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Development of Analytical QC Plan and Quality System Model

(1a) Regulatory &
Accreditation Requirements

(2a) Traceability

(4b) Pre-analytic and
Post-analytic Requirements

(12) Improve Analytic QC Plan
[CQI, CAPA]

(11) Monitor AQCP Failures
[FRACAS] (Quality Indicators)

(10) Measure Quality
& Performance (EQA, PT)

Abbott, 2014

(1b) Clinical and
Medical Applications

(1) Define Goals for
Intended Use (TEa, Dint)

(2) Select Analytic
Measurement Procedure

(2b) Manufacturer’s
Reference Methods & Materials

(3) Validate Method
Performance (CV,bias)

(3a) Manufacturer’s
Claims

(4) Implement Method
and Analytic System

(4a) Manufacturer’s
Installation/Training Services

(5) Formulate
“Sigma QC Strategy”

(5a) Sigma
[(TEa-Bias)/CV]

(6a) Sigma
QC Selection Tool

(6) Select/Design
SQC (rules, N)

(7) Develop (7a) Risk Analysis

Analytic QC Plan I
(8) Implement (8a) QC Tools

Analytic QC Plan

(9) Verify Attainment of
Intended Quality of Test Results




SKALA SIX SIGMA*

SIGMA ERROR (%) ERROR (dpm)
1 69% 691462
2 31% 308538
3 Minimum 6.7% 66807
4 0.62% 6210
5 0.023% 234
6 World Class 0.00034% 3.4
7 0.0000019% 0.019

*Tabel to convert DPM to Sigma




Sigma Metric

* |ndustries outside of healthcare:

— 3 sigma is considered the minimal acceptable
performance for a process

— < 3 sigma, the process is considered to be
essentially unstable and unacceptable

 |n healthcare:

— The sigma performance of common processes are
less well known

Westgard S, 2009 . v ;L i ‘



Practical Applications of SIGMA metrics in the Laboratory

Evaluating manufacturer’s performance claims

# Support in decision making when purchasing new analytical
system

Method Validation: Validating method performance of new
analytical systems

Ongoing assessment of method quality: Monitoring of method
quality throughout lifetime of an analytical system KPI

QC Planning: Selection of appropriate QC rules/
procedures based on the quality of method

Westgard, 2014 . L ?\/ ‘



Comparison of
6 Competitors on 8 chemistry analytes

« 20 patient serum samples

« Comparison against reference
methods or all-method-trimmec
mean

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

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

nical Chemistry Sk
ES5- B3 (H14)

‘Genaral Ciinical Chessistry

c,

Measurements for 8 Common Analytes in Native Sera
Identify Inadequate Standardization among 6 Routine
Laboratory Assays

Hedwig CM. Stepman,’ Uil Tikkainan,” Déetmar Stockl,” Hubert 'W. Vespar,® Sakin H. Edhwards,”
Haarl Laftinen,” Jorma Palantl,” ard Linda M. Thierpont,'™ on bahalf of the partidpeting laboratories™

mackcennr External quality assessment (EQA) with
comemiahle samples 15 esential for ascacdng the qual -
tty of assays performed by laboratores, partionlarky
when the emphasks Is on their sandardization status
and imterchangeability of resalis.

srmnnes: We nsad a panel of 20 fresh-frozen single-
donation serum samples io assess assays for the mea-
srement of creatinine, ghoose, phosphate, wric add,
total cholesterol, HIN. dhalesieral, LDL cholesiel,
and trigiyeerides. The ommenclal ramdom acoess plat-
forms Inchaded: Abbott Archied, Beckman Coakier AL
Orthe ¥ itros, Roche Cobas, Stemens Adwvia, and Thermo
Soentific Konelah. The asessment was done at the peer
groap lkeved and by comparison against the all-method
Erimmed mean or refereno: method valoes, where avall-
able. The comsidered quality ndicbons were Intraassay
Impracision, combined imprecigon {indoding ample—
mmairix tmerferemoe], biae, and total error. Failipas: ded-
shons veere based om Bmiis refleciing siate-of-the-art per-
fiormmance, but also limiis related o biclogicl varation.

meemnrs Most asays showed excellemt peer perfor-
mance attributes, except for HOW- and LI choles-
terol. Cases in which individual assys had blases ex-
cerding the msed limits were the Stemens Advia
creatinime {—4.2%), Ortha Vitros phosphate (8.9%),
Beckman Comlter AU trighycerides {5.4%), and
Thermo Scentific Konelab arc acld (6.4%), which
lead o comsiderable intermay disrepamces. Addi-
tionally, large laboratory effects were observed that
cansed mterabomaiory differences of = 30%.

oowciumoss The design of the EQA stody was well
suied for monitoring different quality attribates of as-

mys performed im datly laboratory practice. There 1s 2
need for Improvement. sven for stmple dinical chem-
tiry analytes. In paritoalar, the interchangeability of
resulis rematns jeopardized both by assay standardira-
tiom ksmes and Individual hboratony effects.

0 2014 Armcrices Sxcsciasios for (inicl Chernisiry

Perfiorming acoarate and precise measarements that
are comparabile over time and location and across as-
mys |5 mswenttal for ensuring appropriate dinicl and
pablic health practice. Ome step toward achieving this
goal |s using assays that are metrologically traceabde toa
higher-order reference: mezsrement system or har-
monized by use of internationally recognized proce-
dures (1, 2). In Europe, the Eoropean Union Direcive
am In vitre disgmastic medical devices requires demos-
stration of metrological traceability (3 ). Thuos, in prin-
ciple, labomatories nsing CE-marked assays consisting
of calibrator, reagent, and Instrument from the sme
manufactarer {s-called homogeneous systems) @n
assame aonuracy and interchangeabiity of their mea-
mrement resahs. Howsver, the Intrimsic qualtty of 2
marmfactarer's assay or iest sysiem might be com-
frumded by the laboratory using the systemn. Therefore,
an independent assessment of the quality of measure-
ments obtained ander rostine conditions 15 essential
for emmuring optimal patient re and public helth
Extermal quality ascascmint {(BQA)E alsny callad profl-
clemcy testing, plays a key mle in this regard {4, 5. To
oower the broad spectnam of sources potentially Im.-IJ

ating the qualtty of ¢ ts, the

schemes meed to fialfill ceriain requirements in terms of
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Sigma evaluation of results

Cholesterol 7.67
Creatinine 5.7
Glucose 4.81
HDL 6.56
LDL 5.41
Phosphate 6.67
Uric Acid 6.98

Triglycerides 10.43

2.55
7.35
3.96
11.42
n/a
6.71
12.09
542

3.42 4.25 5.69
5.62 3.58 4.58
4.34 5.09 4.71
11.96 11.29 10.01
n/a 5.16 3.72
0 3.46 4.82
15.23 5.68 5.2
14.18 18.15 8.32

Average Sigma-metric calculated of 3 levels measured
Approximately 10 labs for each instrument

CLIA goals used

3.46
5.56
4.17
10.51
4.06

n/a
6.43
8.02




Standardization Conclusion

« Given conditions: achieving > 6-Sigma
performance or highest performance among
competitors:

— Abbott: 6 of 8 analytes

— Beckman: 4 of 7 analytes

— Ortho: 3 of 7 analytes

— Roche: 3 of 8 analytes

— ThermoFisher: 3 of 8 analytes
— Siemens: 2 of 8 analytes

P,

Al



How to measure Sigma metric on scale?

Measure
Qutcome

Inspect Outcomes
and Count Defects

Calculate Defect
Per Million (DPM)

Convert DPM
to SIGMA Metric

Useful for pre- & post-
analytical processes

Measure
Variation

Measure Variation
(Bias, CV)

Calculate SIGMA
SIGMA=(TEa-bias)/CV

Implement
“‘Right QC”

Useful for analytical
processes




Sigma Metrics of Common Processes (US)
and Laboratory Processes (Italy)

5.6
5.2
43
4.1 A
3.7 3.6
2. |

Airline Safety = Baggage handling Departure Delays Missing data on Insufficient Hemolyzed Inadequate  Unacceptable IQC Unacceptable EQA
input tests sample volume specimens anticoag ratio

Sources: Quality Indicators in Laboratory Medicine: Experience of a
Large Laboratory. L. Sciacoelli, A. Aita A. Padoan. M. Plebani, Abstract N L
0962, IFCC World Lab Istanbul Yo'y

w




Sigma Metrics of Laboratory Processes (Romania)

5.6
5.3
4.8 4.8
4.5
4.2
4
| ¥

Patient ID Errors Missing data on Samples lost Inadequate anticoag Hemolyzed Clotted samples LDH QC Sodium QC
input tests ratio specimens

Sources: Quality Indicators in the Preanalytical Phase of Testing in a
Stat Laboratory, Grecu DS, Vlad, DC, Dumitrascu V, Lab Medicine N
Winter 2014, i45:1:74-81 v °\3




Sigma Metric for Process Performance

* Define what are the quality indicator for some step processes
— Ex: Order accuracy, turn around time, etc

e Calculate Defects per million opportunities (DPMO) from
existing data, using:

DPMO = . (Number of defects x 1.000.000)
(numb of defect opportunities/unit)x(number of unit)

* Convert DPMO to sigma metric using:
— Six Sigma Table

— Excel software




Sigma Table

Yield (Accuracy Rate) Defect Rate Sigma Level
99.9997 0.0003 6.00 3.4
99.9970 0.0030 5.51 30
99.9770 0.0230 5.00 230
99.8650 0.1350 4.50 1,350
99.3790 0.6210 4.00 6,210
97.7300 2.2700 3.50 22,700
93.3200 6.6800 3.00 66,800
84.2000 15.8000 2.50 158,000
69.2000 30.8000 2.00 308,000
50.0000 50.0000 1.50 500,000
31.0000 69.0000 1.00 690,000
8.0000 92.0000 0.09 920,000
<7 >100 0.00

>920,000 .
T T



SIX Siqrna Calculator EnterValue in Yellow cells only

A. All values required to calculate Sigma level

Defects: 18.0 DPMO: 1,739
Units: 3,450 Sigma Level: | 4.42
Opportunities per Unit: 3.00

B. Sigma calculated based on defects and number of opportunities
Defects: 1 DPMO: 500
MNumber of Opportunities: 2,000 sigma Level: | 4.73

C. Enter only the known Defects Per Million Opportunities
Enter DPMO 1,300 Sig_]ma Level: 4 41

00




Romanian Analytical Errors _
I 3,880 ‘ Sigma :

Romanian Pre-analytical errors

Italian Analytical Errors

Italian Pre-analytical Errors

M 1,457 Sigma: 4.77

4.38

b

Sigma :

8,977 »Sigma . 3.71

Raw Error Rates*

3.52

L]

1,767

* per million incident °

009°C
000'S
009°L
000°0T
005°CT
000°ST
005°LT

1. Calculate Error in DPM
2. Convert DPM to Sigma Metric used
Six Sigma Calcuator

00002
0097¢¢

000ST -

009°L¢
000°0€

0059°¢E
000°S€




Laboratory Performance Indicators as Outcome Measure

Order Accuracy 18.000 3.60
Duplicate test orders 1.52 15.200 3.65
Wristband errors (not banded) 0.65 6.500 4.00
TDM timing errors 24.4 244.000 2.20
Hematology specimen acceptability 0.38 3.800 4.15
Chemistry specimen acceptability 0.30 3.000 4.25
Surgical pathology specimen accessioning 3.4 34.000 3.30
Cytology specimen adequacy 7.32 73.700 2.95
Laboratory proficiency testing 0.9 9.000 3.85
Surg path froz diagnostic discordance 1.7 17.000 3.60
PAP smear rescreening false negative 2.4 24.000 345
Reporting errors 0.0477 477 4.80

Sources: Six Sigma Quality Design & Control, James O, Westgard

0.90



Sigma Metric for Process Performance in
Clinical Laboratory

*To achieve 3 sigma, usually only obvious changes and corrections
are required

*To achieve 4 sigma, processes must also be improved
*To achieve 5 sigma, the design of the processes must be improved

*To achieve 6 sigma, requires rigorous tools and a design for
perfection

Starting from the goal is to cut the number of defects in half, is
more realistic goal than trying to achieve 6 sigma for every process

05 @



Three keys to Assess Quality

@Sigma—metrics (shape of target)

@Quality Requirements (size of target)

« Method Performance Data




Sigma metric equation for analytical
process performance

Sigma-metric = (TE, — Bias)/CV

- TEa + TEa
Bias .
)
= .
| /0
S Cv-
- - defects
_ .

-6S -5s -45 -35 -25 -1s 0Os 1s 2s 3s 4s bs 6s

00



Example Sigma-metric Calculation

3 levels of a cholesterol study, Clin Chem July 2014
» CLIA PT criterion for acceptability = 10%

» Total Precision (CV): 1.0% 09% 1.0%

» Bias: 3.0% 2.5% 2.3%

Sigma Level 1=(10-3)/1.0

=7.0/1.0=7.0

Sigma Level 2 =(10-2.5)/0.9
=7.5/09 =8.3

Sigma Level 3=(10-2.3)/1.0
=7.7/1.0 = 7.7

Average Sigma=(7.0+8.3+7.7) /3=7.67




Method Decision Chart

Observed Inaccuracy, % Bias

Chart for TEa=10.0%
Method Decision Chart

Observed Imprecision, % CV

1. Scale the y-axis 0 to the TEa
2. Scale the x-axis 0 to half the TEa

Free download at http://www.westgard.co

Method Decision Chart TEa=10%

10.0

9.0
é 8.0
;lé 7.0
é_ 6.0
5 50 o
_;i 40 . %
o] Y
% 3.0 \
£ 20| world TN

Class b
1.0 ~
.
0.0 — -
0.0 1.0 20 3.0 4.0 5.0
Observed Imprecision. %CV

Criterion | Y-int X-int Sigma
Bias + 2s | TEa TEa/2 2
Bias + 3s | TEa TEa/3 3
Bias +4s | TEa TEa/4 4
Bias + 5s | TEa TEa/5 5
Bias + 6s | TEa TEa/6 6




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

Observed Inaccuracy, Bias

10

o

»

Method Decision Chart for 10%

Observed Imprecision, CV

\ i
(] -



Observed Inaccuracy, %Bias

w

Normalized Method Decision Chart

Method Decision Chart TEa=10% 100
10.0 N
80 TN
9.0 o Unacceptable
8.0 \ o
7.0 = " NS
~ L .E \"., \\
6.0 < G @ 80 N
~ ‘79% 2
50 L Gﬂf = 50 \ Y
L N ‘?éfe 3 \
40 ~ = 40 .
™ = )
2.0 ~ @ "\\ \\
“ E 30 Ay ~
20 World > \ h
cl o 2 2 WorldClass * "7 I R
10 ass = ) o
. (‘_)_ O A o/‘
10 [ 3 &
0.0 —_— % D 2
0.0 1.0 20 3.0 4.0 50 - O 7
[}] - k™S

PR mm o 07 VT -
Observed Imprecision, %CV 000 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Allowable Imprecision (CV, %)

Method Decision Chart TEa = 100%

\ 3
| .



100

SIX SIGMA EVALUATION N
90— —
NORMALIZED MEDICAL DECISION CHART N Unacceptable
80 N\ —
W
= 70 W
: Cholesterol . ARTR A
Test/Analyte: Cholestero EnterValuein Yelloy # AN ‘\\
Methodology CHOD PAP = 60 < §
MDL 200 mg/dL = \ \
Quality Requirement % £ 50 \ N
Allowable Total Error 10.0 E 0 \ N
Off set 0.0 £ A\
2 Y *
-l 30 NI *
Evaluation Result I TE (%) E 2 VLS @\” N
—_ hy % o
Imprecision (RE {%CV)) 2.3 5.2 = % Y S, . 5
Bias (SE (d%)) 2.9 0 L \é%g;l(sj 6?'&—\5 %@ \ O(;
2N
0 | b \i + Sy I
000 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Mote: — Sigma Performance
3 Sigma Performance Allowable Imprecision (CV, %)
4 Sigma Performance
5 Sigma Performance Formula:
6 Sigma Performance Sigma - (TEa-bias)/CV
RESULT THIS CALCULATE
Sigma Metric : 3.1

Marginal (3 Sigma Performance)

Form made by: Andri Hidayat (Prodia Clinical Laboratory)
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-
Problem Set NANNN
Normalized IS
Method
Decision
Level

Allowable Inaccuracy (Bias, %)
!

",

Bt
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L " -
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Allowable Imprecision [CV, %)

LDL 20 3 7.68
Uric Acid 17 1.6 3.4
Urea-N Y 1.8 1

LDH 20 3.6 2.7
Lipase 37.88 3.5 4.2
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3.67 15.7
LDL 20 3 7.68 4.11 15 38.4

Uric Acid 17 1.6 3.4 8.50 9.41 20
Urea-N Y 1.8 1 4.44 20 11.1

LDH 20 3.6 2.7 4.81 18 13.5
Lipase 37.88 3.5 4.2 9.62 924 111



QC Design - Quality Planning Process

1. Define Quality 5. Evaluate Rejection
Requirements Characteristics

2. Assess Method 6. Select Ctrl Rules (N),
Performance no of measurements

3. Prepare OPSpecs 7. Adopt Total
Chart QC Strategy

4. Plot Operating 8. Reassess for
Point Change




1. Defining Quality Requirement
e The tolerance limits must be defined.

* In the clinical laboratory, the quality required by an
analytical testing process must be defined.

e Define Quality Requirement for assay at some MDL

* Tolerance limits, in the laboratory, are best
expressed as a total allowable error (TEa)
specification.

 TEais a well-accepted concept in healthcare
laboratories, as a model that combines both the
imprecision and the inaccuracy (bias) of a method to
calculate the total impact on a test result

Westgard S, 2009 . (%} .



Where can we find a Quality Requirement ?

Quality Requirement

Evaluation of the effect of analytical performance on clinical outcomes in
specific clinical setting

1 . : :
- Depth studies of the effect of changes in analytical performance upon
patient populations
Evaluation of the effect of analytical performance on clinical decisions in
5 general

- Data based on components of biological variation
- Data based on analysis of clinicians opinions

Published professional recommendations
3 -From National and international expert bodies
-From expert local groups or individuals

Performance goals set by
4 -Regulatory bodies
-organizers of External Quality Assessment (EQA) schemes

Goals based on the current state of the art
5 -as demonstrated by data from EQA or PT
-as found in current publications on methodology

w2
Stockholm Consensus Hierarchy,1999 . . ~\u~ ‘




Total Allowable Errors (TEa)

http://www.westgard.com/biodatabasel.htm

PT/EQA groups

CLIA

RCPA

Rilibak

Biologic Variation Database
“Ricos Goals”

Your Clinical Decision
Intervals (BEST)

= Evidence-based
Guidelines

= Clinical Pathways

Best Practices for Quality Requirements

Biological  [Desitable
Anayte Voriation  |specification
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Quality Requirements

Mesmym aashytical quakly
Mquidmans

Mesmum Spechcations
from Biologcal Variaticn
database

Optimal Srologreal Vanabon
danatase spacheations

Ritbak - German Gudelnes
for Qualty

Brological Vanation in
Patients weh Disease

CLIA Rogurements for
Angytical Qualty

Clnezal Qualty
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European Bulogic Goals
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Database tederences

Brlogeal Viration
Database tedprence gt

RCPA (Austratasuan) Quaity
Regarements

Qualty Requirements for
Dogs, Cats, and Hoeses?

1843 Stockholm Consensus
Statement




Sodium goals

Quality Goal

CLIA Desirable RCPA Rilibak Spanish
Biologic Goal Minimum
Consensus
+ 4 mmol/L + 0.9% + 3 mmol/L £ 150 +5.0% +5.0%
mmol/L;

+ 2% > 150 mmol/L




Observed Inaccuracy, % Bias
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Sodium Performance Comparison, Ricos Goal

Sodium Performance Comparison, Rilibak Goal
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Revisiting our Comparison of

6 Competitors on 8 chemistry analytes

 What happens if we use
different quality
requirements?

nical Chemistry Sk
ES5- B3 (H14)

‘Genaral Ciinical Chessistry

s

Measurements for 8 Common Analytes in Native Sera
Identify Inadequate Standardization among 6 Routine
Laboratory Assays

Hedwig CM. Stepman,’ Uil Tikkainan,” Déetmar Stockl,” Hubert 'W. Vespar,® Sakin H. Edhwards,”
Haarl Laftinen,” Jorma Palantl,” ard Linda M. Thierpont,'™ on bahalf of the partidpeting laboratories™

mackcennr External quality assessment (EQA) with
comemiahle samples 15 esential for ascacdng the qual -
tty of assays performed by laboratores, partionlarky
when the emphask Is on their sandardization status
and imterchangeability of resalis.

srmnnes: We nsad a panel of 20 fresh-frozen single-
donation serum samples io assess assays for the mea-
srement of creatinine, ghoose, phosphate, wric add,
total cholesternl, HDL. cholesteral, LIDL cholecterol,
and trigiyeerides. The ommenclal ramdom acoess plat-
forms Inchaded: Abbott Architedt, Beckman Coaker AL
Orthe ¥ tirns, Rioche Cobas, Stemens Adwvia, and Thermo
Soentific Konelah. The asessment was done at the peer
groap lkeved and by comparison against the all-method
Erimmed mean or refereno: method valoes, where avall-
able. The comsidered quality ndicbons were Intraassay
Impracision, combined imprecigon {indoding ample—
mmairix tmerferemoe], biae, and total error. Failipas: ded-
shons veere based om Bmiis refleciing siate-of-the-art per-
fiormmance, but also limiis related o biclogicl varation.

meemnrs Most asays showed excellemt peer perfor-
mance attributes, except for HOW- and LI choles-
terol. Cases in which individual assys had blases ex-
cerding the msed limits were the Stemens Advia
creatinime {—4.2%), Ortha Vitros phosphate (8.9%),
Beckman Comlter AU trighycerides {5.4%), and
Thermo Scentific Konelab arc acld (6.4%), which
lead o comsiderable intermay disrepamces. Addi-
tionally, large laboratory effects were observed that
cased intedaboratory differemces of = 30%.

oowciumoss The design of the EQA stody was well
suied for monitoring different quality attribates of as-

mys performed im datly laboratory practice. There 1s 2
need for improvement, sven for steple dinlcal chem-
ftstry analytes. In pariicalar, the interchangeability of
mesulis rematns |eapardized both by assay standardira.-
tiom ksmes and Individual hboratony effects.

0 3014 Americe AxocsSion for Cintcl Chorsisiry

Perfiorming acoarate and precise measarements that
are comparabile over time and location and across as-
=@y |5 eseenttal for ensuring appropriate dinlcl and
pablic health practice. Ome step toward achieving this
goal |s using assays that are metrologically traceabde toa
higher-order reference: mezsrement system or har-
montred by nse of internationally recognized proce-
dures (1, 2). In Europe, the Eoropean Union Direcive
am In vitre disgmastic medical devices requires demos-
stration of metrological traceability (3 ). Thuos, in prin-
ciple, labomatories nsing CE-marked assays consisting
of calibrator, reagent, and Instrument from the sme
mamfactarer {se-called homogeneous systems) cn
assame aonuracy and interchangeabiity of their mea-
mrement resahs. Howsver, the Intrimsic qualtty of 2
mamiactarer's assay or fest sysien might be con-
frunded bry the laboratory using the system. Therefore,
an independent assessment of the quality of measure-
ments oblained ander routine conditions |5 essentlal
for emmaring opttmal patient care and public health
External qualtty assasement {ECA)E also called prof-
clemcy testing, plays a key mle in this regard {4, 5. To
oower the broad spectnam of sources potentially |I1'|'IJ
idating the quality of o ts, the

schemes need to fulfill ceriain requirements in terms of
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Quality Requirements for common chemistry analytes

CLIA Goal

Cholesterol
Creatinine
Glucose

HDL

LDL
Phosphorous
Uric acid

Triglycerides

10%
15%
10%
30%

17%
25%

8.5%
8.87%
6.96%

11.63%
11.9%
10.11%
11.97%
25.99%




Sigma evaluation of results (mostly CLIA goals)

T e B T e

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 10.43 542 14.18 18.15 8.32 8.02

Average Sigma-metric calculated of 3 levels measured
Approximately 10 labs for each instrument
CLIA goals used




Sigma evaluation of results (all Ricos goals)

Cholesterol 6.12 1.95 2.89 3.39 4.80 2.76
Creatinine 2.65 4.18 3.14 1.80 1.95 3.17
Glucose 3.31 2.57 2.52 3.44 3.14 2.80
HDL 1.93 3.59 4.34 3.37 3.42 2.88
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 4.54 8.21 9.90 3.57 3.58 3.39
Triglycerides 10.86 5.69 14.75 18.92 8.66 8.42

Average Sigma-metric calculated of 3 levels measured
Approximately 10 labs for each instrument
CLIA goals used




Sigma Ranking
Mostly CLIA goals (+2 Ricos) All Ricos Goals

>6-Sigma performance or highest >6-Sigma performance or highest
performance among competitors: performance among competitors:

— Abbott: 6 of 8 analytes — Abbott: 4 of 8 analytes

— Beckman: 4 of 7 analytes — Beckman: 3 of 7 analytes

— Ortho: 3 of 7 analytes — Ortho: 3 of 7 analytes

— Roche: 3 of 8 analytes — Roche: 2 of 8 analytes

— ThermofFisher: 3 of 8 analytes — ThermoFisher: 1 of 8 analytes
— Siemens: 2 of 8 analytes — Siemens: 1 of 8 analytes

4]
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Putting Quality Goals in
perspective

"Incorrect priorities do damage....In some
organisations, in the place of the prime directive,
"the needs of the patient come first", goals of (a)
hitting targets and (b) reducing costs have taken
@ centre stage. Bad news becomes unwelcome and,
@ver time, it is too often silenced. Under such
conditions organisations can hit the target but
miss the point."....

4
1 ‘\‘

"Use quantitative targets with caution. Goals in the form of such targets
can have an important role en route to progress, but should never displace
the primary goal of better care.

"While 'Zero Harm' is a bold and worthy aspiration, the scientifically
correct goal is ‘continual reduction’. All in the NHS should understand that
safety is a continually emerging property, and that the battle for safety is

never 'won'; rather, it is always in progress." . .




2. Assess Method Performance (Bias and
Precision)

# The Best Estimate for Bias

Preferred estimates of Bias

1 Bias from reference material or reference method

2 Bias from the mean of a peer group
3 Bias from the all-method mean of a proficiency testing (PT)

4 Bias from a comparative method (new vs old method)

5 Bias from observed mean vs Assayed mean / target value




# The Best Estimate for Imprecision

Preferred estimates of imprecision

Routine, Historical imprecision (cumulative CV), measured over
1 a long term. The CLSI C24 guideline recommends three to six
months of routine data

Total imprecision (intermediate precision). A total precision
study is conducted which consists of two runs per day of a

2 sample, run for 20 days. The CLSI EP5 guideline specifies how to
conduct this

3 Within-day or between-run imprecision. Two runs within a
single day, each run consisting of 10-20 replicates of a sample.
Within-run imprecision (repeatability). This is the easiest type of

A study and is conducted frequently, particularly in method

validation studies. Performed within a single run, with at least
20 replicates of a sample

A AN 4



3 — 6. Operating Specifications (OPSpecs) chart:
Optimizing QC Design and Planning

1000 NORMALIZED OPSpecs Chart TE,=100.00% with 90% AQA(SE) Ns of 2
90.0
~ 80.0 x
=N \\ P
5 \ 1
E00 N 25
g .0 \%\\ o 0.03
=~ \‘}} A © T3s/20sMas
o W O
& 500 W\ 0.01
5 A\ %) 1
L&) “t\"-,;w' - 3s
] \ \‘x'*- (@)
® 40.0 \‘-ﬂ\ a:}%% 0.00
© 1\\“&. 0% 1355
S 300 \ \\;. < 0.00
: W \% |
S DAY X)) 1
= 200 \ N 3s
< H‘-ﬁ\ HI\::\‘ 0.00
10.0 W 14
W AN 5.00
0.0 ALY
0.0 10.0 20.0 0 40.0 50.0

Allowable Imprecision {smeas%:'

___IVPRECISION

Free download at http://www.westgard.com/normcharts.html

OPSpecs Chart : tools
to define method
performance and QC
procedure (Rule, N, F).
OPSpecs can used for
quality requirement
other than Tea (Total
Error Allowable)

ex decision interval
(Dint)
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OPSpec Chart

Tittle of Chart
Type of quality requirement

Analytical TEa or Clinical Dint
@ Actual quality required
J Percent error detection
Control rules

K
OPSpecs Chart TEa 10,0% with 90% AQA(SE)

100 - Probability of false rejection

Number of Measurements
90 T \ - - -
. Lines show limits of 1, l, — Runs
80 1 bias and imprecision P, N R
. r

S 40 4 for different QC
k) procedures , o 2 1
@ 60 '
>
g 50 0.03 2 1
§ 135/235/R4s
o 0.01 2 1
2
% 30
= 0.00 2 1

20

0.00 2 1
10
(0]
50 \

Allowable Imprecision (CV, %) Th|S key indentiﬁes
Method bias on y-axis / the different QC

Method imprecision on x-axis procedures




Lines above and to the right of your Operating
Point are QC procedures you can use

100.0 _NORMALIZED OPSpecs Chart TE,=100.00%with 90% AQA(SE) Ns of 2
90.0
~ 80.0 :
2, 1 . P, N R
41 % 3|
g700 % \e ¥ ass
g W% QO 0.03 2
3 60.0 \ 3 o N 1,./2, R
> S 3s72s"4s
o ﬁ % o 0.01 2 1
g 200 N %5 0(0(\ 1 I
H \22\ \:L., % O\) 3s
§ 400 \E\ . %~ 0.00 2 1
© N N 13,55
3 300 N - .
g W AN 0.00 2 1
2 200 \ AN Yo
Q@ 1{}_30 T
100 ‘x\ \\,\\;\\ 4s
oo N\ 0.00 2 1
0.0 10.0 20.0 30.0 40.0 50.0

Allowable Imprecision {sm eas%l

Free download at http://www.westgard.com/normcharts.html




Lines below to the left of your Operating

Point are QC procedures that don’t provide
enough quality assurance

1000 NORMALIZED OPSpecs Chart TE_=100.00% with 90% AQA(SE) Ns of 2
90.0
a?mﬁﬂ 0 ‘\:: P & N R
1] 1
D700 i) 1
EE "‘i\\ L?% '6%55'35'""""""E""T'
8 600 N 1,12, R
> o\\}\ % 3s"2s”4s_
8 50.0 gaﬁ 5, 0.01 2 1
E \ " ! 35
§ 400 A\ 2 0.00 2 1
e W Wy & \eS |
P 1\\‘13. ose ™ 13,55
= 00 W\ e 0 0.00 2 1
: W AL ° .
% 20.0 v A oY 8s
& 0.00 1 1
10.0 "-‘\ s 145
A\ wm e 0.00 2 1
0.0 3 L
0.0 10.0 20.0 30.0 40.0 50.0
Allowable Imprecision {sm eas%l

Free download at http://www.westgard.com/normcharts.html




Think of the OPSpecs Chart like a Target

1000 NORMALIZED OPSpecs Chart TE,=100.00%with 90% AQA(SE) Ns of 2
90.0
a?fﬂ'ﬂ “;Q f P NOR
17 1
lh?ﬂ 0 % 1
£ W\ 2258
£ 0o W @, 0.03 27
=] i %
= W g 13s2psRys
o . % 0.01 2 1
® 50.0 5, M .
3 S 133
Q D
& 400 “%‘x . 0.00 2 1
2 300 A '3.55
s W 0.00 2 1
3 SHR 1
2 200 - 3 e
< O L\ 0.00 1 1
100 ) 14s
\ 0.00 2 1
0.0 '
0.0 10.0 20.0 30.0 40.0 50.0

Allowable Imprecision {sm eas%l

Free download at http://www.westgard.com/normcharts.html




Other Tools to Design SQC
Westgard Sigma Rules ™

2 Levels of Controls

ac [ p <

6c | 50 I 40 1 3¢
Sigma Scale = (% TEa-%Bias)/%CV
-—w W J



Westgard Sigma Rules ™
3 Levels of Controls

Data

ac [ P Report Results <

60 - 20 - 40 -
Sigma Scale = (%TEa-%Bias)/%CV




What happens when Sigmas >67?

* 14, 20, 30-Sigma are essentially no different from each other

* High Sigma-metrics may give you more “cushion” from lot-to-
lot variation, etc.

e Extremely high Sigma-metrics may indicate you could choose
a tighter Quality Requirement

00



What happens when Sigma <37

e Caution clinicians about critical interpretations (small changes
are only the noise, not signal)

e If all methods are <3, this may indicate the Quality
Requirement is not practical

e Ifjust your method is <3, use the RCV to try and compensate
for poor performance (wait longer for larger changes in test
results

 There’s no such thing as “negative” sigma




Test Glucose
Method Hexokinase
oys tem Architect C4000
1. Runs_.-rdaﬂ 1|

2. Da*,'s_a"'fear5| 355|

3. Control Rule in Us El

1-75, 2-25, R-45, 4-1

3a. False Rejection (Pfr) - use tat:IE|

0.03)|

4. Number of control rur'||

2|

5. Estimated Cost per Cnntrn::nl|

1,200 |

&. Number of tests in each group test|

100)|

7. Cost per tE5t|

1,500 |

False rejection cost test | if you repeat the entire test grnup|

3,285,000 |

1x2x3axbx7

False Rejection control cost - if you only repeat cnntrnl5|

52 560 |

lx2x3axdxh

8. Average hourly rate of employee who |

20,000 |

perform rework (repeat run)

C. Average amount of time cons umed|

0.5

when one run of this test must be redone

Rework laborcost :1x2x3ax Bx 9|

719,000 |

TOTAL COST OF WASTE AND REWORK
Control cost + Test cost + Rework labor cost

3,556,560

Quality Cost

This is the cost of
rework if the test
perform perfectly.
If any real
problems occur,
the cost of rework
IS more

00



Practical Implementation :
Measuring Sigma Metric in Analytical Quality

* Define Quality Requirement for assay at some MDL

e (Calculate imprecision.
Replication experiment for imprecision. Minimum of 20
samples over 20 days

e (Calculate bias assay, method or instrument.
Data from ongoing QC results or PT surveys

e (Calculate Sigma Metric using:
Sigma metric = (TEa — bias observed) / CV observed
* Plotting to Method Decision Chart (optional)

* Plotting Operating Specifications chart (OPSpecs) as QC
design tools and analyze to customize and optimize QC Design

00



Practical Implementation :
Measuring Sigma Metric in Analytical Quality

e Setting QC Rule and Number Control

* Estimasi Quality Cost of Quality Design

* Monitoring and Evaluate QC Programme
* Improvement

\ i
(] -




Case Study

* Aclinical laboratory will establish their new qc design that will
be use by the beginning of the next year.

 They have daily qc data, proficiency testing (PT) evaluation,
table of quality requirement, You are ask to help the lab to
calculate cv, bias (d%) and Sigma

e Establish Westgard rule that will be applied for every
parameter and frequency/level control that will be run daily
and plot the result in method decision chart if possible to find
out Pfr (Probability False Rejection) of the gc design they
choose




Problem Set 1

* Laboratory XX will evaluate analytical
perfomance in instrument Y and gc design
have been use for the last six months. The
parameter that will be evaluate is Albumin
using third party control with 2 level control
material.

 The Laboratory participated in Proficiency
testing (PT) program : Biorad Monthly Clinical
Chemistry (MCC)

e Quality requirement Albumin : 10% (CLIA)

o
- Vl;




| No |  TANGGAL LEVEL 1 LEVEL 2

1 1 Agustus 2015 4.04 2.72

2 421 2.73 DATA DAILY QC

3 2 Agustus 2015 4.23 2.69

) o o OF ALBUMIN

5 3 Agustus 2015 4.19 2.73

6 4.21 767 Control interval limit (mg/dL) :
7 4 Agustus 2015 4.10 2.71 -QC Level 1:

8 4.17 2.74 Mean : 4.22 g/dL

9 5 Agustus 2015 4.05 2.73 Range : (3.92 - 4.52) g/dL
10 4.28 2.70 _QC Level 2 -

11 6 Agustus 2015 4.25 2.80

. 105 574 Mean : 2.74 g/dL

13 7 Agustus 2015 4.40 2.81 Range : (2.54 -2.94) g/dL
14 4.27 2.82

15 8 Agustus 2015 4.17 2.70

16 4.25 2.75

17 9 Agustus 2015 4.35 2.58

18 4.27 2.68

19 10 Agustus 2015 3.95 2.89

20 4.41 2.90 . . ?\/ ‘



* Control interval limit :
Level 1:4.22 (3.92-4.52) g/dL
Level 2 :2.74 (2.54 - 2.94) g/dL
e Quality requirement (TEa) Albumin: 10%

* Formula:

Mean =nl+ n2+n3+..... + n20

d % ( inaccuration ) = mean replication (x) - true value (u)

true value (u)

SD

— SD
\/ 2 (- x) CV = — X 100%

N-1 X




* Dataresult:
QC level 1:
mean =4.22 g/dL, SD =0.12 g/dL,
CV= 0.12 x100=2.84%
4.22
QC level 2:
mean = 2.74 g/dL, SD = 0.08 g/dL
CV= _0.08 x100=2.92%
2.74

Ry



« EQAS - Albumin

Albumin Report
Clinical Chemistry (Monthly) Program Cycle 14
Jul 2015 = Jul 2016
BIORAD EQAS
INDONESIA Lot No: 211300
Comparative Statistics Your Deviation
N Mean 50 cv LI‘ Z-score  AMZ %
YDur HEEU“ @ Al Results 4053 4.85 0.303 6.25 o032 0.82 0.57 10
@] Your Method 2825 4.90 0.296 .04 0,014 (.56 0.35 4.0
5'1 g;dL @|‘|'wr Peaer 263 s.07 0.131 2.58 0.020 0.23 0,24 0.539 |
PEER METHOD ALL RESULTS
Your Result Your Fesult Yiour Fesult

O o o
4.42 272 3.42 G.38 3.34 6.37




e Bias EQAS calculation
Bias (d%) = 5.1 - 5.07 = 0.59%
5.07

e Sigma calculation
Sigma =10-0.59 =3.22
2.92




Albumin 10 1-3S, 2-2S, N=4;
R4S, 4-1S5,8x R=2

OPSpecs Chart TEa=10%

P N R
10.0 fr
1,.120f3, R, /3, /6
o 90 W 007 5 1
ﬂ I".__I..."'n .
& 5.0 1,12, IR, 14, /8
=~ 0.03 4 2
@"?_n 13 :22 IRg ”l
o 0.03 4 1
3 6.0 .
3 _25s
g 50 10.04 4 1
- _255
gm 0.03 2 1
1. 2. IR
3525 4s
2830 0.01 71
) 1
2.0 33
0.00 2 1
1
1.0 355
0.00 2 1
0.0
0.0 10 20 3.0 40 50

Observed Imprecision, %CV




Test Albumin
Method BCG
Sys tem Architect C4000
1. Ftuns,.-‘daﬂ 2|

2. Days;"‘fear5| 355|

3. Control Rule in Us E-l

1-25, 2-25, R-45, 4-1, Bx|

3a. False Rejection (Pfr) - use table|

0.03|

4. Number of control run|

4

5. Estimated Cost per Cu:nn1:r|::nl|

1,200 |

&. Number of tests in each group test|

100)|

7. Costper test|

1,700 |

False rejection cost test : if you repeat the entire test gru::up|

3,723,000 |

Ix2x3axbex7

False Rejection control cost © if you only repeat cnntrnl5|

105,120 |

lx2x3axdxs

8. Average hourly rate of employee who |

20,000 |

perform rework (repeat run)

8. Average amount of time cnnsumed|

0.5|

when one run of this test must be redone

Rework laborcost :1x2x3ax Bx EI'|

219,000 |

TOTAL COST OF WASTE AMND REWORK
Control cost + Test cost + Rework labor cost

4,047,120

Quality Cost

This is the cost of
rework if the test
perform perfectly. If
any real problems
occur, the cost of
rework is more



Problem Set 2

A clinical lab in Makassar will establish gc design
for their new instrument. It will be use next
month. The Lab conduct procedur validation for
10 days (2 run per day) to evaluate their new
instrumen's performance. In the validation, they

use third party control for glucose with 2 level
control material.




| No |  TANGGAL LEVEL 1 LEVEL 2

1 1 Agustus 2015 82.72 274.15
2 84.48 283.33 DATA DA| LY QC
3 2 Agustus 2015 83.79 280.62 O F G LU COS E
4 85.37 282.17
5 3 Agustus 2015 83.88 279.08
6 84.74 280.74 Control interval limit
(mg/dL) :
7 4 Agustus 2015 82.74 279.96
8 84.02 282.09 -QC Level 1:
9 5 Agustus 2015 82.22 275.5 AV : 32.6
10 84.14 283.98 Range : (81.2-84.0)
11 6 Agustus 2015 81.74 276.37 d% = 2%
12 84.54 289.15 -QC Level 2 -
13 7 Agustus 2015 83.05 278.13
AV : 276.4

14 83.86 282.97
15 8 Agustus 2015 81.37 276.67 Range: 272.8 - 280
16 84.55 280.57 d% = 1.6%
17 9 Agustus 2015 87.35 283.02 Quality Requirement

. (o)
18 87.97 284.55 Glucose : 10%

19 10 Agustus 2015 85.95 281.81
20 86.09 280.58 v ‘z /



* Dataresult:

QClevel 1:

mean = 84.2 mg/dL, SD = 1.8 mg/dL,

cv= 1.8 x100=2.1%,d=84.2-82.6 x 100 =2.0%
34.2 82.6

QC level 2 :

mean = 280.8 mg/dL, SD = 3.5 mg/dL

cv= 3.5 x100=1.3%, d=280.8-276.4 x100=1.6%
280.8 276.4

00



e Sigma Calculation
Quality requirement (TEa) glucose : 10%

averagecv=cvievell+cvilevel2=2.1+1.3=1.7%

2 2
average bias = (d%) level 1 + (d%) level 2 =2 + 1.6 = 1.8%
2 2
Sigma = TEa - bias (d%) = 10-1.8 =4.82
oY, 1.7




OPSpecs Chart TEa=10%
10.0 —

o
o

.
o

i
o

hadd
o

n
o

P
o

=
o

Observed Inaccuracy, %Bias

g
o

-
o

0.0
0.0

4.0
Observed Imprecision, %CV

Glukosa 10 4.82 1-3S, 2-2S, R4S =

Vv’




Test Glucose
hethod Hexckinase
oS e Architect C4000
1 Ftuns_fdaﬂ 1|

2. Days_s“fear5| EE-E|

3. Control Rule in Us El

1-25, 2-25, R-45, 4-1]

3a. False Rejection (Pfr) - use table|

0.03)

4. Number of control run|

4|

5. Estimated Cost per Cc:n1:rnl|

1,200 |

E. Number of tests in each group test|

100)|

7. Cost per te5t|

1,700 |
|

False rejection cost test [ if you repeat the entire test grnup|

1,861,500 |

lx2x3axex7

False Rejection control cost - if you only repeat n:nntrnl5|

52 560 |

lx2x3axdxk

B. Average hourly rate of employee who |

20,000 |

perform reveork (repeat run)

8. Average amount of time cnnsum&d|

0.5|

when one run of this test must be redone

Rework laborcost 1lx2x3ax Bx EI'|

108,500 |

TOTAL COST OF WASTE AND REWORK
Control cost + Test cost + Rework labor cost

2,023,560

Quality Cost

This is the cost of
rework if the test
perform perfectly.

If any real

problems occur,
the cost of rework

IS more

00



Problem Set 3 : Establish QC Procedure

Glukosa
SGOT 20 1.5 2
Cholesterol 10 1.8 2.4
Amylase 10 3.1 1.3
Magnesium 25 4,5 7.7




Jawaban

Glukosa
SGOT 20 1.5 2 12 7.5 10
Cholesterol 10 1.8 2.4 4.2 8 24
Amylase 10 3.1 1.3 2.8 11 13

Magnesium 25 4,5 7.7 3.8 12.8 10.8




— NORMALIZED OPSpecs Chart TE_=100.00% with 90% AQA(SE) Ns of 2
90.0
—~ 80.0
2y P N R
270.0 1
= "L .
o 506 2503 57
2 60.
- 135/225/Rys
® 50.0 0.01 2 1
3 T3s
@ 40.0 0.00 2 1
P 13 55
§ a0 0.00 2 1
1
2 200 . Amylase 38
AN \x 0.00 11
10.0 - : u; 4a
W]
0o \K A \ 0.00 2 1
0.0 10.0 20.0 30.0 40.0 50.0
Allowable Imprecision (s _ .. . %)
o9 | v | % | Sigme | Nopox | NoPsy
Glukosa 10 1.8 1 5 18 10
SGOT 20 1.5 2 12 7.5 10
Cholesterol 10 1.8 2.4 4.2 18 24
Amylase 10 3.1 1.3 2.8 31 13
Magnesium 25 4,5 7.7 3.8 18 30.8




Challenges in practicing sigma metric
1. It is quality requirement dependent.

- Depends on which quality requirement you choose

(the size of the TEa).
2. What to do with assays < 3 sigma?

Sigma = TEa — bias /CV
- Check from peer group database or EQA: verify the bias
- Check for QC/reagent/calibrator stability
- Check for any outliers in the cumulative data

Verify the manufacturer claimed. (e.g. imprecision/linearity)

Check with Key Opinion Leader: Pathologist if TEa used is
appropriate

Uncertainty Measurement
Delta Check

Change method?

00




Savings from Changes in Quality Control Program

— Reagent and Supplies
# Approximately 45% savings in reagents and supplies

for running controls
— Control Material Savings

# Approximately 45% savings in control material

— Labor Savings
— Savings from running QC g12 hour versus g8 hour
— Less investigation of QC failures

* Over 50% fewer QC failures to investigate

00




Conclusion

High Quality Methods are a Triple-Win

— Easier for Labs to operate

— Cheaper for health system to finance
— Better for patients and clinicians

Six Sigma will help the laboratory to choose the right gc design for eacn of
parameter

Implement the right qc design will give cost effective control

Sigma metric, method decision charts and OPSpecs chart provide easy
tools for laboratories to:

— Determine the performance of their current methods

— Validation protocols of a new instrument/method/reagent

— Compare instruments/method/reagent performance

— QC planning and QC design
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WORKSHOP SIGMA

Waktu Pengerjaan Kasus @ 20 menit

Setiap kelompok mengerjakan 1 bundel problem
set @ 3 kasus

Setiap kelompok akan diminta untuk presentasi
1 kasus @ 5 menit

Diskusi per kasus @ 5 menit




