Analysis

Total allowable error (TEa) was obtained from the
data of Clinical Laboratory Improvement Amend-
ments (CLIA) 2019 and the EFLM BV database
(14,15). Total bilirubin, direct bilirubin, uric acid,
and calcium, whose data are not available in the
EFLM BV database, were based on the relevant Eu-
BIVAS study (16).

The CV% of our laboratory was calculated with the
equation given below, using the quarterly 1QC
data: CV% = (SD / X e, X 100. The Bias% of our
laboratory was calculated with the equation 1 as
shown below, using twelve-month EQC data of
the same cycle:

(laboratory results — mean of peer group) x 100

1 n
Bias% = —
°= (Zi:1 mean of peer group )
Eq. 1.

In the Sigma,,, . Calculation based on the manu-
facturer’s declaration, CV% and Bias% were calcu-
lated based on the study data provided in the
package inserts.
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The formula (TEa - bias%) / CV% was used for all
six sigma calculations. In our study, > 3 sigma val-
ues were accepted as the minimum allowable per-
formance.

Results

Analytical performance characteristics obtained
during the analysis of analytes in our laboratory
are presented in Table 1. Analytical performance
characteristics of analyser calculated according to
the manufacturer’s data in the reagent package in-
serts are presented in Table 2. In all the parameters
studied, it was observed that the CV% values in
our laboratory were higher than the package in-
sert data declared by the manufacturer. The calcu-
lated sigma values for all parameters are present-
ed in Table 3, and the “Normalized Sigma-Metric
Method Decision Chart” prepared according to
these sigma values are given in Figures 1-4. Ac-
cording to both Sigmay,;,, .oy @aNd SiIgMa, .y e
values obtained; BV goals showed higher sigma
performance than CLIA targets in 8 analytes, in-
cluding ALT, amylase, total bilirubin, direct biliru-
bin, GGT, triglyceride, uric acid, and urea, while
CLIA goals showed higher sigma performance in
the remaining 13 analytes. Furthermore, from an
overall perspective, Sigma, ., .., values showed
acceptable performance above > 3 sigma on all
CLIA goals, while Sigmay,p,, .o, Values did not
show acceptable performance on more than half
of the evaluated analytes according to the desira-
ble BV goals. While ALT, amylase, AST, bilirubin di-
rect, bilirubin total, triglycerides, and uric acid
showed adequate performance by achieving >3
sigma goal in all quality goals, sodium showed ac-
ceptable performance only with SIgma, iy ser val-
ues according to CLIA goals. Calcium failed to
meet minimum sigma quality performance at only
SIgMay,p,oratory l€Vel 2 according to CLIA goals.

Discussion

It is well known that analytical quality manage-
ment in clinical laboratories is of significant impor-
tance. Six Sigma is a global quality management
tool that can be used in clinical laboratory pro-
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TasLE 1. Analytical performance characteristics of analytes in our laboratory

Parameter CViven (%) CVve (%) Bias (%)
Albumin (g/L) 2.50 2.57 0.15
ALP (U/L) 3.62 413 -3.44
ALT (U/L) 3.09 2.94 -0.60
Amylase (U/L) 2.02 2.32 -0.72
AST (U/L) 2.47 2.89 -0.22
Direct bilirubin (umol/L) 2.82 2.37 -0.99
Total bilirubin (umol/L) 3.63 2.96 -2.45
Calcium (mmol/L) 3.37 3.10 -0.81
Cholesterol (mmol/L) 2.59 2.84 -1.17
Chloride (mmol/L) 1.72 1.75 0.09
Creatinine (umol/L) 3.87 2.86 0.18
GGT (U/L) 2.24 3.37 1.40
Glucose (mmol/L) 2.41 2.37 -0.36
HDL (mmol/L) 3.62 3.95 -2.86
LD (U/L) 3.49 3.44 -3.07
Potassium (mmol/L) 1.73 1.86 -0.01
TP (g/L) 2.64 2.63 -0.09
Sodium (mmol/L) 1.65 1.55 0.14
Triglycerides (mmol/L) 3.49 2.88 0.40
Urea (mmol/L) 3.40 3.16 -0.35
Uric acid (umol/L) 2.10 2.68 0.50

CV% - Coefficient of variation. ALP - Alkaline phosphatase. ALT - Alanine aminotransferase. AST - Aspartate aminotransferase. GGT -
Gamma-glutamyltransferase. HDL - High-density lipoprotein cholesterol. LD - Lactate dehydrogenase. TP - Total protein.

TasLE 2. Analytical performance characteristics of analytes according to the manufacturer’s data in the reagent package inserts

Peer mean Bias Bias (%) CV%
Parameter Slope Intercept Level1 Level2 Levell Level2 Level1l Level2 Levell Level2
Albumin (g/L) 0.99 0.03 33 32 -0.26 -0.26 -0.80 -0.80 1.5 1.5
ALP (U/L) 1.00 -1.60 93 224 -1.69 1.82 -1.82 -0.81 2.4 1.7
ALT (U/L) 0.97 2.82 39 120 1.68 -0.66 4.28 -0.55 14 1.0
Amylase (U/L) 1.02 -0.51 76 129 1.18 2.33 1.54 1.81 1.3 1.5
AST (U/L) 0.99 1.45 38 130 1.19 0.54 3.25 0.42 1.3 0.8
Direct bilirubin (umol/L) 1.02 0.55 14.9 38.8 0.82 1.25 5.49 3.22 2.6 1.4
Total bilirubin (umol/L) 0.99 -0.01 15.4 524 -0.12 -0.38 -0.77 -0.72 2.1 0.8
Calcium (mmol/L) 0.99 0.03 0.60 2.55 0.03 0.01 4.27 0.32 0.8 0.9
Cholesterol (mmol/L) 0.99 0.01 2.3 49 -0.02 -0.06 -1.01 -1.21 1.6 1.6
Chloride (mmol/L) 1.08 -6.03 920 120 0.72 2.97 0.81 2.48 0.8 0.6
Creatinine (umol/L) 0.99 -0.28 96 354 -1.14 -3.47 -1.19 -0.98 2.2 1.7
Biochem Med (Zagreb) 2022;32(1):010703 https://doi.org/10.11613/BM.2022.010703
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TaBLE 2. Continued.

Peer mean Bias Bias (%) CV%
Parameter Slope Intercept Level1 Level2 Levell Level2 Level1l Level2 Levell Level2
GGT (U/L) 1.02 -0.47 44 221 0.28 3.28 0.63 1.49 1.8 1.7
Glucose (mmol/L) 1.00 -0.01 5.4 13.4 0.01 0.03 0.19 0.26 1.3 1.1
HDL (mmol/L) 0.99 -0.02 0.7 1.7 -0.03 -0.04 -4.16 -2.5 14 1.6
LD (U/L) 0.99 0.47 159 260 -0.49 -1.09 -0.31 -0.42 1.1 0.9
Potassium (mmol/L) 1.00 0.05 3.0 5.8 0.05 0.05 1.67 0.86 0.9 0.5
TP (g/L) 1.02 -1.22 68 50 -0.06 -0.37 -0.09 -0.74 24 1.7
Sodium (mmol/L) 0.97 3.38 135 150 -0.80 -1.27 -0.60 -0.85 0.8 0.5
Triglycerides (mmol/L) 1.00 -0.01 1.4 2.3 -0.01 -0.01 -0.62 -0.33 2.0 1.6
Urea (mmol/L) 1.00 -0.08 6.7 23.2 -0.05 0.02 -0.76 0.07 1.2 1.1
Uric acid (umol/L) 1.01 -0.12 447 m -9 -3 1.93 -0.30 1.5 1.6

CV% - Coefficient of variation. ALP - Alkaline phosphatase. ALT - Alanine aminotransferase. AST - Aspartate aminotransferase. GGT -
Gamma-glutamyltransferase. HDL - High-density lipoprotein cholesterol. LD - Lactate dehydrogenase. TP - Total protein.

TasLE 3. Sigma values of our laboratory and reagent package inserts

Laboratory Sigma Analyser Sigma
Parameter Source TEa Level 1 Level 2 Level 1 Level 2
CLIA (%) 8 3.1 3.1 4.8 4.8
Albumin (g/L)
BV (%) 3.6 14 1.3 1.9 1.9
CLIA (%) 20 4.6 4.0 7.6 1.3
ALP (U/L)
BV (%) 10.6 2.0 1.7 3.6 5.7
CLIA (%) 15 4.7 49 7.7 14.5
ALT (U/L)
BV (%) 16.1 5.0 5.3 8.4 15.5
CLIA (%) 10 4.6 4.0 6.5 5.5
Amylase (U/L)
BV (%) 13.2 6.2 5.4 9.0 7.6
CLIA (%) 15 6.0 5.1 9.0 18.2
AST (U/L)
BV (%) 13.5 5.4 4.6 79 16.3
Direct bilirubin CLIA (%) 20 6.7 8.0 5.6 12.0
(umol/L) BV (%) 28.7 9.8 11.7 89 18.2
Total bilirubin CLIA (%) 20 4.8 59 9.2 241
(umol/L) BV (%) 28.3 7.1 8.7 13.1 34.5
CLIA (mmol/L) 0.25 3.1 2.2 8.6 8.0
Calcium (mmol/L)
BV (%) 2.3 04 0.5 Neg. 2.2
CLIA (%) 10 3.4 3.1 5.6 5.5
Cholesterol (mmol/L)
BV (%) 8.7 29 2.6 4.8 4.7
CLIA (%) 5 29 2.8 5.2 4.2
Chloride (mmol/L)
BV (%) 1.3 0.7 0.7 0.7 Neg.
CLIA (%) 10 2.5 3.4 4.0 53
Creatinine (umol/L)
BV (%) 7.5 1.9 2.6 29 3.8
https://doi.org/10.11613/BM.2022.010703 Biochem Med (Zagreb) 2022;32(1):010703
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TaBLE 3. Continued.

Laboratory Sigma Analyser Sigma

Parameter Source TEa Level 1 Level 2 Level 1 Level 2
CLIA (%) 15 6.1 4.0 8.0 8.0
GGT (U/L)
BV (%) 17.8 7.3 49 9.6 9.6
CLIA (%) 8 3.4 3.1 6.0 7.0
Glucose (mmol/L)
BV (%) 6.5 2.6 2.6 49 5.7
CLIA (%) 20 4.7 4.3 1.3 10.9
HDL (mmol/L)
BV (%) 1.1 2.3 2.1 49 5.4
CLIA (%) 15 34 3.5 134 16.2
LD (U/L)
BV (%) 77 1.3 1.3 6.7 8.1
CLIA (mmol/L) 0.3 49 24 7.6 7.0
Potassium (mmol/L)
BV (%) 49 2.8 2.6 3.5 8.0
CLIA 8 3.0 3.0 3.3 4.3
TP (g/L)
BV 3.5 13 1.3 14 1.6
CLIA (mmol/L) 4 2.1 1.9 3.8 4.3
Sodium (mmol/L)
BV (%) 0.7 0.3 0.4 0.1 Neg.
Trig'ycerides CLIA (%) 15 4.2 5.1 7.2 9.2
(mmol/L) BV (%) 27.0 7.6 9.2 13.2 16.7
CLIA (%) 9 2.5 2.7 6.9 8.1
Urea (mmol/L)
BV (%) 17.6 5.1 5.5 141 16.0
CLIA (%) 10 4.5 3.5 54 6.1
Uric acid (umol/L)
BV (%) 10.6 4.8 3.8 5.8 6.4

BV - Biological variation. CLIA - Clinical Laboratory Improvement Amendments. TEa - Total allowable error. ALP - Alkaline
phosphatase. ALT - Alanine aminotransferase. AST - Aspartate aminotransferase. GGT - Gamma-glutamyltransferase. HDL -
High-density lipoprotein cholesterol. LD - Lactate dehydrogenase. TP - Total protein. Neg. — Negative sigma value.

cesses and allows the detection of errors quantita-
tively according to a specific plan. However, there
are question marks about the determination and
applicability of analytical quality specifications in
this methodology. In this context, the sigma val-
ues of the actual performance of our laboratory
and the manufacturer’s data presented in the rea-
gent inserts of the Roche Cobas c 702 analyser
used were evaluated in our study. First of all, if we
examine the analytical performance characteris-
tics used in six sigma calculations; the CV% values
of our laboratory for all analytes were higher than
the CV% values presented in the package inserts.
This is mainly due to the fact that the CV% data
presented in the package inserts of reagents were
short-term analytical performance evaluations ob-
tained from three-week intermediate precision

Biochem Med (Zagreb) 2022;32(1):010703

studies. The precision study in our laboratory was
obtained from the standard quarterly QC data,
and the reagent lot to lot variation, temperature,
humidity, etc. variables are thought to be the main
factors that yields this result. Additionally, it is be-
lieved that manufacturer’s data are often optimis-
tic studies that can be considered experimental
rather than conducted in ideal working conditions
and with routine work, which also contributed to
this outcome (17).

All of the bias values obtained in our laboratory
contributed less to the six sigma budget than the
CV% values. This is thought to be due to the use of
long-term bias values in six sigma calculations.
Many effects cause within-day bias to become
random effects in the long term. Therefore, during
extended periods (weeks and months) of observa-
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FiGure 1. Our Laboratory “Normalized Sigma-metric Method Decision Chart” according to CLIA goals. Alb - Albumin. ALP - Alkaline
phosphatase. ALT - Alanine aminotransferase. Amy - Amylase. AST - Aspartate aminotransferase. DBIL - Bilirubin, direct. TBIL - Bili-
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FIGURE 2. Our Laboratory “Normalized Sigma-metric Method Decision Chart” according to desirable BV goals. . Alb - Albumin. ALP -
Alkaline phosphatase. ALT - Alanine aminotransferase. Amy - Amylase. AST - Aspartate aminotransferase. DBIL - Bilirubin, direct. TBIL
- Bilirubin, total. Ca - Calcium. Chol - Cholesterol. Cl - Chloride. Crea - Creatinine. GGT - Gamma-glutamyltransferase. Glc - Glucose.
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Ficure 3. Roche Cobas c 702 reagent package insert’s “Normalized Sigma-metric Method Decision Chart” according to CLIA goals.
Alb - Alboumin. ALP - Alkaline phosphatase. ALT - Alanine aminotransferase. Amy - Amylase. AST - Aspartate aminotransferase. DBIL
- Bilirubin, direct. TBIL - Bilirubin, total. Ca - Calcium. Chol - Cholesterol. Cl - Chloride. Crea - Creatinine. GGT - Gamma-glutamyltrans-
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FiGURE 4. Roche Cobas ¢ 702 reagent package insert’s “Normalized Sigma-metric Method Decision Chart” according to BV goals.
Alb - Albumin. ALP - Alkaline phosphatase. ALT - Alanine aminotransferase. Amy - Amylase. AST - Aspartate aminotransferase. DBIL
- Bilirubin, direct. TBIL - Bilirubin, total. Ca - Calcium. Chol - Cholesterol. Cl - Chloride. Crea - Creatinine. GGT - Gamma-glutamyltrans-
ferase. Glc - Glucose. HDL - High density lipoprotein. LD - Lactate dehydrogenase. K - Potassium. TP - Total protein. Na - Sodium. TG
- Triglycerides. UA - Uric acid. ® — Unacceptable. m — Poor. A — Good. 4 - Marginal. & - Excellent. & - World Class.
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tions many bias components vary and thus in-
creasingly contribute to the random error compo-
nent (18). Surely, the best way to estimate bias is to
use the reference material/reference method.
However, for many analytes, there is no reference
method or material and it is difficult for laborato-
ries to reach.

When we evaluated the sigma values obtained
secondarily and examined the analytical perfor-
mance of our laboratory according to CLIA goals, it
was observed that creatinine at level 1; calcium
and potassium at level 2; and chloride, sodium,
and urea at both levels, were out of acceptable
limits in 9 out of a total of 42 goals. Furthermore,
when we evaluated the sigma values of our labo-
ratory according to desirable BV goals, it was ob-
served that 24 out of a total of 42 goals showed
unacceptable performance. On the other hand,
when we examined Roche Cobas ¢ 702 sigma val-
ues according to the package insert data, it was
observed that all analytes performed at an accept-
able level according to CLIA goals; while creatinine
at level 1, albumin, calcium, chloride, protein, and
sodium were observed to perform at an unaccep-
table level in 11 out of a total of 42 goals at both
the two levels according to the BV goals. Moreo-
ver, minus sigma values were obtained at level 1
for calcium and level 2 for chloride and sodium in
these analytes.

Sodium, chloride and calcium are physiologically
controlled in a strict and narrow range. Therefore,
the fact that BV goals are challenging is to be ex-
pected. Although the data that the manufacturer
obtained in intermediate precision and method
comparison studies under optimal conditions
were used in our study, desirable goals based on
BV for these three analytes could not be met. This
indicates that the IVD technologies used for these
analytes need to be improved in order to achieve
BV-based goals. With the IVD technology we cur-
rently use, it is believed that CLIA goals are more
reasonable and feasible for these analytes, while
BV goals would be a waste of time and effort for
these analytes. Of the analytes evaluated, albumin
and total protein showed acceptable > 3 sigma
performance in all of the CLIA goals; on the con-
trary, they showed an unacceptable performance

https://doi.org/10.11613/BM.2022.010703

in all of the BV-based goals. Therefore, the BV-
based goals evaluated were more challenging for
albumin and total protein. In our study, BV goals
were wide and easily achievable with today’s IVD
technologies for bilirubin direct, bilirubin total,
and triglycerides.

As can be seen from the results mentioned above,
even if the reagent insert data provided by the
manufacturer for routine clinical chemistry tests
were used in our study, which uses the Six Sigma
methodology, it was observed that more than half
of the analytes failed to achieve above > 6 sigma
“world-class” quality and almost a quarter of the
evaluated analytes failed to achieve even above >
3 sigma “acceptable” level quality according to BV-
based analytical quality goals.

Although numerous studies in the literature use
the six sigma methodology, very few studies use
data similar to our study. Recently, Westgard pub-
lished a text on its website similar to our study us-
ing the Abbott analyser (19). This study was based
on the data of the article published by Westgard et
al. in 2017 (20). However, unlike our study, this
study was conducted by calculating imprecision
according to the EP05-A2 guideline and by calcu-
lating the bias according to the EP09-A3 method
comparison study, instead of using the manufac-
turer’s data. In this study, similar to our study, cal-
cium, creatinine, chlorine, total protein, and sodi-
um showed < 3 sigma performance, while, unlike
our study, LD and potassium showed unaccepta-
ble performance < 3 sigma according to EFLM BV-
goals. This work was interpreted, as “There are cur-
rently no instruments on the market that are really
capable of achieving consistently high sigma per-
formance with these goals for calcium, chloride,
sodium, and creatinine.” Again, in a study conduct-
ed by Westgard using Mindray BS-200 analyser
manufacturer reagent data and published by
Westgard on his website, he stated that more than
50% of the analytes evaluated showed unaccepta-
ble performance according to EuBIVAS standards
(17).

In another study, Geto et al. evaluated Roche Co-
bas 6000 analyser using six sigma methodology
and up to date CLIA 2019 goals (21). They failed in
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eight quality goals, as our in study, based on the
analytes involved in our study. When we exam-
ined analytes with unacceptable performance,
urea, chloride, and sodium failed at both levels,
similar to our study. Unlike our study, cholesterol
at level 2 and creatinine at level 1 showed unac-
ceptable performance. As a result, most test re-
sults were in agreement.

The primary purpose of using the sigma metric in
clinical laboratories is to determine the appropri-
ate quality procedures for the data obtained. Nev-
ertheless, whichever statistical quality control
methodology is used in clinical laboratories, espe-
cially in six sigma, the chosen total allowable error
source is the main point to achieving the perfor-
mance and directly shapes the QC plans. Quality
plans prepared for the analytical process generally
involve a cycle that starts with determining the
“analytical quality goal” and continues with the
evaluation, development, and control of the pro-
cess. At this point, Six Sigma offers a significant ad-
vantage, such as setting a quantitative, objective,
and comparable “quality baseline” (10). However,
the “quality baseline” to be based for the analyti-
cal process in the clinical laboratory varies accord-
ing to the selected TEa source and is far from
standardization. It is thought that this situation
raises the question marks at the stage of goal set-
ting, which is the very first step of the analytical
quality control plan and restricts the advantages
that Six Sigma offers for the process. In this con-
text, if we examine in detail the concept of TEa,
which constitutes the first step of all quality con-
trol methodologies, and the evolution of analyti-
cal quality specifications, which was initiated in
the Milan Consensus in the middle of the past dec-
ade to obtain more reliable and up-to-date analyt-
ical quality specifications, it seems to have been
largely completed with the biological variation
data bank announced lately by EFLM (14,22). Of
the analytical performance specifications com-
piled in the three main criteria, “clinical outcomes,”
which is at the top of the hierarchy, is an ideal goal;
however, it can only be applied to a limited num-
ber of analytes with the available data. This indi-
rectly moves BV goals, which are in the second
place for most analytes, to the top of the hierarchy.

Biochem Med (Zagreb) 2022;32(1):010703

At the bottom of the hierarchy, there are quality
goals described as “state-of-the-art” and at which
technological feasibility is at the forefront. These
goals are not based on any documentation or for-
mula generally defined by regulatory institutions
and various external quality assessment programs.
On the other hand, the reliability problem of BV
data used to produce BV-based analytical quality
goals, which are at the top of the hierarchy for
most analytes, was largely resolved after the publi-
cation of the EFLM BV data bank. However, BV-
based analytical quality targets expressed with a
single number are theoretically weak as combin-
ing the two maximum values (bias and precision)
to generate a single expression, resulting in an
overestimation of TEa (23). Besides, the issue of
whether the BV-based TEa can be considered a
“Model 2" according to the Milan consensus must
be debatable as well. This model is based on the
statement also mentioned in the Milan Consensus
that “This model attempts to minimize the ratio of
‘analytical noise’ to the biological signal.” (22).
Therefore, this is theoretically only the case when,
as in measurement uncertainty, “acceptable im-
precision” is used as an analytical quality goal. As
for TEa, it is not probable to mention the “analyti-
cal noise to the biological signal” ratio methodo-
logically because two analytical quality goals are
linearly combined to create a single expression.
Therefore, in methodologies using the traditional
TEa model in BV-based analytical quality goals
such as TEa and Six Sigma, it is considered that
there is no exact equivalent of the Model 2 speci-
fied in the Milan Consensus. The above-mentioned
situations are thought to cause clinical laborato-
ries to spend unnecessary effort to achieve the
goals of a theoretically weak TEa model, as well as
to resort to cost-increasing practices such as in-
creasing the number of controls and calibrations.

Six sigma applications in clinical laboratories ena-
ble not only to conduct processes according to a
specific plan but also to identify possible sources
of error and improve the quality of the process.
Furthermore, considering the sigma values ob-
tained, sophisticated and dynamic quality control
plans can be generated using “risk-based SQC”
procedures (11). In this way, Six Sigma allows us to
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look at the laboratory from a broader perspective,
focus on the analytes that need to be improved
and avoid financial losses such as wasting time, ef-
fort, control and reagent costs. Such benefits of Six
Sigma can only be fully obtained when applied
with well-defined and achievable quality goals
with existing technologies. Although it may seem
in today’s conditions that it is the most reasonable
way to set quality goals for each analyte separate-
ly considering the analyte-based, it is also inevita-
ble that this will lead to subjective evaluations that
differ from laboratory to laboratory.

In conclusion, this study demonstrates that it is
utopian to achieve BV goals for almost a quarter of
analytes evaluated, which cannot be achieved
even with manufacturer reagent insert data. The
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