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An Application Study of Six Sigma in Clinical Chemistry
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The primary goal of six sigma is to improve patient satisfaction, and thereby profitability, by reducing and
eliminating defects. Defects may be related to any aspect of customer satisfaction: high product quality,
schedule adherence, cost minimization, process capability indices, defects per unit, and yield. Many six
sigma metrics can be mathematically related to the others. Literally, six means six standard deviations from
the mean or median value. As applied to quality metrics, the term indicates that failures are at least six
standard deviations from the mean or norm. This would mean about 3.4 failures per million opportunities for
failure. The objective of six sigma quality is to reduce process output variation so that on a long term basis,
which is the customer's aggregate experience with our process over time, this will result in no more than 3.4
defect Parts Per Million(PPM) opportunities (or 3.4 Defects Per Million Opportunities. For a process with
only one specification limit (upper or lower), this results in six process standard deviations between the mean
of the process and the customer's specification limit (hence, 6 Sigma). The results of applicative six sigma
experiment studied on 18 items TP, ALB, T.B, ALP, AST, ALT, CL, CK, LD, K, Na, CRE, BUN, T.C,
GLU, AML, CA tests in clinical chemistry were follows. Assessment of process performance fits within six
sigma tolerance limits were TP, ALB, T.B, ALP, AST, ALT, CL, CK, LD, K, Na, CRE, BUN, T.C, GLU,
AML, CA with 72.2%, items that fit within five sigma limits were total bilirubin, chloride and sodium were
3 sigma.

We were sure that the goal of six sigma would reduce test variation in the process.

Key Words : Six sigma, Metrics, Defects Per Million Opportunities(DPMOQO), Process, Parts Per Million(PPM)
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Table 1. Relative standard deviation & sigma on normal control

ltems Relative standard deviation(RSD) & sigma of normal control Grand

2 3 4 5 6 7 8 9 10 11 12 mean S
TP 1.2 14 2.09 1.9 1.55 1.42 1.2 11 11 1.24 0.7 1.42 1.34 0.37
ALB 1.9 1.91 1.69 2 3.7 1 2 11 1.58 14 0.91 1.36 1.71 0.74

B 5.18 6.19 5.45 5.41 6.18 5.42 5.48 5.98 5.05 3.23 4.68 4.77 531 0.9
ALP 3.93 5.68 3.22 55 4.69 3.74 4.46 3.12 2.97 2.47 3.73 3.46 3.91 0.99
AST 5.54 5.06 5.9 4.62 4.05 5.84 5.14 3.35 4.75 2.94 2.99 4.79 4.58 1.0
ALT 404 5.2 4.98 5.55 4.96 4.26 5.33 3.16 4.01 4.02 4.79 2.08 4.37 1.0
CL 1.69 2.27 114 2.74 249 1.84 0.68 1.34 0.95 1.78 0.95 1.58 1.62 0.65
CK 5.61 4.83 4.27 5.73 5.55 6.12 4.73 5.02 4.2 1.83 4.69 435 471 1.08
LD 1.06 121 1.44 1.04 349 0.97 0.85 1.52 1.05 1.01 1.46 15 1.38 0.7
K 0.06 0.06 0.07 0.08 0.09 0.07 0.08 0.06 0.04 0.05 0.05 0.05 0.06 0.02
Na 2.1 14 16 19 14 19 11 0.9 13 11 12 14 14 0.34
CRE 18 2.3 2.27 2 3.4 1.7 2.2 17 1.87 211 2.26 1.89 2.13 0.46
BUN 2.2 18 2 24 2.83 24 2 2.29 171 2.16 14 1.92 2.09 0.37
UA 121 11 1.58 134 197 1.45 131 0.8 154 1.32 111 0.93 1.30 0.3
TC 1.35 111 1.28 1.9 1.63 157 1.39 1.09 112 1.22 152 154 1.34 0.24
GLU 191 3.47 2.26 2.43 3.17 181 2.26 1.66 2.25 1.39 1.44 121 2.11 0.3
AML 211 2.53 2.11 2.59 17 0.67 1.73 1.22 0.79 1.28 0.98 12 1.58 0.69
CA 0.15 0.09 0.08 0.09 0.09 0.12 0.12 0.12 0.07 0.06 0.09 0.06 0.14 0.19

Legend: Relative standard deviation calculated except chloride, calcium and potassium that expressed Sl units for one year, but three
items mentioned were calculated by standard deviation.

Table 2. Relative standard deviation & sigma on abnormal control

It Relative standard deviation(RSD) & sigma of abormal control Grand
ems

2 3 4 5 6 7 8 9 10 11 12 mean S
TP 1.2 2 2 13 1.3 141 14 1.38 0.98 1.37 0.6 1.34 1.36 0.38

ALB 14 13 18 13 14 14 11 11 1.38 1.28 1.05 117 131 0.20
B 3.17 4.82 3.78 3.88 4.78 4.62 4.18 341 3.98 4.17 3.86 421 4.07 0.51
ALP 2.45 3.0 3.89 2.43 3.5 2.09 1.9 2.03 1.97 2.39 2.24 2.33 2.52 0.63
AST 2.23 171 4.62 2.72 21 2.54 247 1.67 1.8 1.63 2.02 1.26 2.23 0.87
ALT 236 1.76 4.17 2.62 1.47 1.69 2.05 1.96 2.08 1.38 2.08 181 2.12 0.73
CL 2.1 1.9 1.36 2.8 2.8 2.48 2.05 121 2.02 0.65 1.69 1.01 1.94 0.57
CK 2.08 1.77 5.47 2.79 2.6 1.61 2.05 2.35 1.47 2.97 3 3.9 2.67 11
LD 117 1.03 1.69 111 1.86 2.27 1.26 1.07 0.84 0.7 0.96 1.23 1.86 0.45
K 0.12 0.06 0.12 0.08 0.08 0.16 0.05 0.04 0.09 0.08 0.09 0.19 0.13 0.12
Na 2.2 11 11 11 25 2.8 1.2 14 1.6 14 1.4 11 1.24 0.90
CRE 2 14 2.3 15 14 13 0.8 1.07 1.37 117 1.05 1.44 14 0.25
BUN 1.6 14 2 14 1.5 1.69 15 1.09 1.2 1.38 1.43 117 1.45 0.25
UA 13 1.49 1.79 1.25 1.45 1.49 1.46 1.56 1.25 117 0.89 1.09 1.35 0.19
TC 1.64 1.37 1.61 1.19 15 1.63 1.43 13 1.34 1.27 0.9 0.92 1.34 0.27
GLU  2.07 242 1.29 1.43 1.25 1.28 1.62 112 0.98 1.34 1.43 15 1.48 0.40
AML 133 0.65 1.95 1 2.02 2.15 1.28 0.86 0.97 0.88 1.2 0.7 1.25 0.52
CA 0.10 0.09 0.15 0.1 0.28 0.13 0.16 0.15 0.12 0.15 0.1 0.13 0.14 0.05
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Table 3. Comparision between six sigma precision level and grand mean

ltems Control sample Mean CLIA Six sigma precision level
Normal Abnormal 6 level TEa 66 58 48 38
TP 1.3 14 1.4 10% 1.7 2 25 3.3
ALB 1.7 13 15 10% 1.7 2 25 33
B 5.3 4.1 4.7 20% 3.3 4 5 6.7
ALP 3.9 25 2.8 30% 5 6 75 10
AST 4.6 2.2 3.4 20% 3.3 4 5 6.7
ALT 4.4 2.1 3.3 20% 3.3 4 5 6.7
CL 1.6 1.9 1.7 5% 0.83 1 1.25 1.7
CK 4.7 2.7 3.7 30% 5 6 75 10
LD 14 13 1.4 20% 3.3 4 5 6.7
K 0.06 0.13 0.1 0.1mmol/L 0.083 0.1 0.125 0.17
Na 14 1.24 13 4mmol/L 0.67 0.8 1.0 1.33
CRE 2.1 14 18 15% 25 3 3.75 5
BUN 21 14 18 9% 15 1.8 2.25 3
UA 1.3 14 1.4 17% 2.8 34 43 5.7
TC 1.3 13 1.3 10% 1.7 2 25 33
GLU 21 15 18 10% 1.7 2 25 3.3
AML 1.6 13 1.2 30% 1.7 5 6 7.5
CA 0.14 0.14 0.14 Img/dI 0.17 0.2 0.25 0.33
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