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A Study of Six Sigma and Total Enor Allowable in Chematology Laboratory

Sang-Wu Chang®, Nam-Yong Kim', Ho-Sung Choi’, Yong-Whan Kim®,
Kyung-Bok Chu®, Hae-Jin Jung®, and Byong-Ok Park’
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Those specifications of the CLIA analytical tolerance limits are consistent with the performance goals in
Six Sigma Quality Management. Six sigma analysis determines performance quality from bias and precision
statistics. It also shows if the method meets the criteria for the six sigma performance. Performance standards
calculates allowable total error from several different criteria. Six sigma means six standard deviations from
the target value or mean value and about 3.4 failures per million opportunities for failure. Sigma Quality
Level is an indicator of process centering and process variation total error allowable. Tolerance specification
is replaced by a Total Error specification, which is a common form of a quality specification for a laboratory
test. The CLIA criteria for acceptable performance in proficiency testing events are given in the form of an
allowable total error, TEa. Thus there is a published list of TEa specifications for regulated analytes. In terms
of TEa, Six Sigma Quality Management sets a precision goal of TEa/6 and an accuracy goal of 1.5 (TEa/6).
This concept is based on the proficiency testing specification of target value +/-3s, TEa from reference
intervals, biological variation, and peer group median mean surveys. We have found rules to calculate as a
fraction of a reference interval and peer group median mean surveys. We studied to develop total error
allowable from peer group survey results and CLIA 88 rules in US on 19 items TP, ALB, T.B, ALP, AST,
ALT, CL, LD, K, Na, CRE, BUN, T.C, GLU, GGT, CA, phosphorus, UA, TG tests in chematology were
follows. Sigma level versus TEa from peer group median mean CV of each item by group mean were
assessed by process performance, fitting within six sigma tolerance limits were TP (6.16/9.3%), ALB (6.96
/11.3%), T.B (3.46/25.6%), ALP (6.86/31.5%), AST (4.56/16.8%), ALT (1.66/19.3%), CL (4.66/8.4%), LD
(11.56/20.07%), K (2.56/0.39mmol/L), Na (3.66/6.87mmol/L), CRE (9.96/21.8%), BUN (4.36/13.3%), UA
(5.96/11.5%), T.C (2.26/10.7%), GLU (4.85/10.2%), GGT (7.56/27.3%), CA (5.56/0.87mmol/L), IP (8.56
/13.17%), TG (9.656/17.7%). Peer group survey median CV in Korean External Assessment greater than CLIA
criteria were CL (8.45%/5%), BUN (13.3%/9%), CRE (21.8%/15%), T.B (25.6%/20%), and Na
(6.87mmol/L/4mmol/L). Peer group survey median CV less than it were as TP (9.3%/10%), AST
(16.8%/20%), ALT (19.3%/20%), K (0.39mmol/L/0.5mmol/L), UA (11.5%/17%), Ca (0.87mg/dL1mg/L), TG
(17.7%/25%). TEa in 17 items were same one in 14 items with 82.35%. We found out the truth on
increasing sigma level due to increased total error allowable, and were sure that the goal of setting total error
allowable would affect the evaluation of sigma metrics in the process, if sustaining the same process.

Key Words : Six sigma, Metrics, Defects Per Million Opportunities(DPMO), Process, Parts Per Million(PPM)
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Table 1. Median RSD of peer group mean from external quality survey

Month

ltems Median
1 2 3 4 5 6 7 8 9 10 RSD
TP 2.86 4.25 243 2.66 3.13 3.17 2.74 3.64 2.88 3.14 31
ALB 3.72 431 3.79 4.16 3.79 3.73 3.64 3.73 3.66 4.56 3.76
B 131 7.67 105 7.09 11.8 9.37 15.1 7.13 7.44 6.75 8.52
ALP 10.6 10.5 10.8 10 114 9.9 10.9 10.8 9.67 9.29 10.5
AST 5.4 4.86 5.59 5.76 7.09 6.77 6.99 4.98 5.6 4.52 5.6
ALT 6.53 6.08 6.33 5.67 8.85 8.11 6.68 5.18 8.99 5.4 6.43
CL 312 21 3.35 3.83 243 2.14 3.56 2.39 2.19 3.26 2.8
LD 6.43 7.54 6.4 6.84 6.73 6.64 711 6.46 6.77 6.37 6.69
K 2.92 3.21 5.56 2.95 2.61 2.57 2.76 3.32 244 3.39 2.94

Na 1.62 1.74 212 1.92 1.52 15 1.52 2.04 1.6 2.15 1.74

CRE 13.7 7.9 7.42 7.14 10.5 6.37 14.7 6.09 6.81 6.48 7.28
BUN 5.59 4.42 493 3.93 5.39 434 7.88 4.46 3.97 3.59 4.44
UA 4.05 3.68 3.97 3.85 4.84 3.43 491 3.35 4.08 3.45 3.82
TC 4.37 33 3.58 3.66 3.29 3.62 3.29 2.86 3.06 4.02 3.58
GLU 4.25 3.38 3.23 3.69 3.94 3.39 4.84 3.30 3.32 3.23 3.39
CA 4.48 35 3.38 4.04 3.54 331 414 3.63 3.23 3.43 3.52
TG 5.27 9.73 10.3 6.64 5.45 6.03 5.05 9.84 5.38 5.74 5.89
GGT 9.67 9.24 8.42 9.1 9.08 9.14 10.9 8.23 8.3 8.74 9.09
IP 6.15 4.09 4.08 4.29 8.71 5.16 7.92 3.66 4.48 3.64 4.39

Sources : Table 6-2, Mean of each item by peer group maen in each trial(2004), Annual Report on External Quality Assessment in

Clinical Chemistry in Korea, Journal of Laboratory Medicine and Quality Assurance, pS10, 2005.
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Table 2. TEa and & level among CLIA, peer group median RSD and own peer group

Two years grand mean

Peer group mean survey

fems RSD Bias% CLIA TEa § level Median RSD TEa § level
TP 14 0.75 10% 6.6 31 9.3 6.1
ALB 15 0.9 10% 6.1 3.76 11.3 6.9
B 4.7 9.7 20% 2.2 8.52 25.6 3.4
ALP 2.8 12.6 30% 6.2 10.5 315 6.8
AST 34 15 20% 5.4 5.6 16.8 45
ALT 3.3 14 20% 1.8 6.43 19.3 1.6
CL 1.7 0.6 5% 2.6 2.8 8.4 46
CK 3.7 113 30% 5.1 . . .
LD 14 4 20% 114 6.69 20.07 115
K 0.1 0.14m 0.5mmol/L 3.6 0.13(2.94) 0.39(8.82) 25
Na 1.3 0.59m 4mmol/L 2.6 2.29(1.74) 6.87(5.22) 3.6
CRE 1.8 4 15% 6.1 7.28 21.8 9.9
BUN 1.8 5.6 9% 1.9 4.44 133 43
UA 14 3.2 17% 9.9 3.82 115 5.9
TC 1.3 7.9 10% 1.6 3.58 10.7 2.2
GLU 1.8 15 10% 47 3.39 10.2 48
AML 1.2 53 30% 13.7 . . .
CA 0.14 0.1 Img/dI 6.4 0.29(3.52) 0.87(10.56) 55
TG 1.7 13 25% 13.9 5.89 17.7 9.6
GGT 35 11 9.09 27.3 75
IP 1.36 1.6 4.39 13.17 8.5

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