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ABSTRACT

Aim: Six sigma is a quality management tool used to evaluate analytical process performance. We
evaluated the performance of biochemical and immunological tests on a Roche Cobas 8000 device in
our laboratory using sigma metrics.

Materials and Methods: Six-month (September 2018 to February 2019) data on internal quality
control (IQC) and external quality control (EQC) were extracted for each assay. The precision and bias
were calculated for IQC and EQC, respectively. The sigma values for each assay were calculated using
precision, bias, and total allowable error (TEa) ratios of CLIA 2019.

Results: Sigma values of ALB, GLU, Ca, CI, CREA, Na, K, TP, urea, and complement C3 were below 3.
ALT, AST, Amylase, P, GGT, HDL-C, CHOL, LDH, LDL-C, T-BIL, UIBC, UA, CRP, complement C4, IgA, and
IgM were between 3 and 6 sigma. Sigma values of CK, D-BIL, lipase, and IgG were greater than 6.

Conclusion: Because most sigma values were above 3, the analytical performances of assays in our
laboratory were acceptable. However, parameters with sigma values less than 3 should be strictly monitored.
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OZET

Amac: Alt1 sigma, analitik sure¢ performansini degerlendirmek icin kullanilan bir kalite yonetim aracidir.
Bu calismada, sigma Olcumlerini kullanarak laboratuarimizdaki Roche Cobas 8000 cihazinda
biyokimyasal ve immiinolojik testlerin performansini degerlendirdik.

Gerec ve Yontem: Biyokimyasal ve immiinolojik testlerinin alt1 aylik (Eyliil 2018 - Subat 2019), i¢ kalite
kontrol (iKK) ve dis Kkalite kontrol (DKK) verileri cikarildi. Sigma degderleri, iKK verilerinden elde edilen
varyasyon katsayisi (CV), DKK verilerinden elde edilen bias ve CLIA 2019’un toplam izin verilebilir hata
(TEa) oranlari kullanilarak hesaplandi.

Bulgular: ALB, GLU, Ca, CI, CREA, Na, K, TP, iire ve kompleman C3'lin sigma dederleri 3'iin altindaydi. ALT,
AST, Amilaz, P, GGT, HDL-C, CHOL, LDH, LDL-C, T-BiL, UIBC, UA, CRP, kompleman C4, IgA ve IgM testlerinin
sigma degerleri 3-6 aralidinda bulundu. CK, D-BIL, lipaz ve IgG'nin sigma degerleri 6'dan byt idi.

Sonuc: Sigma degderlerinin coqu 3'iin {izerinde oldugu icin, laboratuarimizda biyokimyasal ve
immiinolojik testlerin genel olarak analitik performansi kabul edilebilir. Bununla birlikte, sigma degeri

3'ten kiiclik olan testler siki kalite kontrol kurallariyla izlenmelidir.

Anahtar Kelimeler: Alti sigma; analitik islem performansi; kalite degerlendirme; CLIA 2019.

INTRODUCTION

Information provided by clinical laboratories
has a major impact on patient management
and safety, and thus it is important to provide
reliable laboratory results to physicians (1).
The testing process consists of three main
stages: preanalytical, analytical, and
postanalytic. Errors in these stages may
adversely affect test results. Therefore, strict
quality control (QC) practices in the clinical
laboratory are essential for the safety and care
of patients (2).

QC includes internal quality control (IQC) and
external quality control (EQC). IQC is
performed daily and provides continuous
monitoring of the analytical system. EQC is
run once per month and provides an
objective evaluation of laboratory performance
using an external agency. However, the exact
number of defects or errors in the laboratory
cannot be evaluated by running EQC and
IQC. This problem can be solved by
employing sigma metrics calculated from
total error (TE), precision (CV), and bias (3).

Sigma metric levels represent a specific
value of defects (or errors) per million (dpm)
opportunities. For example, six sigma
focuses on regulating a process to six
standard deviations, corresponding to 3.4
dpm. Lower sigma levels represent more
errors and less confidence in test results (4).
Sigma metrics provide a scientific basis for

selection of test-specific QC procedures in
clinical laboratories and creates a more
quantitative study framework. Thus, false
rejection and control costs in the laboratory
can be reduced (5). This study investigated
the analytical performance of biochemical
and immunological tests using six sigma
metrics and to establish the correct QC
strategy for each test.

MATERIALS AND METHODS
Study design

This study was performed in the clinical
biochemistry laboratory of Sanliurfa Mehmet
AKkif Inan Training and Research Hospital,
Sanliurfa, Turkey, which has a 500-bed
capacity. Approval for this study was
obtained from Harran University Ethics
Committee.

The EQC and IQC data from 34 routine
biochemical and immunological analytes were
extracted for a period of 6 months from
September 2018 to February 2019. A COBAS
8000 device (Roche Diagnostics) was used to
test biochemical and immunological assays:
albumin (ALB), alkaline phosphatase (ALP),
alanine aminotransferase (ALT), amylase,
aspartate aminotransferase (AST), calcium
(Ca), cholesterol (CHOL), creatine kinase (CK),
Chloride (CI), creatinine (CREA), direct bilirubin
(D-BIL), y -glutamyl transferase (GGT), glucose
(GLU), high density lipoprotein cholesterol

Turk Klinik Biyokimya Derg 2019;17(2)



(HDL-C), iron, lactate dehydrogenase (LDH),
low density lipoprotein cholesterol (LDL-C),
lipase, magnesium (Mg), sodium (Na),
phosphorus (P), potassium (K), total bilirubin
(T-BIL), total protein (TP), triglyceride (TQ),
unsaturated iron-binding capacity (UIBC), urea,
uric acid (UA), C-reactive protein (CRP),
immunoglobulins (IgqG, IgA, IgM), complement
C3 and C4.

Sigma calculation

Two-level IQC materials (PreciControl
ClinChem Multi 1 and 2, Roche Diagnostics)
provided by the manufacturer of the device
were assayed daily prior to analyses of blood
samples. The coefficients of variation (CV %)
of all assays were calculated from the 6-
month IQC data as follows: CV%=(standard
deviationx 100)/mean (6).

Trueness (bias %) for each assay was
calculated for each month separately from
the EQC data with the following formula: Bias
% = (our lab mean-mean of peer group) X
100 /mean of peer group (7). The arithmetic
average of bias% was used to calculate
sigma values.

The total errors (TEs) of parameters were
selected from the Clinical Laboratories
Improvement Act of 2019 (CLIA 2019)
gquidelines (8). There were no TE targets for
the Ca, lipase, D-BIL, and K parameters in
the CLIA guidelines, so TE values of the
Ricos biological variation database (9) were
obtained.

The sigma metrics for above-mentioned
assays were determined as follows: Sigma
metric= (TE%— |Bias%|)/CV% (10). Sigma
value was determined for both the level 1
and 2 of IQC. Sigma values are generally
categorized into unacceptable (<3 sigma),
good (3=sigma <6), and world class (=6
sigma) (11,12).

RESULTS

Bias%, CV%, and sigma values of clinical
chemistry and immunological tests are
shown in Table 1. A sigma value > 6 was
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found for CK, D-BIL, lipase, and IgG for both
levels of IQC. Iron and Mg showed a sigma
value of >6 for IQC-1 and 5.83 and 5.80 for
IQC-2, respectively. ALP and TG showed a
sigma value of >6 for IQC-2 and 5.03 and
5.62 for IQC-1, respectively. Sigma values of
ALT, AST, Amylase, P, GGT, HDL-C, CHOL,
LDH, LDL-C, T-BiL, UIBC, UA, CRP, C4, IgA
and IgM for both levels of IQC were in the
range of 3 to 6. Sigma values of ALB, Ca, CI,
CREA, GLU, Na, K, TP, urea and C3 for both
levels of 1QC were lower than 3. The QC
strategy for future studies according to
sigma values are provided in Table 2 (5,13).

DISCUSSION

In laboratories, sigma metrics can be used to
assess the performance of tests or analyzers
and to establish optimal QC rules and
practices (14). Laboratories can determine
which assays are world-class (>6 sigma)
quality and which assays are unacceptable
(<3 sigma). Assays with low sigma values
should be improved with a strict QC strategy.
This provides an improvement over the
classic rule (control = 2 SD), which is
considered of equal quality for all analytes
(15).

In the present study, sigma metrics were
calculated to evaluate the  quality
performance of 34 assays on the Roche
Cobas 8000 device. CLIA 2019 TE targets,
bias, and precision were used to calculate
the sigma values of the assays. We observed
sigma values < 3 for ALB, Ca, CI, CREA, GLU,
Na, K, TP, urea, and C3 at both QC levels. In
Singh et al. (16), who used the Olympus
AU400 instrument, a sigma value lower than
3 was observed for urea, Na, and K using the
TE values of CLIA 1988. Bozkaya et al. (17)
calculated sigma metrics for 13 assays on
the Olympus AU680 analyzer using CLIA
1988 TE targets and showed that sigma
levels for urea, Na, K, and CI tests were lower
than 3. Another study showed that sigma
values for urea, Na, K, and ClI were below 3
using the TE values of CLIA 1988 in the
Beckman-Coulter AU 5800 autoanalyzer (5).
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Table 1. Bias%, TEa %, CV% and sigma values of the tests
Tablo 1. Testlerin % Bias, % TEa, % CV ve sigma degerleri

Parameter TE (%) Average Bias (%) IQC-I, IQC-Z,
CV (%) Sigma CV (%) Sigma
ALB (g/L) 8 2.17 3.31 1.76 2.73 2.14
ALP (U/L) 20 2.49 3.48 5.03 2.89 6.06
ALT (U/L) 15 2.10 3.44 3.75 2.73 4.73
Amylase (U/L) 10 1.18 2.24 3.94 2.29 3.85
AST (U/L) 15 1.79 3.36 3.93 2.44 5.41
Ca (mg/dL) 2.55% 1.53 2.48 0.41 2.42 0.42
CHOL (mg/dL) 10 1.36 2.73 3.16 2.30 3.76
CK (U/L) 20 1.71 2.83 6.46 2.74 6.68
CI (mmol/L) 5 1.51 2.18 1.60 1.91 1.83
CREA (mg/dL) 10 3.47 3.62 1.80 3.50 1.87
D-BIL (mg/dL) 44.5° 1.17 4.42 9.80 3.42 12.67
GGT (U/L) 15 1.87 3.12 4.21 2.67 4.92
GLU (mg/dL) 8 2.34 2.12 2.67 2.24 2.53
HDL-C (mg/dL) 20 5.60 2.68 5.37 4.22 3.41
Iron (ug/dL) 15 2.81 1.96 6.22 2.09 5.83
LDH (U/L) 15 1.43 2.46 5.52 2.46 5.52
LDL-C (mg/dL) 20 1.76 4.51 4.04 4.73 3.86
Lipase (U/L) 57.88° 3.79 2.72 12.53 2.72 12.53
Mg (mg/dL) 15 2.29 2.02 6.29 2.19 5.80
Na (mmol/L) 5 0.95 1.61 2.52 1.63 2.48
P (mg/dL) 10 2.62 2.42 3.05 2.36 3.13
K (mmol/L) 5.61° 0.96 1.69 2.75 1.66 2.80
T-BIL (mg/dL) 20 1.91 5.00 3.62 3.82 4,74
TP (g/L) 8 1.56 2.56 2.52 2.40 2.68
TG (mg/dL) 15 0.78 2.53 5.62 2.12 6.71
UIBC (ug/dL) 20 3.99 5.01 3.20 4.97 3.22
Urea (mg/dL) 9 2.75 3.36 1.86 3.05 2.05
UA (mg/dL) 10 1.49 1.98 4.30 1.98 4.30
CRP (mg/L) 30 3.22 4.53 591 4.62 5.80
Complement C3 (g/L) 15 1.85 5.75 2.29 6.44 2.04
Complement C4 (g/L) 20 4.67 4.28 3.58 3.92 3.91
IgA (g/L) 15 3.21 3.49 3.38 2.57 4.59
IgG (g/L) 20 1.93 2.65 6.82 2.93 6.17
IgM (g/L) 20 2.17 5.17 3.45 4.55 3.92

a= Ricos desirable TE

Table 2. Internal quality control strategy for future works based on sigma values (5,13).
Tablo 2. Sigma degerlerine dayali sonraki ¢calismalar icin i¢ kalite kontrol stratejisi (5,13).

Sigma value Assay performances Number of controls Measurements | Recommended rule
>6 World class 2 1 155
4-6 Suited for purpose 2 1 1,55
3-4 Marginal 2 2 1ss / 225 / Rus / A1s
<3 Unacceptable 3 2 155/ 255 / Rus / 415

Compared to the above studies, the number
of tests with sigma values below 3 were
higher in our study. This can be explained by
the fact that CLIA 2019 standards are more
stringent than CLIA 1988 standards. Using
ALT as an example, the TEa targets for CLIA

1988 and CLIA 2019 were 20% and 15%,
respectively. Hens et al. (15) stressed that
the use of different TE standards leads to
variable sigma values that make it difficult to
interpret clinical chemistry assays. In
addition, differences in QC data collection
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(e.g., time interval), differences in choosing
the source of bias, selected IQC criteria, the
concentrations of the controls, as well as
different manufacturers, analyzers, methods,
and reagents may explain the different sigma
values across studies (10,12,15,18). The
performance of the method should be
improved primarily for tests with sigma
values < 3. For these tests, three levels of
quality control with the 1s5/2,4/R,y/4,5 rule
should be performed twice a day. In addition,
we should periodically calculate sigma values
to observe changes in test quality by
applying these stringent QC procedures.
Besides, sigma levels of assays may increase
the use of different analyzers and methods
(12).

In our study, amylase, CHOL, P, UIBC,
complement C4, IgM (both controls); ALT,
AST, T-BIL, and IgA (IQC-1); and HDL-C and
LDL-C (IQC-2) were between 3 and 4 sigma.
For these tests, the 154/2,5/R,s/4,5 rule should
be used to ensure accurate test results.

For assays such as GGT, LDH, UA, and CRP
(both controls); ALP, HDL-C, LDL-C, and TG
(IQC-1); and ALT, AST, iron, Mg, T-BIL, and
IgA (IQC-2) between 4 and 6 sigma, QC
monitoring should be performed using the
1, 55 rule.
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