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Abstract:

A zero defects goal was implemented in the clinical laboratory settings using a six-sigma model. Daily Internal Quality Control (IQC) and
external quality control data from April-September 2023 was extracted to calculate the sigma metrics of 21 biochemical analytes based on
Total Error Allowable (TEa), % bias and co-efficient of variation percent (CV%). A retrospective comparative study was conducted in the
department of Clinical Biochemistry at Kanva Diagnostic Services Pvt. Ltd, Bengaluru, India. The analytical performance of the 21
biochemical analytes was tested on Cobas 6000 and C311 analyzers. Quality Goal Index (QGI) and root cause analysis was calculated to
infer the reason for the deviation of six sigma. Method decision charts were plotted to show the comparison of the problem analytes on
both the analyzers. On Cobas 6000 at level 1 IQC, out of 21 analytes, 10 analytes showed 0>6 and 10 analytes showed ¢ 3-6 and on C311, 15
analytes which showed 0>6 and 6 analytes that showed o 3-6. On Cobas 6000 at level 2 IQC, out of 21 analytes, 12 analytes showed 0>6
and 8 analytes showed o 3-6 and on C311 17 analytes showed 0>6 and 4 analytes showed o 3-6. Creatinine failed to meet minimal sigma

performance at both levels of IQC on Cobas 6000.

Keywords: Westgard rules, sigma metric, quality goal index
Background:

Total Quality Management System in the diagnostic laboratory
aims at the proper collection, analysis, and conveyance of precise
and prompt reports to the right patient [1]. Clinical laboratory
results play a significant role in decisions related to treatment of
patients [2].The laboratory results if incorrect leads to serious
complications like incorrect and delayed diagnosis and treatment
[3-4]. The Total Testing Process (TTP) entails pre-analytical,
analytical and post-analytical processes [5-6]. Analytical process is a
dynamic area where maximum errors occurs leading to erroneous
reports. Medical laboratories should strive to produce precise
reproducible results as clinicians rely on these results for diagnosis,
monitoring, and prognostication of patients [7-8]. Sigma (o) metrics,
a bench mark used in the field of quality management and quality
control, particularly in healthcare and laboratory settings, to assess
and monitor the performance and accuracy of diagnostic tests and
measurement processes [9].Bill Smith of Motorola Corporation
invented Six Sigma process [10] and Nevalainen et al. first applied
the six sigma model, in medical laboratories [11]. These metrics
help the clinical laboratories establish quality goals, ensure that
their processes are meeting the required standards and make
necessary corrections to maintain and enhance the quality of the
patients” reports [12-13].The critical goal of sigma metrics is to
implement risk management in the laboratory and to safeguard the
patients [14].

As a predictor of risk, sigma metrics is a statistical measure of the
capability of a process to produce results within predefined
specifications or limits [16-17]. It's a way to assess how well a
process is performing in terms of its ability to consistently produce
output within acceptable quality boundaries. The exact number of
errors in the analytical phase can be quantified only by Sigma
metric and not by internal and external quality control data [18].
Therefore, it is of interest to compare the sigma metrics of 21
biochemical analytes on Cobas 6000 and Cobas C311, evaluate the
root causes and take corrective action to improve the performance
of the analytes with poor sigma metrics.

Materials and methods:

. S

A retrospective comparative study was conducted in the
department of Clinical Biochemistry at Kanva Diagnostic Services
Pvt. Ltd, Bengaluru. It is a standalone NABL accredited lab (MC-
3756) which abides with the NABL guidelines and provides
diagnostic services to around 400 outpatients daily. The equipment
used for analysis was integrated modular analyzer Cobas 6000 and
Cobas C311 (Roche Diagnostics, Mannheim, Germany). The data
was extracted from consecutive runs of assay IQC samples for the
21 biochemical analytes over duration of six months from April to
September 2023. The QC material used in the laboratory was a third
party QC provided by BioRad which was received in lyophilized
form and reconstituted by trained technical personnel. The IQC
protocol was scheduled according to the NABL guidelines. Both
physiological (Level 1) and pathological levels (Level 2) of QC were
run daily before analyzing the patients’ samples. The IQC data was
monitored daily and the Levy-Jennings charts were interpreted
using the standard Westgard rules (1ss/22s/Rss/10x).  The
laboratory has enrolled in monthly EQAS program provided by
BioRad. A stringent root-cause analysis was implemented followed
by the needed corrective action for any deviations in IQC and
EQAS results. Since the defects in the analytical performance
cannot be assessed by IQC and EQAS results alone and hence,
sigma metrics is required to quantify the exact number of defects in
the testing process. The obtained sigma metric is inversely
proportional to the quantitative defects.

Statistical analysis

[1] Mean, SD and CV % were calculated for each analytes from
the monthly IQC data.

[2] TEa values of the study analytes were taken from Clinical
Laboratory Improvements Amendment (CLIA) 2024 and
from Biological Variation (BV) database by Dr Carmen
Ricos and colleagues available at www.westgard.com [19].

[3] The sigma metrics was calculated for all analytes using the
above variables as mentioned below:

a. CV%: Standard-deviation/Mean x 100
b. Bias%: Lab EQAS result- Peer group mean /
Peer group mean
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c. Sigma Metric(o) = TEa (%) - Bias(%)/CV%
Sigma metric of > 6 is world class performance, ¢ value of
3-6 is good performance and o value of <3 indicates poor
performance of the test.

QGI: % Bias/1.5x CV%

QGI<0.8 = Imprecision, QGI: 0.8-1.2 = Imprecision and
Inaccuracy and QGI >1.2 = Inaccuracy [20].

Statistical software: The obtained data was entered in
Microsoft Excel Version 16 and the histograms were
plotted.

The normalized sigma method decision charts were
extracted from the website
https:/ / www.westgard.com/normalized-opspecs-
calculator.htm. Parameters such as TEa, bias% and CV%
were inputted and the graph was plotted with bias% on y-
axis and imprecision on x-axis. Sigma metric zones are
presented on the Sigma method decision charts i.e., the
zone closest to the graph’s origin ‘World class
performance’ is 60 zone, followed by the 50 ‘Excellent’
zone, 40 ‘Good’ zone, 30 ‘Marginal’ zone, 20 ‘Poor’ zone

©Biomedical Informatics (2023)

and the remaining portion of the chart is marked as
unacceptable.

Results:

The current study evaluated the sigma metrics for 21 biochemical
analytes run on Cobas 6000 and Cobas C311. The comparison of
CV% of level 1 IQC for the biochemical on Cobas 6000 and Cobas
C311 from the month of April to September 2023 are tabulated in
Table 1. The comparison CV% of level 2 IQC for the biochemical
analytes on Cobas 6000 and Cobas C311 from the month of April to
September 2023 are emphasized in Table 2. The comparison the
bias % for the biochemical analytes on Cobas 6000 and Cobas C311
from the month of April to September 2023 are displayed Table 3.
The comparison of the Sigma metrics and QGI for biochemical
analytes from the month of April to September 2023 are shown in
Table 4. The performance of the 21 biochemical analytes on Sigma
metrics scale are categorized into three levels i.e., >6,3-6 and <3 as
summarized in Table 5. QGI for creatinine for level 1 IQC was 0.25
and for level 2 IQC was 0.24, which indicated imprecision in the QC
values.

Table 1: Comparison of CV% of level 1 control for biochemical analytes on Cobas 6000 and Cobas C311 from April-September 2023

Parameter April May June July Aug Sept Average
A B A B A B A B A B A B A B
Albumin 118 094 143 114 164 149 189 117 210 078 257 099 1.80 1.08
ALP 210 208 149 09 149 133 118 235 304 180 153 110 1.80 1.59
SGPT 290 251 281 310 282 308 451 383 325 323 328 253 3.26 3.04
SGOT 315 232 323 212 293 227 273 226 315 259 211 171 288 221
Bilirubin, Direct 420 292 375 361 450 379 381 513 478 446 385 371 414 3.93
Bilirubin, Total 421 298 450 199 263 279 337 429 463 410 381 310 3.85 3.20
Calcium 114 1.00 136 084 115 074 115 091 135 085 144 137 126 0.95
Creatinine 310 1.06 445 325 333 179 312 130 330 181 348 236 346 1.92
GGT 174 159 112 094 113 110 144 111 097 09 148 127 131 1.16
Glucose 221 111 225 086 154 149 140 126 164 113 126 138 171 1.20
LDL 137 1.04 153 131 138 270 117 086 166 195 257 119 161 1.50
Phosphorus 222 126 220 1.02 191 189 161 077 160 095 132 108 1.81 1.16
Protein, Total 140 100 171 114 124 121 156 092 170 086 1.38 120 1.49 1.05
Triglycerides 198 136 141 115 172 174 138 1.07 137 178 172 166 1.59 1.46
Uric Acid 214 208 150 085 175 107 217 147 194 127 214 126 194 1.33
Urea 215 305 153 1.02 154 148 181 121 181 148 175 169 1765 1.65
Cholesterol 150 138 122 089 136 128 136 1.07 132 085 207 135 147 1.13
HDL 09 119 175 1.60 124 238 172 130 109 151 139 141 1.35 1.56
Sodium 108 080 101 074 080 054 081 067 067 060 093 053 0.88 0.64
Potassium 143 062 132 095 09 054 105 048 113 076 122 071 117 0.67
Chloride 097 056 127 074 097 043 081 077 094 042 113 072 1.01 0.60

Note: A = Cobas 6000, B= Cobas C311, SGPT = Serum Glutamic Pyruvic Transaminase, SGOT= Serum Glutamic Oxaloacetic Transaminase, GGT = Gamma Glutamyl Transferase,
LDL= Low Density Lipoprotein, HDL= High Density Lipoprotein.

Table 2: Comparison of CV% of level 2 control for biochemical analytes on Cobas 6000 and Cobas C311 from April-September 2023

Parameter April May June July Aug Sept Average

A B A B A B A B A B A B A B
Albumin 276 114 243 159 208 132 275 143 280 1.01 391 151 278 1.33
ALP 165 191 208 088 137 131 1.66 220 246 212 192 080 185 1.53
SGPT/ALT 185 113 138 080 224 118 191 093 327 201 182 099 207 117
SGOT/AST 250 120 124 084 232 099 170 072 228 168 181 111 197 1.09
Bilirubin, Direct 279 184 240 140 305 173 195 095 230 153 251 208 25 1.58
Bilirubin, Total 241 333 318 126 191 226 200 216 390 3.06 294 469 272 279
Calcium 127 116 128 112 126 057 120 069 105 220 119 114 120 1.14
Creatinine 406 196 378 349 409 210 335 175 327 176 371 194 371 216
GGT 176 167 068 079 161 061 18 073 105 074 156 067 142 0.86
Glucose 163 1.07 174 110 134 093 141 09 192 139 098 116 150 1.09
LDL 233 208 213 171 221 173 254 153 197 271 3.09 167 237 1.90
Phosphorus 153 1.07 208 099 180 147 149 083 120 086 1.06 075 152 0.99
Protein, Total 208 137 18 110 140 112 093 09% 162 1.03 115 115 150 1.12
Triglycerides 139 193 139 197 161 143 151 188 173 166 1.62 164 154 175
Uric Acid 1.68 248 168 094 151 117 236 136 214 147 191 094 18 1.39
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Urea 199 343 184 120 18 112 213 168 189 145 165 1.09 189 1.66
Cholesterol 140 141 158 132 185 092 192 132 182 152 208 115 177 127
HDL 248 147 248 214 000 225 118 161 000 158 117 181 121 1.81
Sodium 112 095 112 071 087 071 079 067 071 071 125 071 097 0.74
Potassium 154 132 131 072 110 045 09 061 088 067 179 075 125 0.75
Chloride 125 115 122 060 129 057 115 048 105 072 101 059 278 0.68

Note: A = Cobas 6000, B= Cobas C311, SGPT = Serum Glutamic Pyruvic Transaminase, SGOT= Serum Glutamic Oxaloacetic Transaminase, GGT = Gamma Glutamyl Transferase,
LDL= Low Density Lipoprotein, HDL= High Density Lipoprotein.

Table 3: Comparison the Bias % for the biochemical analytes on Cobas 6000 and Cobas C311 from the month of April to September 2023

Parameter April May June July Aug Sept Average
A B A B A B A B A B A B A B
Albumin -0.20 -1.83 162 243 223 -095 191 191 047 0.00 -216 -137 048 -0.77
ALP -014 128 084 -127 1.08 244 177 -059 000 0.00 -1.82 -228 028 -0.88
SGPT/ALT -560 -3.01 218 218 211 049 -1.70 085 -352 0.00 447 -243 -183 -0.32
SGOT/AST -606 -757 197 -131 1.04 058 000 -129 -1.02 -076 108 036 -049 -1.66

Bilirubin, Direct  0.35 0.35 -1.09  0.00 -2.61  0.00 0.00 -1.31 418 -325 -255 -3.64 -1.68 -1.30
Bilirubin, Total 1.04 1.70 6.79 3.88 0.36 110 238 477 -036  1.28 1.56 1.69 1.96 2.03

Calcium -1.27 000 -1.02 017 189 071 -167 -083 -1.63 000 512 512 023 0.86
Creatinine 098 196 158 052 -076 -168 163 163 157 210 3.09 3.09 134 127
GGT 135  -027 182 273 000 129 -063 127 -142 035 -1.04 -025 0.01 0.73
Glucose 370 000 -068 068 -087 0.00 1.06 182 272 167 -076 000 086 0.69
LDL 0.00 043 034 309 19 147 099 -099 060 102 -266 -266 0.09 039
Phosphorus -355 203 122 189 -013 124 055 139 163 065 120 000 015 12

Protein, Total 052 026 053 000 126 -084 062 062 093 000 165 1.01 074 017
Triglycerides -198 -148 019 137 -137 -031 -1.00 -010 -0.6 0.00 -045 091 -0.86 0.06
Uric Acid 069 069 000 030 -262 -012 -270 -135 -65 -447 035 035 -1.79 -0.76
Urea -354 000 -354 -141 054 135 -157 -052 438 -413 000 000 -208 -0.78
Cholesterol -142 056 294 126 493 000 -245 -122 -149 -074 078 078 054 -05

HDL 395 -39 270 -324 294 322 -390 -390 -271 -158 -458 -275 -248 -3.10
Sodium -064 064 -089 089 080 1.61 076 153 000 0.67 1.61 1.84 027 119
Potassium -1.73 057 049 046 171 152 -034 034 021 086 1.61 09 025 078
Chloride -089 000 -194 -012 -109 -170 -080 034 -198 -1.38 175 087 -0.82 -0.33

Note: A = Cobas 6000, B= Cobas C311, SGPT = Serum Glutamic Pyruvic Transaminase, SGOT= Serum Glutamic Oxaloacetic Transaminase, GGT = Gamma Glutamyl
Transferase, LDL= Low Density Lipoprotein, HDL= High Density Lipoprotein.

Table 4: Comparison of the sigma metrics for biochemical analytes on Cobas 6000 and Cobas C311 from the month of April to September 2023

Parameter CV% Levell CV% Level 2 % Bias % TEa Sigma Sigma Metrics
CLIA Metrics Level 2
Level 1

A B A B A B A B A B
Albumin 1.80 1.08 278 1.33 048 077 8 4.1 8.1 3.1 6.5
ALP 1.80 159 185 153 028 -088 20 109 131 11.2 13.6
SGPT/ALT 3.26 3.04 207 1.17 -1.83  -032 15 5.1 5.0 7.4 13.0
SGOT/AST 2.88 221 197  1.09 -049 -166 15 53 7.5 8.4 15.2
Bilirubin, Direct  4.14 393 25 1.58 -1.68 -1.30 445BV 111 11.6 184 28.9
Bilirubin, Total 3.85 320 272 279 196 203 20 4.6 5.6 6.6 6.4
Calcium 1.26 095 120 1.14 0.23 0.86 11 8.5 10.6 8.9 8.8
Creatinine* 3.46 192 3.71 216 134 127 10 25* 45 2.3* 4.0
GGT 1.31 116 1.42 0.86 0.01 0.73 15 114 123 10.5 16.5
Glucose 1.71 120 150  1.09 086 069 8 41 6.0 4.7 6.7
LDL 1.61 1.50 237 190 0.09 039 20 123 13.0 8.4 10.3
Phosphorus 1.81 116 152 099 015 1.2 10 54 7.58 6.4 8.8
Protein, Total 1.49 1.05 1.50 1.12 0.74 0.17 8 4.8 7.45 4.8 6.9
Triglycerides 1.59 146 154 175 -086 006 15 9.9 10.2 10.2 85
Uric Acid 1.94 133 188 1.39 -1.79  -0.76 10 6.0 8.0 6.2 7.7
Urea 1765 1.65 1.89  1.66 208 -078 9 6.2 59 5.8 58
Cholesterol 147 1.13 1.77 1.27 0.54 -0.5 10 6.4 9.2 5.3 8.2
HDL 1.35 156 1.21 1.81 248 310 20 16.6  14.8 18.5 12.7
Sodium 0.88 064 097 074 027 119 4 4.2 4.3 3.8 3.7
Potassium 117 067 125 0.75 025 078 5 4.0 6.2 3.8 5.6
Chloride 1.01 0.60 278 0.68 082 -033 5 5.7 8.8 5.0 7.8

Note: A = Cobas 6000, B= Cobas C311, CLIA= Clinical Laboratory Improvement Amendments, BV= Biological Variation, SGPT = Serum Glutamic Pyruvic Transaminase, SGOT=
Serum Glutamic Oxaloacetic Transaminase, GGT = Gamma Glutamyl Transferase, LDL= Low Density Lipoprotein, HDL= High Density Lipoprotein. *Creatinine showed 0<3.

Table 5: Sigma metrics for level 1 and level 2 IQC for the biochemical analytes on Cobas 6000 and Cobas C311

Cobas 6000 Cobas C311 Cobas 6000 Cobas C311
Sigma Level 1 Level 1 Level 2 Level 2
Metrics
0>6 ALP, Bilirubin Direct, Calcium, GGT, LDL, Triglycerides, Albumin, ALP, SGOT, GGT ALP, SGOT, SGPT, Albumin, ALP, SGOT,
Uric acid, Urea, Cholesterol, HDL Bilirubin Direct, Bilirubin Direct, Bilirubin Total, SGPT,
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Calcium, LDL, HDL, Chloride,
Phosphorus,

Protein Total, Triglycerides, Uric
acid, Cholesterol,

Calcium, GGT, Bilirubin Direct,

LDL, Phosphorus, Triglycerides, Bilirubin Total,
Uric acid, Cholesterol Calcium,
GGT, Glucose,

Potassium LDL, Phosphorus,
Protein Total,
Triglycerides, Uric acid,
Cholesterol,
HDL, Chloride
03-6 Albumin, SGPT, SGOT, Bilirubin Total, Glucose, SGPT, Urea, Albumin, Urea, Glucose, Urea,
Phosphorus, Bilirubin Total, Protein Total, Creatinine,
Protein Total, Sodium, Potassium, Creatinine, Cholesterol, Sodium, Potassium
Chloride Glucose, Sodium, Potassium,
Sodium Chloride
0<3 Creatinine Creatinine

The method decision charts were plotted for level 1 and 2 IQC for
Creatinine on Cobas C311 and Cobas 6000. It shows that on Cobas
C311 Creatinine was near 40 zone and on Cobas 6000 near 20 zone
farthest from the origin indicating lowest sigma value.

Discussion:

In the current study, the analytical performance of 21 biochemical
analytes was compared on two automated analyzers, Cobas 6000
and Cobas C311. The sigma metrics was effectively evaluated for
every analyte based on the IQC and EQAS data obtained from
April 2023-September 2023. In clinical laboratories since the
reliability of test reports relies on accuracy and precision, QGI was
calculated for the analyte with 0<3 to reveal the accuracy and
precision. The CV% measures variability and random error and
Bias% which indicate accuracy and systemic errors in the testing
process. TEa targets were derived from CLIA’2024 and BV data.
The graphic description on the working of the sigma metrics
equation is depicted in Figure 1.

Sigma metrics = (TE, - Bias)/CV
-TEa +TEa
Bias

E - -

=

g

= LY A

\\ defects
] ‘z
-85 -55 -4s5 -35 -25 -1s 05 1s 25 35 45 55 65

Figure 1: Graphic description of the working of Sigma metrics
equation.

On Cobas 6000 at level 1 IQC, out of 21 analytes, 10 analytes which
showed world class performance (0>6) were Alkaline Phosphatase
(ALP), Bilirubin Direct, Calcium, Gamma Glutamyl Transferase
(GGT), Low Density Lipoprotein (LDL), Triglycerides, Uric acid,
Urea, Cholesterol and High-Density Lipoprotein (HDL). The other
10 analyzes which showed good performance (03-6) were Albumin,
Serum Glutamyl Pyruvate Transferase(SGPT), Serum Glutamyl

Oxaloacetate Transferase (SGOT), Bilirubin Total, Glucose,
Phosphorus, Protein Total, Sodium, Potassium and Chloride. Only
Creatinine showed poor performance (0<3) as depicted in Figure 2.

18 166
16
14 1

2
12
10 |
-
=1
s

Figure 2: Sigma metrics for biochemical analytes on Cobas 6000
level 1 IQC in descending order.

=

ALP meesssssssss—— O

k=]
o
o

o N OB T ®

HDL
Creatinine s |

Triglycerides H—
o]
Calcium ——
[=2]
———
Cholesterol b
(=)}
——
Urea ol
Uric Acid T o
Chioride m— 7
Phosphorus T
(93]
w
wv
=
B
(o]
-y
[=a]
Sodium m—
Glucose mmmmmm
Albumin m—
Potassium N -~
[
(53]

Protein, Total T——

Bilirubin, Direct IEEE———

Bilirubin, Total n——

On Cobas C311 at level 1 IQC, out of 21 analytes, 15 analytes which
showed world class performance (0>6) were Albumin, ALP, SGOT,
Bilirubin Direct, Calcium, GGT, LDL, Phosphorus, Protein Total,
Triglycerides, Uric acid, Cholesterol, HDL, Potassium and Chloride.
The 6 analytes that showed good performance (03-6) were SGPT,
Bilirubin Total, Creatinine, Glucose, Urea and Sodium as shown in
Figure 3. All analytes showed good performance.
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Figure 3: Sigma metrics for biochemical analytes on Cobas C311
level 1 IQC in descending order.
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On Cobas 6000 at level 2 IQC, out of 21 analytes, 12 analytes which
showed world class performance (0>6) ALP, SGPT, SGOT, Bilirubin
Direct, Bilirubin Total, Calcium, GGT, LDL, Phosphorus,
Triglycerides, Uric acid and HDL. The 8 analytes that showed good
performance (03-6) were Albumin, Glucose, Protein Total, Urea,
Cholesterol, Sodium, Potassium and Chloride. Only Creatinine
showed poor performance (0<3) as depicted in Figure 4.
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Figure 4: Sigma metrics for biochemical analytes on Cobas 6000
level 2 IQC in descending order

On Cobas C311 at level 2 IQC, out of 21 biochemical analytes, 17
analytes which showed world class performance (0>6) were
Albumin, ALP, SGPT, SGOT, Bilirubin Direct, Bilirubin Total,
Calcium, GGT, Glucose, LDL, Phosphorus, Protein total,
Triglycerides, Uric acid, Cholesterol, HDL, and Chloride. The 4
analytes that showed good performance (03-6) were Creatinine,
Urea, Sodium and Potassium as represented in Figure 5.
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Figure 5: Sigma metrics for biochemical analytes on Cobas C311
level 2 IQC in descending order.

Creatinine failed to meet minimal sigma performance at both levels
of IQC on Cobas 6000. QGI calculated and root cause analysis for
Creatinine showed imprecision. The corrective action to be adopted
was an additional QC rule 4 apart from 1ss /225/Rss /10x and
frequent calibration of Creatinine. Figure 6 demonstrates the
method decision charts plotted for the performance of Creatinine
on Cobas 6000 and Cobas C311. The factors such as reconstitution
of controls and calibrators, stability of controls and calibrators,
equipment maintenance, scheduled preventive maintenance,
quality of water used in analysis, on board stability of reagents,
inadequate sample aspiration, improper mixing, contamination in
sample cuvettes and training of the personnel were all taken care.

Similar results were reported in a retrospective observational study
conducted in clinical Biochemistry laboratory in KR hospital,
Mysuru. Sigma metrics was calculated for renal function tests and
electrolyte parameters which were analyzed on Cobas 6000. The
study reported poor performance with 0<3 for Creatinine in level 1
and 2 IQC [21]. An observational study conducted in Ethiopian
Public Health Institute (EPHI) clinical chemistry reference
laboratory tested 18 biochemical analytes on Cobas 6000. The
results showed consensus with the results of the current study
about Creatinine for both the levels of control. Unlike the findings
of our study, low sigma metrics were reported for Urea and
Chloride [3].

A study in Beijing hospital was conducted under national
creatinine trueness verification scheme. They used two different
concentration levels of fresh frozen serum for evaluation of
Creatinine measurement on automated analyzer Roche. The results
showed that there was a requisite for 7- 45.1% of the laboratories to
improve their measurement procedures for enzymatic method.
11.5-73 % of the laboratories must try to improve the trueness for
Jaffe’s method. 3.1-5.3% of the laboratories ought to emphasize on
both precision and trueness. The results of this study revealed poor
performance for creatinine which is analogous to our study [22].
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Figure 6: Sigma method decision chart showing Inaccuracy (bias%) is on y-axis and Imprecision (CV %) is on x-axis. A: Sigma metric 4.5 for
level 1 QC for Creatinine on Cobas C311;B: Sigma metric 4.0 for level 2 QC for Creatinine on Cobas C311; C: Sigma metric 2.5 for level 1
QC for Creatinine on Cobas 6000; D: Sigma metric 2.3 for level 2 QC for Creatinine on Cobas 6000.

A retrospective study in Clinical Laboratory of Hunan Provincial
People’s Hospital, China was performed using Beckman Coulter
AU5800 analyzer and compared two level IQC sigma values of 19
biochemical analytes. Out of which 10 analytes showed good
performance on sigma metric scale and 9 analytes showed a sigma
value of <4. QGI analysis and RCA further indicated inaccuracy
and imprecision. These findings were in consensus with the results
of our study which showed imprecision for Creatinine at both
levels IQC [23].

A retrospective study conducted in Turkey, calculated six sigma
values for 21 routine biochemistry parameters using Cobas c702. A
three-month IQC data was taken for the calculation of CV%. The
results of this study were in consensus with the results of our study
with respect to creatinine i.e., according to CLIA goals the sigma
metrics was <3 which showed imprecision at level 11QC [24].

Contradictory results were reported in a retrospective study
followed by prospective study conducted in clinical Biochemistry
department in JSS Medical College, Mysuru. The IQC data for 31
analytes was collected from Cobas 6000 and e411 retrospectively
followed by prospective study for analytes which showed 0<2. In
contrast to our study, Creatinine showed world class performance
(0 = 6.39) in level 1 internal QC and good performance in level 2

IQC (o = 5.34), Sodium and Potassium showed poor performance
(0<2) [25].

Contradicting with the results of the current study, a prospective
study conducted in King Abdulaziz Specialist Hospital, Sakaka,
evaluated the sigma metrics for 25 biochemical parameters on
Cobas 6000. The performance of Creatinine (0=4.66 at level 1 and
0=5.06 at level 2 IQC) and Sodium, Potassium and Chloride (0<3)
were not in agreement with the results of the current study [26].

A retrospective observational study in Indonesia showed that
sigma metrics calculated for 11 biochemical analytes on Cobas C311
showed good performance for Creatinine in accordance with the
findings of the current study. However, urea showed unacceptable
performance which was not in agreement with the findings of our
study [27].

Conclusion:

The current study evaluated the performance of 21 biochemical
analytes by sigma metrics on two automated analyzers Cobas 600
and C311. The study focused on to spot the parameter which
deviated from the six sigma scale. The only biochemical analyte
that showed poor performance on Cobas 6000 at both levels of IQC
was Creatinine. The problem-solving strategy for the imprecision
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shown by Creatinine included following stringent quality control
rules and frequent calibration.
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