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Goals of this presentation

[ [ [ [
e The Ugly What’s the typical QCin labs?

e TheBad Are our assays fit for purpose?

e The Good
How do we redesign our testing to do the Right QC Right -
AND save time, effort and money?

e Tools for Assessment, Assurance and Optimization
— Sigma-metric Equation
— Method Decision Chart
— OPSpecs Chart
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Disclosure: Know your Westgards

-
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“a” Westgard “The” Westgard

40+ years at the
University of

«20+ years at
Westgard QC

*Publishing Wisconsin
*Web “Westgard Rules”
*Blog Method Validation

Critical-Error graphs
*OPSpecs

ecourse portal
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Brief Overview of Westgard Web

e

Blog:
>250 Short articles

" Q&A

* | W Managing Q... I‘WNmYuI,N‘.. x

[enlslEh

JD The Westgar..

What's New on Westgard Web: January

Posted by Sten Westgard, MS
New Year, New Goals, New Risks

2012 promises to be a year of big changes for healthcare and
for laboratories. Does the future hold new risks in our
regulations? Better QC Plans and goals? Dr. Westgard looks

Did your laboratory resolve to embrace Risk Analysis this year?

New Goals: 2012 Biologic Variation Database Update

For the 7th time, Dr. Carmen Ricos and her colleagues in Spain
have updated the biologic variation database. The new edition
now lists 369 analytes, including 45 new analytes and
important new revisions for analytes like Troponin | and
HbA1c. We are so grateful to the Ricos group for allowing us
to host the database on the website,
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How do labs really perform QC?

 Multiple answers allowed, since different tests
will have different practices in the same lab

e Special thanks to David Housley

Westgard QC "~/



| [T
If you do use multirules (eg Westgard rules), do you

[
....-..‘m apply the same rules to all analytes, or do you use
method (analyte) specific rules? 57 responses
e 89.5% use the same QC

procedure for all analytes

- What rules do labs use?

11%

e 55.3% use single 2 SD rules

Do you use single 25D rules?

Westgard QC " »



.
EEEEEL
Are control limits set using manufacturer

* 56% use manufacturer derived ranges?
derived ranges to set control
limits

E:__What control limits do labs use?

e 81.3% use peer group or EQA
data to set control limits

Westgard QC




E.___ How do labs trouble-shoot?

=====il Out-of-control QC: Do you respond
|

by repeating the control?

e 82.6% repeat the control
on failed QC flag

® 84.9% run a new ContrOl Out-of-control QC: Do you respond

by re-running with new control?

e 93.7% re-calibrate, then

Out-of-control QC: Do you

re' r U n t h e CO nt rO | re-calibrate, then re-run control?

Qc \ A/



How often are labs letting errors

ERRREEEL
e How often is out of control (non-ideal) IQC
accepted (eg in order to ensure work is

completed) ? 84 labs

Daily
Weekly
Monthly
Rarely
Never
Other

2
46
22
4

out the door?

How often do you override QC flags?
Other

1 in 6 labs reqgularly
iIignore QC outliers

Westgard QC



Is “Quality Compliance” the
- problem, rather than the cure?

T
e We’re doing the right thing wrong

— Corrupting our QC system
— Corroding our trust in QC
— Compromising test results

— Trapping Cash

Westgard QC "~/



When you use the manufacturer recommended

I ) .
§=.i..__h SD, problems aren’t as obvious
BEREEER.

e All data within 2 SD. Too good to be true?

Westgard QC




When our QC isn’t working, what happens?

Purpose of  Laboratory Erroneous Corrected Actual clinical
Case Primary diagnosis testing test Units  results results Potential clinical consequence mnsequence
1 Autoimmune thyroid Diagnostic ATG il =3000 404 Repeat testing Maone
-- _— . disease on carbimazole work-up ATPO il =1000 876 T5H: <0.02 miwl
....- Free T4: 16.6 pmalil
-h... 2 Syncope Diagnostic ATG il 69 <20 Nane None
- - work-up ATPD 01 691 150 TSH: 6.90 miwv|
Clinical Free T4: 16.6 pmolil
3 Partial empty sella Disease IGF-1 ngiml 1509 55 Repeat testing Repeat testing
consequences of D
4 Pituitary microadenoma Disease GH payil 38.5 .09 MRI imaging for suspected GH secreting  Repeat testing
erroneous mon itaring IGF-1 ngiml 614 130 adenoma
5 Automimmune thyroid Disease ATG Uil 96 <20 Erroneous results not seen by physician ~ Mone
I b disease monitoring ATPOD 01 77 13
a O rato ry 6 Vitreous haemomhage Diagnostic ATG il 92 <20 Mone Mone
work-up ATPD s 37 <10 TSH: 0.86 miLv|
results that went Free 14:16.8 pol
t_ d f 1 O 7 Hypoadrenalism Diagnastic ACTH pmoll 411 21 Misdiagnosis as primary hypoadrenalism  Adrenal CT-scan
unnotice or ordered
8 Congenital adrenal Disease ACTH pmoll 102 36.6 Misdiagnosis of poor compliance to None
d ayS hyperplasia monitoring glucocorticoids
. . g Hypothyroidism on Diagnaostic ATG uil 126 23 Misdiagnosis of Hashimoto's disease Mone
Tse Plng Loh , Lennie Chua L-thyroxine replacement  work-up ATPOD il 366 =10 and need for repeat testing
. . TSH 0.05 miuyl
Lee, Sunil Kumar Sethi et al. Free T4: 18.4 pmal
J Clin Pathol March 2013, Vol 10 Graw's disease Diagnostic  ATG w300 <20 None None
work-up ATPD s =>1000 49 TSH: «0.02 miwl
166, NO.3 260_261 Free T4: TZ.FDI’I‘!DL"L
11 Automimmune thyroid Disease ATPO il =1000 19 Mone Maone
disease mon itoring
12 Hypoglycaemia for Diagnostic GH il J05 2.16 Misdiagnosis of aoomegaly Mone
¢ 1 teSt error investigation IGF1 ngimi 765 178
Repeat pgl 6.82 0.97
testing ngiml 783 180
. GH
1GF-1
[ J
5 teStS In e r ro r 13 Metastatic thyroid cancer  Disease ATG s a7 <20 Mone Mone
manitoring
14 Thyroid cancer, Disease ATG uil =3000 28 Misdiagnosis of cancer recumence, need  Mone
. post-surgical removal mon itaring for further laboratory and imaging
* 63 results in error sudis
15  Thyroid cancer, Disease ATG 01 140 <20 Misdiagnosis of cancer recumence, need  None
post-surgical removal monitoring for further laboratory and imaging
studies

The free thyroxine and thyrotropin concentrations measured together with the thyroid auto-antibody tests are provided.

ACTH, adrenocorticotrophic hormone (refernce interval: 0.0-102 pmoll), ATG, anti-thyroglobulin antibodies (negative if <40 |UAL ATPO, anti-thyrold peroxdidace antibodies (negative if
<50 WM}, GH, growth hormone (male <3.00 pofl female <B.00 wof), IGF-1, insulinlike growth factor-1 (87-238 ngiml), free T4, fee thyroxine (10.0-23.0 pmold), TSH, thymotropin,
(0.45-4.50 mIW1).



Would the right QC have caught
the error?

e 49 patients affected (IGF, ATG, ATPO, GH, ACTH)

S

— 4 procedures ordered erroneously (including a CT Scan)
— 7 patients ordered for retesting
— 6 misdiagnoses

Control 1 Values Control 2 Values




Turns out, bad QC in one lab

i----..__

For 2 YEARS, Mayo Clinic: about 5% of all IGF-1
tests were false positives.

“If the Mayo Clinic observations are generalized, a
laboratory performing 1000 IGF-1 tests/month
would be expected to generate around 50 false-
positive results each month. Some of these can be
expected to lead to follow-up appointments or
further testing and, ultimately, increased financial
burden and anxiety for patients.”

UVA: 8-month period in 2011, “20 abnormally high
IGF-1 results in 17 patients that did not agree with
clinical findings. In 17 of the 20 samples, the IGF-1
concentrations measured by a mass spectrometric

method were within reference intervals. In 7 of the

patients, expensive growth hormone suppression
tests were done; the results were within reference
intervals in 6, with the result in the seventh
nondiagnostic.”

Clinical Chemistry 35%:8
1187-11%4 {2013

....____yvasn’t the only problem...

Laboratory Management

Failure of Current Laboratory Protocols to Detect
Lot-to-Lot Reagent Differences:
Findings and Possible Solutions

Alicia Algeciras-Schimnich,” David E. Bruns,” lames €. Boyd,” Sandra C. Bryant,” Kristin A. La Fortune,?
and Stefan K.G. Grabe'”

mckcroUND: Maintaining consistency of resulls over
time & a challenge in laboratory medicine. Lot-to-lot
reagent changes are a major threat to consistency of
results,

mEmpops: For the period October 2007 through July
2012, we reviewed lod validation data for each new lot
of insulin-like growth factor 1 (IGF-1) reagents (Sie
mens Healthcare Diagnostics) at Mayo Clinic, Roches-
ter, MN, and the University of Virginia, Charlontesville,
VA, Analyses of discarded patient samples were used
for comparison of lots. For the same period, we deter
mined the distributions of reported patient results for
each bot of reagents at the 2 institutions,

ersvLTe Lod-to-lot validation studies identified no re-
agent bot as significantly different from the preceding
lot. By contrast, significant lot-to-lot changes were seen
in the means and medians of 105 668 reported patient
IGE-1 results during the period. The frequency of in-

allow |.|5|:|‘| identification of between-lot  result
INCOMEISIETCY.

© 3013 American Association for Clinical Chemistry

Maimenance of long-term stability of analytical pro-
cesses and results is a pivotal task for the clinical labo-
ratory. This process typically includes a comparison of
current and new reagent lots through paired measure-
ments of patient samples, with predefined acceptance
and rejection criteria (1 ). Power calculations suggest
that, for most assays, this approach should detect a shift
in -.‘.npa,' 0T i:|'|un.|,'p: of 109 with 909 likelihood, if
20=30 samples are tested, provided the analytical range
is mot too narrow (2, ). Each such assessment should
.|.I-.||'Iwr\'|,|'-|1||\.|r|,\l:|| pru,".lcsc.hlnzﬂ-ln-!r-l evahitions wode-
139 I|'-|1|_'_-1;':|:|| trends I-||:|.I|:|'._.| \I'\I1I|'\.Iliv.lll .w'u-c s vdliges
hefore and after 2 b L|1.|||i_'_;'. as well a5 externad -G;II.I.“[:-
assurance data, might provide further data on equiva-
L P . ne b

T B N T B
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Goals of this presentation

L T
e The Ugly: Are we doing the right QC?

* The Bad: Are our assays fit for purpose?

e The Good
Can we redesign our testing to do the Right QC Right -
AND save time, effort and money?

e Tools for Assessment, Assurance and Optimization
— Sigma-metric Equation
— Method Decision Chart

— OPSpecs Chart WeStga I"d QC W



“A manufacturer NGSP
certification does not
guarantee accuracy of a
result produced in the
field. We often observed
significant differences
between lots of reagents
In this study.”

See also the 12-part series
http://www.westgard.com/hbalc-methods.htm

Clinical Chemi Sa0l
44-52 (2010) -

Point-of-Care Testing

Six of Eight Hemoglobin A,_ Point-of-Care Instruments Do
Not Meet the General Accepted Analytical
Performance Criteria

Erna Lenters‘Westra™#" and Robbert J. Slingerland ™

BackerounND: Hemoglobin A, (Hb A, ) point-of-care
{POC) instruments are widely used to provide rapid-
turnaround results in diabetic care centers. We inves-
tigated the conformance of various Hb A, . POC instru-
ments (Init from Bio-Rad, DCA Vantage from
Siemens, Afinion and MNycocard from Axis-Shield,
Clover from Infopia, InnovaStar from DiaSys,
AICNow from Bayer, and Quo-Test from Quotient
Diagnostics) with generally accepted performance
criteria for Hb A .

merHops: The CLSI protocols EP-10, EP-5, and EP-9
were applied to investigate imprecision, accuracy, and
bias. We assessed bias using 3 certified secondary ref-
erence measurement procedures and the mean of the 3
reference methods. Assay conformance with the Na-
tional Glycohemoglobin Standardization Program
(NGSP) certification criteria, as calculated from analy-
seswith 2 different reagent lot numbers foreach Hb A, _
method, was also evaluated.

resurTs: Because of disappointing EP-10 results, 2 of
the 8 manufacturers decided not to continue the

tween different reagent lot numbers for all Hb A|_
POC instruments.
& 2009 American Association for Clinical Chemistry

Diabetes is one of the most challenging health prob-
lems of the 21st century. The International Diabetes
Federation estimates that more than 250 million
people around the world have diabetes (1). Cur-
rently diagnosis and follow-up are usually done in
special diabetes care centers. Many patients have
their blood drawn a week before they visit the phy-
sician to ensure that laboratory results are available
for appropriate clinical action. By providing results
rapidly following blood collection, point-of-care
(POC)* instruments could minimize patient incon-
venience and possibly avoid an extra visit to the
clinic. Studies have confirmed that immediate feed-
back of hemoglobin A, (Hb A,.) results improves
glycemic control in type 1 and insulin-treated type 2
diabetic patients (2-4).

Limited information is available regarding the
analytical performance of POC instruments that

Westgard QC "~
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In the Real World!
EEEm HbAlc — A case study

e Hemoglobin Alc example

— E Lenters-Westra, RJ Slingerland. Six of Eight
Hemoglobin Alc Point-of-Care Instruments Do

Not Meet the General Accepted Analytical
Performance Criteria. Clin Chem 2010;56:44-52.

— DE Bruns, JC Boyd. Few Point-of-Care Hemoglobin
Alc Assay Methods Meet Clinical Needs. Clin
Chem 2010;56:4-6.

Westgard QC "=/



“A Teaching Moment!”

T
* Real World Learning

— Series of 10 web lessons related to POC HbA1lc
e Abstract, analysis
e Quality requirements (Bruns and Boyd)
e Validation experiments (Lenters)
e Statistical data analysis
 Method Decision Chart
e Performance on PT surveys

— http://westgard.com/hbalc-methods-

partll/print.htm
Westgard QC "+



http://westgard.com/hba1c-methods-part11/print.htm
http://westgard.com/hba1c-methods-part11/print.htm

How good is good enough?
i_.---..h
e Diagnostic criterion is 6.5 %Hb
— 5.7-6.4 gray zone, pre-diabetic

 Treatment criteria of A0.5 %Hb (@7%HDb)
e CAP 2011 PT criterion =7% (8% 2010)

* NGSP criterion for agreement + 0.75 %Hb
e Maximum CV of 3%, desirable CV of 2%

e Maximum bias to prevent misclassification
— 0.1 %Hb at 6.5 %Hb is 1.5% bias

— 0.2 %Hb at 6.5 %Hb is 3.0%
a IS |as tgard QcC x%f



Bruns & Boyd

Eif_e_ct of Bias on Classification
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Fig. 1. Distribution of estimated numbers of persons without a history of diabetes in the US 2000 Census population
(age =20 years) at different Hb A, cutpoints.
Reprinted with permission from Diabetes Care [Selvin et al. (13)].

:
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Precision results

. from Lenters Study

Table 1. EP-5 total CV imprecision results from the different POC instruments.

DCA
In2it Vantage Clover InnovaStar Nycocard Afinion
Patient sample 1 4.9% (5.1%)? 1.8% (5.1%) 4.0% (5.0%) 3.2% (5.2%) 4.8% (4.8%) 2.4% (4.7%)
Patient sample 2 3.3% (11.2%) 3.7% (11.2%) 3.5% (11.9%) 3.9% (11.5%)

5.3% (6.1%)

Nycocard normal control
5.2% (11.6%)

Nycocard abnormal control
1.4% (6.3%)

1.8% (8.2%)

Afinion control Cl
Afinion control ClI

*Hb A, value of the sample/control are in parentheses.

| enters-Westra E, Slingerland RJ. Six of Eight Hemoglobin
Alc Point-of-Care Instruments Do Not Meet the General
Accepted Analvtical Performance Criteria. Clin Chem

2010;56:44-52. WEStgard QC W




Accuracy results - Comparison with

A 125

115

105

Hb A, DCA Vantage (%)
o ~ ® ©

o
tn

=
tn

avg of 3 reference methods

Line of identity (x = y)

= =] ot#1 y=0.97x +0.12, R = 0.98, bias -0.09

= ==Lot#2y=1.03x-0.00, R = 0.99, bias +0.27

7.5 B.5 9.5 105 115 125

Hb A, . mean SRM (%)
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2010; 6 out of 8 HbAlc Devices

BEEE

BEEL..

Method Decision Chart for 10%
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Unfortunately, we are great at Reporting Results

“21.8% of the
laboratories using
different HbAlc
methods are not able
to distinguish an
HbAlc result of
[7.5%] from a
previous HbAlc
result of [7.0%0].”

(but not so good at assuring their quality or efficiency)

DIABETES TECHNOLOGY & THERAFPEUTICS
Volume 13, Mumber 4, 2011

© Mary Ann Liebert, Inc.

DOI: 10.1089/dia.2010.0148

One in Five Laboratories Using Various Hemoglobin A;
Methods Do Not Meet the Criteria for Optimal Diabetes
Care Management

Ema Lenters-Westra, B.Sc.* Cas Weykamp, Ph.D.? Roger K. Schindhelm, M.D_, Ph.D., MEPI]
Carla Siebelder, B.Sc_* Henk J. Bilo, M.D., Ph.0.** and Robbert J. Slingerland, Ph.D., EURCLINCHEM™®

Abstract

Background: We assessed the reference change value (RCV) of currently available hemoglobin Ay, (HbA)
laboratory assays, which is defined as the critical difference between two consecutive HbA, . measurements
representing a significant change in health status.

Methods: We examined the individual laboratory coefficients of variation (CVs) in the Dutch/Belgian quality
scheme based on 24 lyophilized samples and calculated the RCV per laboratory (n =220} and per assay method.
In addition, two pooled whole blood samples were sent to the participating laboratories. The individual labo-
ratory results were compared to the assigned value + an allowable total error (TE.) of 6%.

Results: At HbA,, values of 41.0mmol/mol (5.9% Diabetes Control and Complications Trial [DCCT]) and
61.8 mmol/mol (7.8%-DCCT), 99% and 98%, respectively, of the laboratories reported a value within a TE, limit
of 6%. The analytical CV of the HbA,. method used in 78% of the laboratories is <2.4%. The mean RCV at an
HbA . value of 53 mmol/mol (7.0%-DCCT) for methods of Bio-Rad is 5.9 mmol/mol (0.59%DCCT); for Arkray/
Menarini, 4.3 mmol/mol (043%-DCCT); for Roche, 6.5mmol/mol (0.65%-DCCT); for Tosoh, 3.3 mmol/mol
(0.33%-DCCT); and for other methods, 6.3 mmol /mol (0.63%-DCCT).

Westgard QC




Why can’t we assume every lab test is good?

HEEREE

e |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.”

Reference. Institute of Medicine 2011: Medical Devices
and the Public’s health: the FDA 510(k) Clearance
Process at 35 years, prepublication copy

Westgard QC "2/



Moving beyond Bad and Ugly
HEEENE
If we do the right QC
with the right method,
we can reduce or eliminate

all of those wasteful QC practices

How/Where do we start?

Westgard QC .~/



A S

Where do we go? How do we get there?

Six Sigma Quality System

(1a) Regulatory &
Accreditation Requirements

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

ha

(1b) Clinical and
Medical Applications

(2a) Traceability

>

(2) Select Analytic
Measurement Procedure

(2b) Manufacturer’s

Heference Methods & Material$

A 4

(3) Vvalidate Method
Performance (CV,bias)

“

(3a) Manufacturer’s
Claims

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

(4) Implement Method

(4a) Manufacturer’s

; ‘Installation/Training Services

and Analytic System
A 4

(5) Formulate
“Sigma TQC' Strategy”

i

(5a) Sigma
L(TEa—%ias)/CV]

I—»

12) Improve Analytic QC Plah

(6) Select/Design

“

(6a) Sigma

[CQI, CAPA] SQC (rules, N) QC Selection Tool
L 7Y 2| v
(11) Monitor AQCP Failures (7) Develop : .
[FRACAS] (Quality Indicatory) Analytic QC Plan (7a) Risk Analysis
— A \ 4 \ 4

(10) Measure Quality

& Performance (EQA, PT)

(8) Implement
Analytic QC Plan
A 4

“

(8a) QC Tools

e

(9) Verify Attainment of

Intended Quality of Test Result

Feustgard QC 0




Six Sigma — Our use here
Defines the Shape of the target

=iii-n_
e Defects Per Million (DPM)

e Scaleof0to 6 (Sigma short-term scale)
e 6is world class (3.4 dpm)

* 3 is minimum for any business or
manufacturing process (66,807 dpm)

Westgard QC "~/



igma Metrics of Common Processes, Healthcare and
T Laboratory Processes

Re
.

5.1
5
4.15 4 4.1
- 3.85
34
3
2.3
2
1
D T T T T T T T
Airline Safety Baggage handling Departure Delays Hospital fatal errors  HAl infections Pre-analytical Hemolyzed Control Excee
Sources: Landrigan et al, Temporal Trends in Rates of Patient sample specimens limits_

Harm Resulting from Medical Care. NEJM 2010;363:2124-34.
M Antonia Llopis et al, Quality indicators and specifications for key analytical- est a r 3
extranalytical processess in the clinical laboratory. CCLM 2011;49(3):463-

470.



Six Sigma:
A slightly more technical view

True Value + TEa

-6s should
fit into spec

+6s should
fit into spec

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

Westgard QC .=/



Six Sigma
Outcome of reaching the goal
. Very few defects

e Much less rework, work-arounds, and
wasted effort and resources

e Reduced costs

 Improved performance and profitability:
Efficiency and Effectiveness

Westgard QC "=/



T

EEEEEEC.
SIX Sigma:
Defines the
Shape
of the Target

(now, how Dbig Is the target
and how do we know If we hit it?)




Where do we start? Select a Goal

(1a) Regulatory &
Accreditation Requirements

(1) Define Goals for

Intended Use (TEa, Dint)

(1b) Clinical and
Medical Applications

(2a) Traceability

>

(2) Select Analytic
Measurement Procedure

(2b) Manufacturer’s
eference Methods & Material$

A 4

(3) Vvalidate Method
Performance (CV,bias)

(3a) Manufacturer’s
Claims

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

(4) Implement Method

(4a) Manufacturer’s

; ‘Installation/Training Services

and Analytic System
A 4

(5) Formulate
“Sigma TQC' Strategy”

(5a) Sigma
L(TEa—%ias)/CV]

i

I—»

12) Improve Analytic QC Plah
[CQI, CAPA]

(6) Select/Design
SQC (rules, N)
A 4

(6a) Sigma
QC Selection Tool

“

A

(11) Monitor AQCP Failures (7) Develop : .
[FRACAS] (Quality Indicatory) Analytic QC Plan (7a) Risk Analysis
— A \ 4 \ 4

(10) Measure Quality

& Performance (EQA, PT)

(8) Implement
Analytic QC Plan
A 4

“

(8a) QC Tools

e

(9) Verify Attainment of

Intended Quality of Test Result

Feustgard QC 1)



T

Quality Requirements:

--=-....Where to find them

Total Allowable Errors (TEa)

PT/EQA groups

CLIA

RCPA

Rilibak

Biologic Variation Database
“Ricos Goals”

Your Clinical Decision
Intervals (BEST)
— Evidence-based Guidelines
— Clinical Pathways

Binlogical Dasirakblis
Anabyte Variation specification Guality Requirements
[evw fevg i [Besy [TERS) e p——
[& 11 Descoycortisol 213 [ms Jur Jas  [ara PeGuAR TS
3 1T -Hydrasyprogestencna [196 (564  Jos  [i3s a7 Mirimum Speclicatons
fus & hydrasy-3-methaosamandelats (VU] 22 e na |iBe [na from Beslogical Variation
[= & Huclecodase 3z [ws [ns [16 |8 .
. . Dptirmal Biodogecal Viariaton
:: t‘ Hydrnooopndolacetate, concentration [f; |;3: ;ari- Ez; r;'z Z oty
- 'I-A.r.-cil:-llp:m-lm
l i l ! l Riibak - German Gusdelnes
5 |=1-Anitihymetrypain [135 |®3 |68 |57 |68 o Quality
& [u1-Arrypmin [53 3 1o 3y a2 Biclogical Vassion i
s [t G tatiers [na  Jezs 5T Je3 a7 Patients with Diseasa
- |=1-Microglotuln, concentration, first moming |30 580 [165 16T [d39 LU, Requiremients for
[P [2 Antiptaseran Bz B - |- PRSI ——
5 [a2-Gintwbers CEN CX 2 S Clracal sty
Ribsganrmanii
[ [a2-Maztogioben e |mr T QA [rE
Eurnpean Biolegc Goals
- |2-Microgicbubn putput, frst moming ENETI N N EE
o il dryic wid 7 |2z [1zs [wez [ms i il
2 I for M3 44 T4 JusE Bictogieal Veetion
E |e-Rrmdaan [pancreatic) [nr s sm  fpo  |ur Diaabass iberance has
|_|.-|- |a:.ﬁm:.'|ul [pamcreatic] [390 g4 |1‘i 5 13 |4 RCPA [Australadian) Cualty
- s-duraarse Concentration, random [0  feo Wro @z [war Raqeinimints
[P rcamten [ro 5o [e [m3 |ara sty Recuramects b
[= - Carotene pro o [uo [z [ss A
[5 [Fetoproteinton hepatic carcinema) 2z e [f1 [ne [a9 e ——
s [ ee— (138" [Ee [68 51 [%5

http://www.westgard.com/biodatabasel.htm We Stg a rd QC W



How good does HbA1lc have to be?

.
 CLIA: None given
e Rilibak (Germany) 18%
e NGSP 2013 7%
 CAP PT 2013 6%
e “Ricos Goal” 4.3%
e UK MAPS 6.3-7.0%

Westgard QC .~/



What’s next? Select a Method

(1a) Regulatory &
Accreditation Requirements

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

ha

(1b) Clinical and
Medical Applications

(2a) Traceability

(2) Select Analytic
Measurement Procedure

(2b) Manufacturer’s

Reference Methods & Material$

b

(3) Vvalidate Method
Performance (CV,bias)

“

(3a) Manufacturer’s
Claims

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

(4) Implement Method

“1

(4a) Manufacturer’s
nstallation/Training Services

and Analytic System
A 4

(5) Formulate |' (5a) Sigma
I . “Sigma TQC' Strategy” L(TEa—%ias)/CV]
12) Improve Analytic QC Plah (6) Select/Design (6a) Sigma

[CQI, CAPA]

SQC (rules, N)
A 4

“

QC Selection Tool

A

(11) Monitor AQCP Failures (7) Develop : .
[FRACAS] (Quality Indicatory) Analytic QC Plan (7a) Risk Analysis
— A \ 4 \ 4

(10) Measure Quality

& Performance (EQA, PT)

(8) Implement

“

(8a) QC Tools

Analytic QC Plan
A 4

e

(9) Verify Attainment of

Intended Quality of Test Result

Frustgard QC 2



- What method to select?

e

BREs.
.

.

EEEE.

Clin. Lab 2012:38:1171-1077
Clopyright

ORIGINAL ARTICLE

Evaluation of Three Turbidimetric Assays for Automated
Determination of Hemoglobin Ale

AMANDINE BARROT |, ANNE MARIE DUPUY ', STEPHANIE Elmumu i
ANNE SOPHIE BARGNOUX ', JEAM PAUL CRISTOL

! eparteert of Biochemisry., Lapeyronie Hagiral, Momipailier, Ercmee

SUMMARY

Background: To compare the results of HhAle determination ohiained through immunoassays versus the HPLC
method carrently used routinely in our laboratory.

Merhods: We evalunied immunoturbidimetric assays for the HbAle measure on three analyzers, specifically the
Hoche Cobas Integra 400+® (Roche Dingnastles, Indiamapolis, 1N, USA), Ortha Clinical Diagnostics Vitras 5.1
FS® (Ortha Clinical Diagnostics, §Y, USA), and Siemens Dimension RaL® (Siemens Healtheare DHagnosties, NY,
USA], in comparison with the HPLC Menarin HA 81408 (Menarini Disgnostics, Rungls, France) earrently uged
in pur lnboratory.

Resulis: Analytical performances including precision, analytical range, recavery, Carrpaver, erythrosedimentation
snd comparizon studies were acorpiable leading to results with a level of exaciitude in accordance with the recom-
mendations af the National Glycobemoglobin Standardization Program (NGSP).

Conclusions: The three immunoassays tested can be used interchangeally and will e satisfactory for laboratories
whe cannot invest in a HPLC analyzer.

(Clin, Lab, 2012;58:1171-1177, DOI: 10.7754/Cln Lab 200 2.111222)

KEY WDRDS {HPLC) systemn used in the DCCT Central Laboratory

23 o reference method, was 321 up. Finally, m 2001 the

Hemoglogin Ale, immumodssay, chromatography, tr- [FOC (Imernational Federation of Clinkal Chemists)
bidimestry ctnndard appearcd, based on the HPLC/mass spectro-

photometry of the HPLC/capillary electrophoresis, In
these methods, an endoprotease ermymabically cleaves
INTRODUCTION the M-terminal hexapeptides from the HbA bots chairs,

Westgard QC " "



Where do we go? How do we get there?

T Six Sigma Quality System

(1a) Regulatory & ‘ > (1) Define Goals for ‘ | | (1b) Clinical and

Accreditation Requirements Intended Use (TEa, Dint) Medical Applications

(2a) Traceability ‘ | (2) Select Analytic ‘ | | (2b) Manufacturer’s

Measurement Procedure eference Methods & Material$

(3) Validate Method (3a) Manufacturer’s
Performance (CV,bias) Claims

(4b) Pre-analytic and (4) Implement Method (4a) Manufacturer’s
Post-analytic Requirements and Analytic System Installation/Training Services
A 4

(5) Formulate I‘_ (5a) Sigma
I . “Sigma TQC' Strategy” L(TEa—%ias)/CV]

(L2) Improve Analytic QC Plah (6) Select/Design (6a) Sigma

[CQI, CAPA] SQC (rules, N) QC Selection Tool
L i 2| v

(11) Monitor AQCP Failures (7) Develop : .

[FRACAS] (Quality Indicatory) Analytic QC Plan (72) Risk Analysis
— A \ 4 \ 4

(10) Measure Quality (8) Implement
& Performance (EQA, PT) Analyti%QC Plan (8a) QC Tools

(9) Verify Attainment of
Intended Quality of Test Result tg a rd QC



Three keys to Assess Quality

BEEEE..
[ -

BEEL..

@éigma-metrics (shape of target)
@Quality Requirements (size of target)

e Method Performance Data

Westgard QC .




How do we measure (Six) Sigma performance

1T (the arrow)?
EEEEE

Measure Variation

— Can we measure imprecision (CV)?

— Can we measure inaccuracy (bias)?

Westgard QC



Sigma metric equation for analytical process
performance

.
Sigma-metric = (TE, — Bias)/CV

- TEa + TEa
Bias .
)
= .
| /0
s| / cv:
- - defects
_ .

-6S -bs -45 -35 -25 -1s 0Os 1s 2s 3s 4s b5s 6s

Westgard QC .=/



Example Sigma-metric Calculation

i----..__
HEEEERLSL

» 2 HbA1c POC devices,
data from 2011 CCLM study
» CAP PT criterion for acceptability = 7%
» Total Precision (CV): 2.66%
» Biasat5.17 mmol/L: 2.7%

» Sigma = (7-2.7) / 2.66
=4.34 /2.66
= 1.6

http://www.westgard.com/2012-3-poc-hbalc.htm Q O
Westgard QC



Display of Sigma-metrics:

i----..__
HEEEERLSL

Method Decision Chart for 10%
10
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Observed Imprecision, CV
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Free download at http://www.westgard.com/downloads/ Weslt g a rd QC 44
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Between-run CV at Between-run CV at Estimated CV at
5.7 % HbA1c 7.1% HbA1c 6.5% HbA1c

C

Clin. L. 2002480 1711177

ORIGINAL ARTICLE

Evaluation of Three Turbidimetric Assays for Automated
Determination of Hemoglobin Ale

AMANDINE BARROT |, ANNE MARIE DUPUY ', STEPHANIE BADIOU ',
ANNE SOPHIE BARGNOUX ', JEAN PAUL CRISTOL '

[P —— e

SUMMARY

Backgroumd: To compare (he results of HbALe determination obtained through immunoassays versus the HPLC

method currently used routinely in our labvratory.

Methods: We evaluaied immunoturbidimetric assays for the HbAle measure on three aalyzers, specifically the

Rache Cobas Infcgra 400+E (Roche Disgaastics, [ndiamapolis, IN, USA), Ortha Clinieal Diagnostics Vitros 5.1

¥SB (Ortho Clisical Digasstics, NY, USA), and Siemens Dimension RiL® (Siemens Heaithcare Diagnastics, NY,

USA), in comparison with the HPLC Menarini FLA 81408 (Menarini Disgoostics, Rungis, France) eurrently used

i our laboratory.

Resulss: Analytical performances including precision, analytical range, recovery, carryover, erythrosedimentation

and camparison studies were accepiable leading 1o results with a level of exactitude in necordance with the recom-
jions of the Program (NGSF).

Eonclusions: The three immiunaassays vested can be used and will y for

whe cannot invest in & HPLC an:

(€lin, Lab, 1012:58:1171-1177, DO}

v
= 10.7754/Clin Lab.2012.111222)

KEY WORDS (HPLC) systesn used in the DCCT Central Laboratory

as i reference method, was set up. Finally, in 2001 the

in Ale, i tur- [FOC (Intemational Federation of Clinkal Chemisis)
dnndard asnearad hacad on e HPLC/mass specivo=

1.5 0.6 1.05

2.18 1.25 1.715

1.21 1.01 1.11

Westgard QC "2



‘Where can we find bias data?

| [T

[ [ [ [

College of American Pathologists (CAP) GH2 Survey Data:
{updated 5/13)

The Amencan Dhnbetes Association (ADA) recomanends that Iabosatories use cnly HbAlc assay methods that have been
NGEP cartified and report results as “2eHbALS”, The ADA also reconumnends that all laboratones performang HbaAle
testing partscipate in the College of Amenican Pailwlogists (CAP) fresh sample proficiency tesiing survey (see ADA
Beconimendations sechion on this website for more detuls). CAP GH2 data for the Orsi survey of 2013 are summanezed

below. Tle NGSP target or reference vahses are based on replicate analyses using seven NGSP certified secondary
reference methods

2013 GH2-A (Tresh pooled samples)
GEH2.01 GHI02
"NGSP *HbALe Reference Value (#5% CT) 100 {705 F, 1T 037 [(0.26-9.38)

GHI-0M
6,07 (6.-00-6.13)

Eitk. Alenm Slean ; Mean Slean Slean Aeam L]

labs @ 2cHbLAL: | Dbias Al TeHbALe beda aHbAle bias | OV

" Abbort Archiveot ¢ Syvviem T8 .21 . 10 ; 2.53 0.21 &.10 Q.03 | 3.2

* Axie-Skield Afinion 24 T4 003 i 502 =.30 611 0.0 |
= Baver AleXOW* 16 6.37 -0.74 ! 827 =1.05 £40 eT | 7.3
* Beckmam AL svsiems 3T 5.92 =015 i 8918 =016 5.5 .18 | 5.0

* Bechman Synchroa LY Svitems 10 6.9 -0.210 H a1 0.0% 625 022 | B2

* Berkmman UniCel DaC Svuchrom 233 T.01 -0.10 H 9.45 0.13 E.DE 0001 | 4.2Z
| * Beckman UniCel Dal Synchrem (orig) | 143 946 | 0.14 _605 | 002 | 42
* Bia-Rad I-18 10 941 0.0% E.14 0.a7 26
* Hm-Bad YVaras Il I = 537 0,05 R Tl i -1]'.11]_. 2.F
= Bia-Rad Variast I Turha | 152 TAE | oo5 |2l 9.4 3 011 " B0E | 4002 | 26|
1 ° Bi-FadYarrast 11 Tuslg 20 fi 0 &.11 .54 TE

Westgard QC .=/



‘Where can we find bias data?

BEEE. .
HRRER.

Blas at Blas at Blas at
m

0.98 1.32 1.15

B -2.67 -3.95 -3.31

C 0.84 4.28 2.56

Westgard QC "/



h,a:c are the Sigma-metrics at 6.57?

.
Illllllh.

Tl Al il
1.05
B 1.715 3.31 2.15
C 1.11 2.56 4.0

»Sigma =(7-3.31) /1.715
=3.69/1.715
=2.15

Westgard QC .+



2012: 3 Automated HbA1lc Methods

HEEEERL

Observed Inaccuracy, % Bias

i

6.3

5.6

4.9

4.2

3.5

2.8

2.1

1.4

0.7

Method Decision Chart 7.0% TEa HbA1c methods
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A
World Class @ 2
S 2 A
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Observed Imprecision, % CV
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Where do we go? How do we get there?

T Six Sigma Quality System

(1a) Regulatory & ‘ > (1) Define Goals for ‘ | | (1b) Clinical and

Accreditation Requirements Intended Use (TEa, Dint) Medical Applications

(2a) Traceability ‘ | (2) Select Analytic ‘ | | (2b) Manufacturer’s

Measurement Procedure eference Methods & Material$

\ 4
(3) Vvalidate Method (3a) Manufacturer’s
Performance (CV,bias) Claims

(4b) Pre-analytic and (4) Implement Method (4a) Manufacturer’s
Post-analytic Requirements and Analytic System Installation/Training Services

(5) Formulate (5a) Sigma
“Sigma TQC Strategy” L(TEa—%ias)/CV]
(L2) Improve Analytic QC Plah (6) Select/Design (6a) Sigma
[CQI, CAPA] SQC (rules, N) QC Selection Tool
L i 2|
(11) Monitor AQCP Failures (7) Develop : .
[FRACAS] (Quality Indicatory) Analytic QC Plan (72) Risk Analysis
— A \ 4 \ 4
(10) Measure Quality (8) Implement
& Performance (EQA, PT) Analyti%QC Plan (8a) QC Tools

(9) Verify Attainment of
Intended Quality of Test Result tg a rd QC



. Three keys to Assess Quality
|-

BEEEEEEL
@Sigma-metrics (shape of target)

@Quality Requirements (size of target)

@Method Performance Data (arrow)

Now what do we do? The Right QC

Westgard QC



Operating Specifications (OPSpecs) chart:

L. H 171 QC 1
E....__ Optimizing QC Design
EREEEL
1000 NORMALIZED OPSpecs Chart TE,=100.00% with 90% AQA(SE) Ns of 2
90.0
g‘mﬂﬂ-ﬂ L\:: P, N R
o |
270.0 \ 1
£ LN 23S
3 Q’i\ % 0.03 2 1
S 60.0 XN S 1,02, IR
> %\‘*‘::\ % 3s72s 4s
8 50.0 M‘ 5. 0.01 2 1
3 \‘*\H %, 13s
8 40.0 ‘x\“:\-\ %, 0.00 2 1
- \ W o :
3 30.0 N\ 28 -
s H\'"\\w‘ﬁ“ 0.00 2 1
2 200 "x\\\':;x Yo
< NN 0.00 11
10.0 \ \\:‘\3:1\ 145
XA
00 \}k N 0.00 2 1
0.0 10.0 20.0 30.0 40.0 50.0
Allowable Imprecision {smea 5%1

Free download at http://www.westgard.com/downloads/
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OPSpecs HbAlc methods

-
[ .
-1 OPSpecs Chart TEa=7.00% with 90% AQA(SE) P N R
1 38/228/R4S/41 S/8X
6.0 0.08 8 1
S T35"%05as"1s5
> 0.03 4 2
5.0
g 13s"22sMas1s
©
5 0.03 4 1
3‘ 4.0 138 B
o 0.01 4 1
3 1
o 30 25
®
e 0.03 2 1
% 133/2_23 ) B
g 20 0.01 2 1
o
= 13s%psMas
10 0.01 2 1
13s R
0.00 2 1
0.0
0.0 3.0

%)

Allowable Imprecision (s
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Review of essential Six Sigma tools!

- How prepare Method Decision Chart?
HEEEEE

 Define Allowable Total Error
— HbA1lc =7.0% (2012 CAP TEa criterion)
e Scale graph
— Y-axis from 0 to TEa
— X-axis from 0 to TEa/2
 Draw lines for TE criteria
— TE = Bias + M*SD
If SD=0, then y-intercept = TE; If Bias=0, then x-

intercept = TE/
e Westgard QC .2/



How prepare Method Decision Chart?
HbAlc: CAP TEa=7.0%

BEEEEE
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Normalized Method Decision and
Operating Specifications Charts

i_.---..h
e Scale y-axis 0 to 100%

— Calculate y-coordinate as Bias/TE
e Scale x-axis 0 to 50%

— Calculate x-coordinate as CV/TEa

e HbAlc example
— Bias=2.56%, CV=1.11%
— Y-coordinate would be 2.56/7.0 or 37%
— X-coordinate would be 1.11/7.0 or 16%

Westgard QC "~/



--h._

Normalized Chart of Operating

Allowable inaccuracy (100*%bias/%TEa)
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Proficiency Assessment

-

CAP 2012 GH2-05 8.30%Hb
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Six Sigma Quality System
T Getting Started!

(1a) Regulatory & (1) Define Goals for (1b) Clinical and

Accreditation Requirements w9t Se (TEa, Dinb) Medical Applications
I B VS |

(2)4 Y (2b) Manufacturer’s
Measurement Procedure Reference Methods & Material$

(2a) Traceability

.7 5 35 7 5 7 7 ;B J § |
(3) Validate Method (3a) Manufacturer’s
Pe. ... (CV,bias) Claims

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

(4a) Manufacturer’s
Installation/Training Services

\--'ﬁ--/

/ (5) Formulate (5a) Sigma \
l ' “Sigma TQC Strategy” L(TEa—%ias)/CV] ‘
: (L2) Improve Analytic QC PI ' (6) Select/Design (6a) Sigma :
i [CQI, CAPA] ' SQC (rules, N) QC Selection Tool I

L i 2|
I I I
I = I
I - [
(10) Measure Quality (8) Implement

I & Performance (EQA, PT) ' Analytic QC Plan (8a) QC Tools |
I f A 4 I
\ (9) Verify Attainment of '
\

~--------’

N ntended Quality of Test Resultg
------Jnrestgard-GE-



What would be the benefits?

. Better efficiency, lower cost

4 )

Cost of
- Quality
\ J
|
I >, ' I "
4 I N 4 N
Cost of Good Cost of Poor
- Quality - Quality
\ J \ J
| |
I ™ P I Y P I Y P I \
4 I N 4 N 4 N\ 4 N
Appraisal Prevention Internal External
Costs Costs Failure Costs Failure Costs
] ] ]
\ J \ J

Westgard QC




Implications of Sigma-metric analysis:

e Quality Control
HEEEEELL

e Dramatic impact of world class performance

— Less QC Effort Needed?

— Fewer, maybe NO, repeated controls

— Fewer Service Visits or Tech Support Calls

— Fewer recalibrations, trouble-shooting episodes
— Better compliance for PT, EQA, etc.

Westgard QC



- How do the savings manifest themselves?

.
EREERL. .

2011 Leeds Health system
*O chemistry analyzers Original Article
7 Iimmunoassay analyzers

/1 analytes The implementation of a system for managing analytical quality
in networked laboratories

50% reduction in recals

Nuthar Jassam', Chris Lindsay?, Kevin Harrison!, Douglas Thompson!, Mike P Bosomworth?
and Julian H Barth!

70% Of analytes 4_6 S|gma Dapartment of Clinical Biochemistry, Leads Ganaral Infirmary, Leeds LS1 3EX; “Siemens Hazlthcare Diagnostics, Sir Wiliam Siemeans

Squara, Sumay, LK
Caorresponding author: Mrs Muthar Jassam. Email: nuthar jassami@hdtf.nhsuk

Abstract
Background: In a network of laboratories analytical variability between instruments, even of the same type, may axist for
reasons beyond the cortrol of laboratory staff. Controlling varability is a prerequisite for the application of shared reference

50 46 ranges and for ensuring the transferability of patient test results. Gontrolling variability requires a robust, non-conventio ral
45 quality system to detect poor pedormance of analysers that are geographically distant. Essential to this quality system is a set
0 Mred:§ o Optimal,8 of well-defined quality specifications.
||~ Methods: The approach used in our study started with (1) selection of a model for quality specifications based on biclogical
%7 M'"LTa" variation; the ‘three-level medal [TLM) was selected on the basis of its flaxibility to accommodate vadous levels of analytical
5% P performance; (2) determination of the performance characteristics of the 71 analytes measured in core biochemistry in terms
S 25 of imprecision and bias; (3) defining quality requirements in the form of imprecision, bias and total eror for 71 analytes
T g " measured routinely in core biochemistry; and (4) developing software to assist a consistent wide application of the quality
15 specifications and to monitor analtical indices to the common quality specifications.
N R Results: In this paper we describe how we have implemented this model across our network. Forty-six of the 71 aralytes in
our core laboratory reperoire were allocated to the TLM. We were able to demonstrate equivalence of results on all analysers,
® . for 42 out of 46 analytes allocated to this model.
[0}

Conclusions: We propose that other networked laboratories should investigate the suitability of this quality system for use in
their netw ork.

Biological variation Pharmacokinetics Expert opinion

Ann Chin Biochem 2011; 48: 136-146. DOI: 10.1258/ach.2010.010005




How do the savings manifest themselves?

L .
- - Level 1 Level 2
2 hospitals in QC applied QC applied
- Anabte 250 g3 Total Qcs! differencel] 250 g3 Total QC s difference
Netherlands: ALAT 42 1 400 41 93 : 404 88
. GGT i 0 395 i i 1 408 5
Implementing 2006 onward Triglycerids 21 1 408 20 20 0 407 20
|Irea 1 i] 411 1 11 g 413 11
[Total bilirubin 0 0 417 0 70 1 418 69
[Total ats] 193
. Courted for one analyser
5 tests simulated effect:
. . Lnnecessary reruns 261
2 SD = 270 reJeCt|OnS Average minutesirerun 10
. ) . Totaltime (minutes) 2610
Redesign = 9 rejections e 44 nours
0s
Salary'hour £ 19,96
Salary cods £ 868, 26
i £ ” Average pricefte g £ 250
Reduction of 261 “repeats Average pricel ¢ w2
Total costs € 1520,76
Reduction in control mtls For 4 analysers -
Savings on qo-material £ 15100,00
Totalsavings £ 2118304
Est. €21 ) 183.04 savi ngs As the savings are calculate d over only 5 analytes the real savings will be even higher.

http://www.westgard.com/saving-with-six-sigma.htm
estgar ;



do the savings manifest themselves?

.
.
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Six Sigma Metrics
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e 2012 AACC poster, Sunway Medical Centre, Thailand
e Reduced use of QC and calibrator material by 38% (2011)
e Savings of over $19,000 USD in 2010 and 2011 (failure costs reduced)
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. .Elgma-metrlc Quality System

Dr. Joseph Litten,
Industry Workshop
Applications of Sigma-metrics

Estimated Sigma-metrics of
prospective vendors using
vendor data and CAP surveys

Calculated actual Sigma- ‘anlley Heal th

metrics of analytes Winchester
30 sh y
(30 shown) Medical Center
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Summary of Sigma Metric Estimations —

30 Chemistry Tests using CLIA goals
EREEEL.

Sigma Metric

Vendor >6.0 5.0 4.0 3.0 <3.0
Vendor 1 53% 20% 13% 13% 0%
Vendor 2 45% 14% 17% 10% 14%
Vendor 3 23% 30% 17% 27% 3%
Vendor 4 30% 13% 13% 30% 13%
Vendor 5 50% 0% 17% 20% 13%
Vendor 6 30% 13% 20% 20% 17%
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Valley Health MEDXx

Method Decision Chart (Normalized) - Valley Health
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OPSpecs: Valley Health
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OPSpecs: Valley Health
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Savings from Changes in Quality Control Program

i----..__
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— Reagent and Supplies

e Approximately 45% savings in reagents and supplies
for running controls

— Chemistry: $8,000 savings
— Cardiac Markers: $55,000 savings
— Control Material Savings
e Approximately 45% savings in control material
— Approximately $10,000 annual savings
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Savings from Changes in Quality Control Program
[T

|| S
Labor Savings

. IIf

— Savings from running QC q12 hour versus g8 hour
e ~511,000 per year (1 hour per day) 0.175 FTE
— Less investigation of QC failures
e Over 40% fewer QC failures to investigate




Conclusion:

i----..__
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 High Quality is a Triple Win!
— Easier for the lab
— Cheaper for the health system
— Better for the patients

e Assess and Assure with Sigma metrics, MEDx charts
so you have the right method/instrument

e Optimize QC and performance with OPSpecs charts
so you have the right QC

Westgard QC
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