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* Why do We need to worry about quality?
* A brief introduction to Six Sigma
— Counting defects: How does healthcare perform?
* Calculating Sigma-metrics
— Setting Goals for Quality
— Measuring Performance
— Examples of Current Performance
* Tools for Sigma-metrics
— Sigma-metric Equation
— Method Decision Chart
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Why is Determining the Quality of
Hi the method OUR job?
HIIIiuL.

* (Isn’t every method on the market a quality method?)

“Conclusion 7-1. The 510(k) clearance process is not
intended to evaluate the safety and effectiveness of
medical devices with some exceptions. The 510(k)
process cannot be transformed into a premarket
evaluation of safety and effectiveness as long as the
standard for clearance is substantial equivalence to

any previously cleared device.”
Institute of Medicine 2011: Medical Devices and the Public’s health: the FDA
510(k) Clearance Process at 35 years, prepublication copy
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Three Glucose methods:
Are they acceptable?

T
Method A Method B Method C

Cv =23 Cv=1.9 Cv=1.9
Bias = 2.1 Bias = 4.2 Bias =0
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Why do We need to worry about quality?

A brief introduction to Six Sigma

Counting defects: How does healthcare perform?
Calculating Sigma-metrics

— Setting Goals for Quality

— Measuring Performance

— Examples of Current Performance

Tools for Sigma-metrics

— Sigma-metric Equation

— Method Decision Chart
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Six Sigma — A Way to Think About Errors
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Defects Per Million (DPM)
Scaleof 0to 6
6 is world class (3.4 dpm)

3 is minimum for any business or
manufacturing process (66,807 dpm)
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IWO Ways to DPM |Sigma Short Term ‘Sigma Long Term |Yie|d |Cpk

34 B las [99.99386 |2
[ - . .
13 5.9 4.4 99.99954 [1.97
“mﬁﬁLm I n e S I g m a 9 5.8 4.3 99.99915 [1.93
13 5.7 4.2 99.9987 [1.9
* Count Defects, convert [—¢: . Trm
to DPM, look up in T : e Tt
Sigma table T T ot [i7
1233 13 3.5 99.98 1.67
— Short Term Sigma

337 149 34 99 97 163

typica”y used 1483 4.8 3.3 99 95 16
687 4.7 3.2 99.93 1.57
968 4.6 3.1 99.90 1.63

— Most common method [z ks g e Jis
1 1 1866 |44 29 99 61 147
of calculating Sigma [ECNE ps s _Jio

3,467 4.2 2.7 99.65 14
4661 4.1 2.6 99.5 1.37
5,210 14 25 99 4 133

Measure Variation REERNER] T PR
10,724 3.8 2.3 98.9 1.27
— Sigma-metric Equation =8 5 o
|22 760 (35 2 97 7 117

Current Laboratory Performance

-..EL_A Clin Charn Lab Mod 2011:48(3k442-470 = 2011 by Wakar do Gruyter - Borlin - Now York. DO 10.1616/CCLM. 2011067

Sample Sigma-metrics: Quality indicators and specifications for key analytical-

extranalytical processes in the clinical laboratory. Five years’
Hemolyzed serum experience using the Six Sigma concept
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Sigma Metrics of Common Processes (US)
and Laboratory Processes (ltaly)
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Missing data on
ut test:

Airline Safety

Baggage Departure

of a Large Laboratory. L. Sciacoelli, A. Aita A. Padoan. M.
Plebani, Abstract 0962, IFCC World Lab Istanbul

Insufficient

Sources: Quality Inﬂ}gg\%rs in La%%?gﬁory MeiHche: Expé?fgﬁlceémlume

Hemolyzed Inadequate Unacceptable  Unacceptable
specimens anticoag ratio 1QC .\ EQA
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= Sigma Metrics of Laboratory Processes (Romania)
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Patient ID Errors  Missing data on Samples lost Inadequate Hemolyzed Clotted samples LDH QC Sodium QC
input tests anticoag ratio specimens
Sources: Quality Indicators in the Preanalytical Phase of .\
Testing in a Stat Laboratory, Grecu DS, Vlad, DC, Dumitrascu West a rd QC \
V, Lab Medicine Winter 2014, i45:1:74-81 . /
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Six Sigma and Total Allowable Error:

- TEa True Value + TEa

-6s should
fit into
spec

+6s should
fit into
spec

-6s -55 -4s -3s -2s -1s 0Os 1s 2s 3s 4s 5s 6s
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Quality requirements: many options

i -—
. o
» First choice: clinical outcome studies (evidence-based,

but only applicable and available for a few analytes)

(and Milan 2014)

» Second best: Biologic-derived goals (“Ricos goals”)
[available for many analytes but now seen as flawed —
see next presentation]

» Last choice: Everything else (“Best” state of the art)
» RCPA (Royal College of Pathologists of Australasia)
» PT and EQA goals
» CLIA PT criteria
»

RiliBAK (Germany) WeStgard QC 0 O . O..O
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Three Glucose methods:
Are they acceptable?

Glucose Total Allowable Error = 10%0
(CLIA)

Method A Method B Method C
Cv =23 Cv=1.9 Cv=1.9
Bias = 2.1 Bias = 4.2 Bias =0
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From Tolerance Limits to
L. Total Allowable Error (TEa)

 TEa in the literature

Bias + 1.65 SD or Bias + 25D
(1974) Westgard, Carey, Wold

Bias + 3SD (1991) Laessig and Ehrmeyer
Bias + 4SD (1991) Westgard and Burnett

Bias + 6SD (2001) “Six Sigma”
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How do we measure Sigma performance for
s analytical tests?
i

Measure Variation

— Do we measure imprecision (CV)?

— Do we measure inaccuracy (bias)?
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Tool #1: Sigma metric equation for analytical

A RREE process performance
ERREE

igma-metric = (TE, — Bias)/CV

- TEa + TEa
Bias .
s
® :
> -
= - defects
— %\_

-6s -55 -4s -3s -2s -1s Os 1s 2s 3s 4s 5s 6s
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Example Sigma-metric Calculation
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» 3 levels of a cholesterol study, Clin Chem July 2014
» CLIA PT criterion for acceptability = 10%
» Total Precision (CV): 1.0% 0.9% 1.0%
» Bias: 3.0% 2.5% 2.3%

» Sigma=(10-3)/1.0
=7.0/1.0
=7.0
» Sigma =(10-2.5)/0.9
=7.5/09
=83
» Sigma=(10-2.3)/1.0 Average Sigma=(7.0+8.3+7.7) /3=7.67
=7.7/1.0

. Westgard QC "+




Is quality consistent across all labs and

ﬁi‘mmnufacturers? What does the Data say?
L[]SR,

* Big Picture: recent data comparing instrument
performance

¢ (Case studies: what individual lab studies can tell us

* Tools for Assessment and Assurance
— Sigma-metric Equation
— Method Decision Chart
— OPSpecs Chart

Westgard QC "+

Comparison of
-6 Competitors on 8 chemistry analytes
L[ [ e,

Clilcal Chemstry 525 Gemeral Chnical Chomistry
55 863 (201

¢ 20 patient serum samples

Measurements for 8 Common Analytes in Native Sera

M Com parison againSt reference Identify Inadequate Standardization among 6 Routine
methods or all-method-trimmed- SR S
mean el Lafinen, Jorna Polané” ard Linda M. Thianpa,” an bahalf of the i dpsting labarstaris™

“Additionally, large laboratory effects
were observed that caused
interlaboratory differences >30%.”

“There is a need for improvement even
for simple clinical chemistry analytes.
In particular, the interchangeability of
results remains jeopardized by assay
standardization issues and individual
laboratory effects.”
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. Sigma evaluation of results

T
N

G | A | 8 | c | o | & | ¢
Cholesterol 7.67 2.55 3.42 4.25 5.69 3.46
Creatinine 5.7 7.35 5.62 3.58 4.58 5.56
Glucose 4.81 3.96 4.34 5.09 4.71 4.17
HDL 6.56 11.42 11.96 11.29 10.01 10.51
LDL 5.41 n/a n/a 5.16 3.72 4.06
Phosphate 6.67 6.71 0 3.46 4.82 n/a
Uric Acid 6.98 12.09 15.23 5.68 5.2 6.43
Triglycerides 10.43 5.42 14.18 18.15 8.32 8.02

Average Sigma-metric calculated of 3 levels measured
Approximately 10 labs for each instrument
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e Given conditions: achieving >6-Sigma
performance or highest performance among
competitors:

— A: 6 of 8 analytes
— B: 4 of 7 analytes
— C: 3 of 7 analytes
— D: 3 of 8 analytes
— F: 3 of 7 analytes
— E: 2 of 8 analytes

iii' - Standardization Conclusion

Westgard QC "~/

11



A quick non-technical description of
Sigma-metric Decision Charts

Method Decision Chart for 10%
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Free spreadsheet available at westgard.com downloads WeStg a rd QC

Observed Imprecision, CV
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Assay

Albumin

Alk Phos

AST

ALT

Amylase
Bilirubin, Direct
Bilirubin, Total
Calcium
Cholesterol
Creatinine Kinase
(CK)

Chioride
Creatinine

GGT

Glucose

HDL

Potassium
Sodium
Phosphate
Total Protein
Triglycerides
Urea Nitrogen

Uric Acid
LDH
Magnesium
LoL

Lipase

2013 Chemistry Analyzer

e XXXXXX Automated Chemistry Analyzer. Hyo-Jun Ahn, Hye-Ryun Kim, and Young-

TEa

10%
30%
20%
20%
30%
44.5%
63.5%
15.48%
10%

30%

5%
25.21%
22.11%
10%
30%
18.05%
2.65%
10.7%
10%
25%

17%
20%
25%
20%
37.44%

Level1

4.55
921
44.2
29.4
262.8
0.39
0.63
6.46
219.8

110

98.9
119
279
61.4
76.1
277
151
2.73
713
88.1
13.53

332
246.4
0.58
140.1
386

J Lab Med Qual Assur 2013;35:36-46.

V%

1.45%
8.78%
3.1%
4.0%
2.54%
4.84%
4.2%
4.38%
1.53%

2.17%

1.03%
3.97%
4.82%
1.86%
2.53%
1.7%
0.9%
2.0%
1.8%
5.0%
2.8%

2.4%
1.2%
8.8%
2.5%
2.4%

Bias%

4.37%
286.24%
12.12%
18.65%
137.03%
12.93%
12.63%
0.36%
3.88%

13.07%

0.05%
10.92%
32.92%
6.53%
13.94%
5.56%
1.24%
2.29%
7.59%
8.78%
19.85%

8.14%
136.14%
9.70%
4.65%
53.91%

44.5%
20.0%
10.54%
10%

30%

5%
15%
22.11%
10%
30%
11.42%
2.84%
10.7%
10%
25%
9%

17%
20%
25%
20%
37.44%

Level 2

3.79
366.4
165.7
1223
836.2
1.44
2.73
9.49
167.5

3722

92.8
4.07
70.4
208.1
65.1
4.38
140.6
5.42
5.48
57
39.89

7.03
480.7
1.36
106.8

Westgar

V%

1.75%
3.19%
2.72%
2.88%
1.59%
6.34%
7.19%
3.9%
2.61%

2.65%

0.92%
3.25%
3.65%
3.1%
2.34%
1.0%
0.9%
1.6%
2.3%
6.7%
2.7%

2.1%
2.3%
4.6%
2.9%
2.6%

233.@% /@
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Display of Sigma-metrics:
ﬁENmmalized Method Decision Chart (26 tests)
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Three Glucose methods:

L Arethey acceptable?

Glucose Total Allowable Error = 10%0
(CLI1A)

Method A Method B Method C

Cv =23 Cv=109 Cv=1.09

Bias = 2.1 Bias = 4.2 Bias =0
Sigma A: Sigma B: Sigma C:
=((10-2.1)/723 =((10-42)/719 =(@A0-0)71.9
=79/723 =5871.9 =10/71.9
=34 = 3.05 =5.26
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| MEDx Chart for Glucose Examples
.IEHHEL- o
glucose Assay performance Method Decision Chart

Observed Inaccuracy, % Bias
- [+ ] w F = o [=2] ~ (= -] w
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Summary of Sigma-Metrics
for Evaluation of Quality

* Sigma-metrics (concept of hitting the target)
Quality Requirements (size of the target)

Method Performance Data (did we hit it?)

Now what do we do? ACCEPT OR REJECT THE METHOD
Even better: DETERMINE THE RIGHT QC!

Westgard QC "#/
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