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i Goals of this presentation

[ |-
* The Ugly What’s the typical QCin labs?

* 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?

* Tools for Assessment, Assurance and Optimization
— Sigma-metric Equation
— Method Decision Chart
— OPSpecs Chart
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How do labs really perform QC?

I

L.
A 2011 survey of IQC of 86 labs in the UK

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

e Special thanks to David Housley
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- What rules do labs use?

HEER. .
.--..‘k If you do use multirules (eg Westgard rules), do you

apply the same rules to all analytes, or do you use

P 89 ] 5% u S e th e S a m e QC mel::tD:Od(::eacli::e) specific rules? 57 responses
procedure for all analytes

* 55.3% use single 2 SD rules

Do you use single 2SD rules?
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T —

—E:.-What control limits do labs use?

EEEEE.
* 56% use manufacturer derived ranges?

Are control limits set using manufacturer

derived ranges to set control
limits

* 81.3% use peer group or EQA
data to set control limits
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.=====i. Out-of-control QC: Do you respond
-

by repeating the control?

E:.._ How do labs trouble-shoot?

¢ 82.6% repeat the control
on failed QC flag

° 849% run a hew control Out-of-control QC: Do you respond

by re-running with new control?

 93.7% re-calibrate, then

Out-of-control QC: Do you

Fre-run t h e con t o I re-calibrate, then re-run control?

QC \ A/



How often are labs letting errors

A
HEEERL .
HEEEERL .

out the door?

 How often is out of control (non-ideal) 1QC
accepted (eg in order to ensure work is

completed) ? 84 labs

Daily
Weekly
Monthly
Rarely
Never
Other

46
22
4

How often do you override QC flags?
(o}

1 in 6 labs regularly
ignore QC outliers
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Is “Quality Compliance” the

- problem, rather than the cure?

 We’re doing the right thing wrong

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

— Trapping Cash
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When you use the manufacturer recommended

ii=ii"“ SD, problems aren’t as obvious
HEREER.

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

Control 2 Values

Control 1 Values
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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 consequence
i = 1 Autoimmune thyroid Diagnostic  ATG i >3000 404 Repeat testing None
-.- [T disease on carbimazole work-up ATPO i >1000 876 TSH: <0.02 miwl
|| - =
L 2 Syncope Diagnostic ATG 1 69 <20 None None
- - work-up ATPO i 691 150 TSH: 6.90 miw
C||n|ca| Free T4: 16.6 pmol/l
3 Partial empty sella Disease IGF-1 ng/ml 1509 55 Repeat testing Repeat testing
consequences of kg
4 Pituitary micoadenoma Disease GH pg/l 385 2.09 MRI imaging for suspected GH seaeting Repeat testing
monitoring IGF-1 ng/ml 614 130 adenoma
e r ro n eo u S 5 Automimmune thyroid Disease ATG 1] 96 <20 Erroneous results not seen by physician  None
disease monitoring ATPO il 277 13
I a bo ra to ry 6 Vitreous haemomrhage Diagnostic ATG i 92 <20 None None
work-up ATPO i 37 <10 TSH: 0.86 miw/
results that went Free T4: 16.8 pmol/
u n n oti Ced fo r 1 0 7 Hypoadrenalism Diagnastic ACTH pmoll  41.1 2.1 Misdiagnosis as primary hypoadrenalism  Adrenal CT-scan
ordered
8 Congenital adrenal Disease ACTH pmoll 102 36.6 Misdiagnosis of poor compliance to None
d a ys hyperplasia monitoring glucocorticoids
. . 9 Hypothyroidism on Diagnostic ATG i 126 23 Misdiagnasis of Hashimoto's disease None
Tse Pi ng Loh p Lennie Chua L-thyroxine replacement  work-up ATPO (1] 366 <10 and need for repeat testing
. . TSH 0.05 miu/I
Lee, Sunil Kumar Sethi et al. Free T4: 18.4 pmoll
J Clin Pathol March 2013, Vol 10 Graw's disease Diagnostic  ATG uA 300 <20 None None
work-up ATPO i >1000 49 TSH: <0.02 miwl
166, NO-3 260_261 Free T4: 12.7 pmoliL
11 Automimmune thyroid Disease ATPO /1 >1000 191 None None
disease monitoring
12 Hypoglycaemia for Diagnostic GH pall 395 2.16 Misdiagnosis of acomegaly None
« 1 test error investigation IGF-1 ngiml 765 178
Repeat pall 6.82 0.97
testing ng/ml 783 180
GH
1 IGF-1
°
5 te Sts I n e rro r 13 Metastatic thyroid cancer  Disease ATG i 97 <20 None None
monitoring
14 Thyroid cancer, Disease ATG 1] >3000 28 Misdiagnosis of cancer recumence, need  None
. post-surgical removal monitoring for further laboratory and imaging
* 63 results in error s
15  Thyroid cancer, Disease ATG i 140 <20 Misdiagnosis of cancer recumrence, 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 (reference internval: 0.0-102 pmol), ATG, anti-thyroglobulin antibodies (negative if <40 |UA), ATPO, anti-thyroid peroxidase antibodies (negative if
<50 1U/), GH, growth hormone (male <3.00 pg/l female <8.00 pa/l), IGF1, insulin-like growth factor-1 (87-238 ngiml), free T4, free thyroxine (10.0-23.0 pmold), TSH, thysotropin,
(0.45-4.50 miuA).



Would the right QC have caught

.---L

T the error?

HEEEEERL
* 49 patients affected (IGF, ATG, ATPO, GH, ACTH)

— 4 procedures ordered erroneously (including a CT Scan)

— 7 patients ordered for retesting
— 6 misdiagnoses

Control 1 Values Control 2 Values

— ~o 8
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Turns out, bad QC in one lab wasn’t

i.---.._
HEEEEL .

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 _

the only problem...

Clinical Chemistry 39:8
1187-1194 (2013

Laboratory Management

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

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

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

meTHODS: For the period October 2007 through July
2012, we reviewed lot 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, Charlottesville,
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 lot of reagents at the 2 institutions,

risuLys: Lot-to-lot validation studies identified no re-
agent lot 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
IGF-1 results during the period. The frequency of in-

allow rapid identification of between-lot result
INCONSISIENCY.

© 2013 American Association for Clinical Chemistry

Maintenance 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 (7). Power calculations suggest
that, for most assays, this approach should detect a shift
in slope or intercept of 10% with 90% likelihood, if
2030 samples are tested, provided the analytical range
is not too narrow (2, 3 ). Each such assessment should
also be compared to previous lot-to-lot evaluations to de-
tect long-term trends. Finally, a comparison of QC values
before and after a lot change, as well as external quality
assurance data, might provide further data on equiva-
Losnom. P N - pnn A anann

PRI S O iy T

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

)
I ) e

.
* The Ugly: Are we doing the right QC?

 The Bad: Are our assays fit for purpose?

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

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

— OPSpecs Chart WEStga rd 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: 56:1
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'-?

BackGrounD: 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, POCinstru-
ments (In2it from Bio-Rad, DCA Vantage from
Siemens, Afinion and Nycocard from Axis-Shield,
Clover from Infopia, InnovaStar from DiaSys,
A1CNow 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-
ses with 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
anal)'tlcal performance of POC 1nstruments that

T 1~
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In the Real World!
- HbAlc— A case study

* 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 "2/



III

“A Teaching Moment

.

* Real World Learning

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

— http://westgard.com/hbalc-methods-partl1l/

print.htm
Westgard QC "~/




How good is good enough?
i_...-.;,
* 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%

 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% ieagstgard Qc Xﬂf
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U.S. Population (95% Cl) in millions
2 3 4 5 6

1

o -

Bruns & Boyd

ﬁiﬁiect of Bias on Classification

7.1

>60 >61 >62 >63 >64 >65 >66 >67 >68 >69 27.0
HbA1c (%) Cutpoints

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
B 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%)
Nycocard normal control 5.3% (6.1%)
Nycocard abnormal control 5.2% (11.6%)
Afinion control Cl 1.4% (6.3%)
Afinion control ClI 1.8% (8.2%)
*Hb A, value of the sample/control are in parentheses.

L enters-Westra E, Slingerland R]. Six of Eight
Hemoglobin Alc Point-of-Care Instruments Do Not Meet
the General Accepted Analytical Performance Criteria.

Clin Chem 2010;56:44-52. W
estgard QC "=/




Accuracy results - Comparison with
-avg of 3 reference methods

BRREEE

A 125

115

105

Hb A, . DCA Vantage (%)
o ~ © ©
(&) (&,] o (&)

o
3

»
2]

L d

*
*

3,8"‘/1:1
7

Line of identity (x = y)

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

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

4.5

75 85 9.5 105 15 125
Hb A . mean SRM (%)
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i

N

Method Decision Chart for 10%

d
¢
o f
G
R
%
cl
a
)
World Class  \& \/& % '%D
e\ \ % O
¢ S X,
1 T2 3

Observed Imprecision, CV

Westgar

- 2010: 6 out of 8 HbA1lc Devices

dacw



Unfortunately, we are great at Reporting Results
.iii.n (but not so good at assuring their quality or efficiency)

R

DIABETES TECHNOLOGY & THERAPEUTICS
Volume 13, Number 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

“21.8% of the

Ema Lenters-Westra, B.Sc.? Cas Weykamp, Ph.D.? Roger K. Schindhelm, M.D_, Ph.D., MEPI!

laboratories usin g Carla Siebelder, B.Sc.? Henk J. Bilo, M.D., Ph.D.%5 and Robbert J. Slingerland, Ph.D., EURCLINCHEM'
different HbA1lc
methods are not able Absirac
. . . Background: We assessed the reference change value (RCV) of currently available hemoglobin Ay (HbA,.)
to d |St| N g ul S h a N laboratory assays, which is defined as the critical difference between two consecutive HbA;. measurements
representing a significant change in health status.
H b A 1 C reS u It Of 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.
[ 7 5 0/0 ] f ro m a 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
p reVI 0 U S H bA 1 C 61.8 mmol/mol (7.8%-DCCT), 99% and 98%, respectively, of the laboratories reported a value within a TE, limit
0 Y7 of 6%. The analytical CV of the HbA, . method used in 78% of the laboratories is <2.4%. The mean RCV at an
resu |t Of [ /. O o ] . 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 "2/



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

* 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 "+ /



Moving beyond Bad and Ugly

.
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 "~/



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)

(1b) Clinical and
Medical Applications

(2a) Traceability

>

(2) Select Analytic
Measurement Procedure

(2b) Manufacturer’s

Heference Methods & Material$

A 4

(3) Validate Method
Performance (CV,bias)

(3a) Manufacturer’s
Claims

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

(4) Implement Method

(4a) Manufacturer’s

I ‘Installation/Training Services

and Analytic System
A 4

I—»

(5) Formulate
"Sigma TQ%Strategy”

(5a) Sigma
[(TEa-%i'as)/CV]

i

(|12) Improve Analytic QC Plap
[CQI, CAPA]

(6) Select/Design

(6a) Sigma
QC Selection Tool

“

A

SQC (rules, N)
A 4

(11) Monitor AQCP Failures
FRACAS] (Quality Indicatorg)

(7) Develop

(7a) Risk Analysis

N

A

Analytic QC Plan
\ 4

\ 4

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

(8) Implement
Analytic QC Plan

“

(8a) QC Tools

A 4

e

(9) Verify Attainment of

Intended Quality of Test Result

Fewstgard QC o/



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

I

..
* Defects Per Million (DPM)

* Scaleof Oto 6 (Sigma short-term scale)
* 6isworldclass (3.4 dpm)

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

Westgard QC "~/



||

a Metrics of Common Processes, Healthcare and
T Laboratory Processes

-
BER.

5.1
4.15 A 4.1
3.85
3.4
2.3 I
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 limit
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

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 -5s -4s -3s -2s -1s 0s 1s 2s 3s 4s 5s 6s

Westgard QC "~/



Six Sigma

EEEi Outcome of reaching the goal
| -,

* Very few defects

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

e Reduced costs

* Improved performance and profitability:
Efficiency and Effectiveness

Westgard QC "=/
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BEEEEL .

BEEEEEEL

Six Sigma:
Defines the
Shape

of the Target

(now, how big is the target
and how do we know if we hit it?)

Westgard QC "+ /



.

BREEEL.

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

Where do we start? Select a Goal

(1a) Regulatory &

(1b) Clinical and
Medical Applications

(2a) Traceability

>

(2) Select Analytic
Measurement Procedure

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

A 4

(3) Validate Method
Performance (CV,bias)

(3a) Manufacturer’s
Claims

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

(4) Implement Method

(4a) Manufacturer’s

I ‘Installation/Training Services

and Analytic System
A 4

r—————»

(5) Formulate
"Sigma TQ%Strategy”

(5a) Sigma
[(TEa-%i'as)/CV]

i

(|12) Improve Analytic QC Plap
[CQI, CAPA]

(6) Select/Design

(6a) Sigma
QC Selection Tool

“

A

SQC (rules, N)
A 4

(11) Monitor AQCP Failures
FRACAS] (Quality Indicatorg)

(7) Develop

(7a) Risk Analysis

N

A

Analytic QC Plan
\ 4

\ 4

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

(8) Implement
Analytic QC Plan

“

(8a) QC Tools

A 4

e

(9) Verify Attainment of

Intended Quality of Test Result
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~ Quality Requirements:
EE=EWhere to find them

Total Allowable Errors (TEa)

Biological | Desirable
‘ Anatyte Variation specification Quality Requirements
*PT/EQA groups [ (Vg (B0 [TE | psram s cumity
[s. 11.Descxycortisol 212 [ns o7 fes  [ars requremants
.CLI A |s. 17 Hydroxyprogestercne [1as  |s04 o8  [135 [207 Misimum Specications
fu- 4-hydroxy-3-methoximandelate (VMA) [22 [or0 (1 [130 [33 from Beological Variaticn
s § Nuclectdase 32 [9s [ne |16 |[%8 T
*RCPA 3 § Hydroxyndolacetate. concentrabon 03 [32 [0z [o7 [%5 s ass s on
|s- |21.Acxs Gaycoprotesn (13 Jus |57 |68 [162 _— -G::m i
*Rilibak [ [ramchymetrypsn [135 [®3 [68 |[57 |[w%s8 4 ity
(S' l‘"MW [5 9 [16 3 [3 0 I“ 3 I9 2 Biclogical Vanation in
i i iah S |at-Globukes [hs  [26 [s7 [63 |57 Patients wih Disease
*Biologic Variation Database i i e e e e | ckmn
1. ”»” (p_ Antiplasenin [6 2 [.__ [3 1 ['_ = Anadytical Qualty
RICOS Goals [s- Globckas o3 27 [s2 f1 |12 g::;z:v
. . .. s -Maceogiobun 34 a7 [ur s |16 )
*Your Clinical Decision Intervals [ [Giepon o immnm (56 (26 [us (es [ur | oSG
(- |=-amincbutrysc ackd a7 |23 |24 |02 [305 g’:ff;:' ,\::,"m"’c"“
(BEST) s l-Amytase o7 [83 4 [ra [ue B ki
. . . [s. Is-Amvyiase (pancreatic) [" 7 299 59 80 7 Da:;cso teference kst
— Evidence-based Guidelines B Jicham Gty [Bo [Ba (95 [z15 |50 RCPA (Austratasian) Qualky
A U- |-Amytase concentration, random 4.0 o 7o [®2 [1037 Reguarements
— Clinical Pathways {,,, s {m EZ., 120 (173 71 | Gualty Requremerts for
[s [rcamtens [i50 [es0 [40 [202 [s98 SN et
[3 }:»ﬁtopm(or(non hegatic carcinoma) [12 2 I45 & IG 1 Iﬂ 8 l?l 9 ;ﬁ‘i?;tﬂdm Consensus
[s- f+-Tocopherol 138 150 69 51 [ses

http://www.westgard.com/biodatabasel.htm We$tgard QC \'}E\f
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CLIA:

Rilibak (Germany)
NGSP 2013

CAP PT 2013
“Ricos Goal”

UK MAPS

How good does HbA1lc have to be?

None given
18%

7%

6%

4.3%
6.3-7.0%

Westgard QC "2/
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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$

(3) Validate Method
Performance (CV,bias)

“

(3a) Manufacturer’s
Claims

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

(4) Implement Method

-

(4a) Manufacturer’s
nstallation/Training Services

and Analytic System
A 4

r—————»

(5) Formulate
"Sigma TQ%Strategy”

i

(5a) Sigma
[(TEa-%i'as)/CV]

(|12) Improve Analytic QC Plap
[CQI, CAPA]

(6) Select/Design

“

(6a) Sigma
QC Selection Tool

A

SQC (rules, N)
A 4

(11) Monitor AQCP Failures
FRACAS] (Quality Indicatorg)

(7) Develop

N

(7a) Risk Analysis

A

Analytic QC Plan
\ 4

\ 4

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

(8) Implement
Analytic QC Plan

“

(8a) QC Tools

A 4

e

(9) Verify Attainment of

Intended Quality of Test Result

Fewstgard QC )/




- What method to select?

.
HEEL .

Clin. Lab. 2002:58:0171.1177
CCopyright
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 !

! Deportment of Biochemisiry, Lapeyronbe Hostal, Monipedicr. Erance

SUMMARY

Background: To compare the results of HbAlc determination obtained through immunoassays versus the HPLC
method currently used routinely in our laboratory.

Methods: We evaluated immunoturbidimetric assays for the HbAlc measure on three analyzers, specifically the
Roche Cobas Integra 400+® (Roche Diagnostics, Indiamapolis, IN, USA), Ortho Clinical Diagnostics Vitros 5.1
FS® (Ortho Clinical Diagnestics, NY, USA), and Siemens Dimension RxL® (Siemens Healthcare Diagnostics, NY,
USA), in comparison with the HPLC Menarini HA $140® (Menarini Diagnostics, Rungis, France) currently used
in our laboratory.

Results: Analytical performances including precision, analytical range, recavery, carryover, erythrosedimentation
and comparison studies were acceptable leading to results with a level of exactitude in accordance with the recom-
mendations of the National Glycobemoglobin Standardization Program (NGSP).

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

(Clin. Lab. 2012;88:1171-1177, DOI: 10.7754/Clin.Lab.2012.111222)

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

23 & reference method, was set up. Finally, in 2001 the

Hemoglogin Alc, immunodassay, chromatography, tur- [FCC (Intemational Federation of Clinical Chemists)
bidimetry standard appearcd, based on the HPLC/mass spectro-

photometry or the HPLC/capillary electrophoresis, In
these methods, an endoprotease enzymatically cleaves
INTRODUCTION the N-terminal hexapeptides from the HbA beta chains,

JRESRIPE Y Sl

Clin Lab 2012;58:1171-1177 WeStgard QcC W‘



Where do we go? How do we get there?
R Six Sigma Quality System

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

Accreditation Requirements Intended Use (TEa, Dint) Medical Applications

(2a) Traceability ‘ N (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 TQ%Strategy” [(TEa-%i'as)/CV]

(|12) Improve Analytic QC Plap (6) Select/Design (6a) Sigma
[CQI, CAPA] SQC (rules, N) QC Selection Tool

A A 4

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

FRACAS] (Quality Indicatord) Analytic QC Plan (7a) Risk Analysis
A \ 4 \ 4

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

A 4
(9) Verify Attainment of
\Intended Quality of Test Result tg a rd QC



Three keys to Assess Quality

-..Illlh.._

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

e Method Performance Data

Westgard QC "~/



How do we measure (Six) Sigma performance

EEEEEL (the arrow)?
EEEEEEL .

Measure Variation

— Can we measure imprecision (CV)?

— Can we measure inaccuracy (bias)?

Westgard QC .=/



Sigma metric equation for analytical process
performance

.

L[|
Sigma-metric = (TE, — Bias)/CV

- TEa + TEa
Bias .
)
=)
5| /cva
— & defects
= :

-6s -5s -4s -3s -2s -1s 0s 1s 2s 3s 4s 5s 6s

Westgard QC .=/



Example Sigma-metric Calculation

i.---.._
HEEEEL .

» 2 HbA1c POC devices,
data from 2011 CCLM study
» CAP PT criterion for acceptability = 7%

» Total Precision (CV): 2.66%
» Bias at 6.5% HbA1c: 2.7%

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

http://www.westgard.com/2012-3-poc-hbalc.htm
Westgard QC "~/



Display of Sigma-metrics:

.
BREEEREL .
HEEEEEE.

7.0
6.3
5.6
49
4.2
3.5
2.8
24

1.4

Observed Inaccuracy, % Bias

0.7

Method Decision Chart 7.0% TEa HbA1c methods

World Class

0.7

14

21

2.8 3.5

Observed Imprecision, % CV

Free download at http://www.westgard.com/downloads/

Westgard QC .=/



can we find imprecision data?

.

Between-run CV at Between-run CV at Estimated CV at

5.7 % HbAlc 7.1% HbA1c 6.5% HbAlc

C

Clin. Lab. 2012:38:1 1711177
Copyright

ORIGINAL ARTICLE

Evaluation of Three Turbidimetric Assays for Automated
Determination of Hemoglobin Alc

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

" Deportment of Biochemisiry, Lapeyronie Hospival, Mowipeilicr, Frimce

SUMMARY

Background: To compare the results of HbALc determination obtained through immunoassays versus the HPLC

method currently used routinely in our laboratory.

Methods: We evaluated immunoturbidimetric assays for the HbALc measure on three analyzers, specifically the

Roche Cobas Integra 400+® (Roche Diagaostics, Indianapolis, IN, USA), Ortho Clinical Diagaostics Vitros 5.1

FSB (Ortho Clinical Disgaostics, NY, USA), and Siemens Dimension RiL® (Siemens Healthcare Diagnostics, NY,

USA), in comparison with the HPLC Menarini HA 81408 (Menarini Diaguostics, Rungis, France) carrently used

in our laboratory.

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

and comparison studies were acceptable leading (0 results with a level of exactitude in accordance with the recom-
f the Program (NGSP).

Conclusions: The three immunoassays (ested can be used and will by y for

who cannot invest in a HPLC i

(Clin. Lab. 2012;88:1171-1177. DOI: 10.7754/Clin.Lab2012.111222)

1.5 0.6 1.05

2.18 1.25 1.715

1.21 1.01 1.11

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

a3 & reference method, was set up. Finally, in 2001 the

in Alg, i tur- IFCC (Intemational Federation of Clinical Chemists)
aandard anneared based on the HPLC/mass spectro-

Westgard QC "2



here can we find bias data?

.
HEEL .

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

The Amenican Diabetes Association (ADA) recomumends that laboratornies use only HbAlc assay methods that have been
NGSP certified and report results as “2eHbAlS”. The ADA also recommends that all laboratones performung HbAlc
testing pasticipate in the College of Amernican Pathologists (CAP) fresh sample proficiency testing survey (see ADA
Recommendations section on this website for more detls). CAP GH2 data for the first survey of 2013 are summanzed
below. The NGSP target or reference values are based on replicare analyses using seven NGSP certified secondary
reference methods

2013 GH2-A (fresh pooled samples)

GH2.01 GH.02 GH2.02

"NGSP *oHbALc Reference Value (95% C1) 7.11(7.08.7.17) 9.32 (9.26-9.38) 6.07 (6.-01-6.13)

no. Mean Mean Mean Mean | % Mean Mean *e

labs B ®cHbAlC bias ®aHbAle bias | CV | sHbAle bias Vv
* Abbort Architect ¢ System 78 7.21 0.10 9.53 021 | 3.5 6.10 003 | 3.2
* Axis-Shield Afinion 24 7.14 0.03 9.02 -0.30 | 3.0 6.11 00s8 | 3.1
* Bayer AleNOW* 16 6.37 -0.74 8.27 -105 | 4.1 540 HD67 | 73
* Beckman AU systems 37 5.92 -0.19 9.16 -0.16 | 46 589 .18 | 50
* Beckman Synchros LX Syitems 10 6.91 -0.20 941 0.09 | 2.2 6.29 022 | 82
* Beckman UniCel DxC Synchros 233 7.01 -0.10 945 0.13 | 36 6.06 001 | 4.2
* Beckzaan UniCel DsC Synchrem (orig) 143 7.01 -0.10 9.46 0.14 | 3.8 6.05 002 | 4.2
* Bio-Rad D-10 210 7.16 0.05 9.41 009 | 26 6.14 007 | 26
* Bio-Rad Varamt 11 97 7.04 -0.07 9.37 005 | 2.2 5.97 0.10 | 2.2
* Bio-Rad Variast Il Turbo 152 7.16 0.05 943 0.11 | 20 8.05 002 | 26

A1* Bio-Rad Variast 1l Turbo 2.0 51 712 001 kL 003 | 004 1260

Westgard QC “ .=/



here can we find bias data?

.
| [ .

L L
0.98 1.32 1.15
B -2.67 -3.95 -3.31
C 0.84 4.28 2.56

Westgard QC * .+ *



are the Sigma-metrics at 6.57?

.
.
I el I i
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

i.---.._
HEEEEL .

Observed Inaccuracy, % Bias
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Method Decision Chart 7.0% TEa HbA1c methods
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BEEEL.

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
eference Methods & Material$

A 4

(3) Validate Method
Performance (CV,bias)

“

(3a) Manufacturer’s
Claims

(4b) Pre-analytic and

|.>

(4) Implement Method

Post-analytic Requirements

and Analytic System

-

(4a) Manufacturer’s
nstallation/Training Services

(|12) Improve Analytic QC Pla

[CQI, CAPA]

A

(5) Formulate
“Sigma TQC Strategy”

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

(5a) Sigma
[(TEa-%i'as)/CV]

(6a) Sigma
QC Selection Tool

(11) Monitor AQCP Failures
FRACAS] (Quality Indicators

(7) Develop

(7a) Risk Analysis

A

Analytic QC Plan
\ 4

\ 4

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

(8) Implement
Analytic QC Plan

“

(8a) QC Tools

A 4

e

(9) Verify Attainment of
Intended Quality of Test Result

iieust

fewstgard QC )/



= Three keys to Assess Quality
====iilnm

@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:
Optimizing QC Design

100. Ns of 2

90.0
§m80.0 N R

70,0

e W N N2
g 60.0 2
Ko .
'5 _____ Ras
® 50.0 2 1
=
s [\ s 13 _
g 400 2 1
3 300
§ : 2 1
220 A VNN 18
< "

10.0

2 1
0.0
0.0 10.0 20.0 30.0 40.0 50.0

Allowable Imprecision (sm eas%)

Free download at http://www.westgard.com/downloads/
Westgard QC "=/
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Allowable Inaccuracy (bias
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Review of essential Six Sigma tools!

- How prepare Method Decision Chart?

* Define Allowable Total Error

— HbAlc =7.0% (2012 CAP TEa criterion)
* Scale graph

— Y-axis from O to TEa

— X-axis from O to TEa/2

e Draw lines for TE criteria
— TE = Bias + M*SD
If SD=0, then y-intercept = TE; If Bias=0, then x-

intercept = TE/M Westgard QC x&j



How prepare Method Decision Chart?
iiiiu..u HbAlc: CAP TEa=7.0%
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Normalized Method Decision and
Operating Specifications Charts

EREEL
* Scale y-axis 0 to 100%

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

— Calculate x-coordinate as CV/TEa

* 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-.._g

Normalized Chart of Operating

Allowable inaccuracy (100*%bias/%TEa)
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Six Sigma Quality System

e
-

(1a) Regulatory &
Accreditation Requirements

(2a) Traceability

(1) Define Goals for

el e (TEa, Dint)
E’e’-

Getting Started!

(1b) Clinical and
Medical Applications

(2b) Manufacturer’s

eference Methods & Material$

(3) Validate Method
< "~~~ (CV,bias)

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

S

(|12) Improve Analytic QC Plap
[CQI, CAPA]

(3a) Manufacturer’s
Claims

(4a) Manufacturer’s
Installation/Training Services

(5) Formulate
"Sigma TQC Strategy”

i

(5a) Sigma

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

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

B N B N N &N _§N _§N

\

~--------’

[(TEa-Bias)/CV]
( v )

(6a) Sigma
QC Selection Tool

A

(8) Implement

(8a) QC Tools

Analytic QC Plan
A A

(9) Verify Attainment of

A ntended Quality of Test Resultg
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What would be the benefits?
... Better efficiency, lower cost

Westgard QC "~/
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Implications of Sigma-metric analysis:

. Quality Control
HEEEERE.

 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 "=/



2011 Leeds Health system
*9 chemistry analyzers

«7 immunoassay analyzers
«71 analytes

50% reduction in recals

70% of analytes 4-6 Sigma

a
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Biological variation Pharmacokinetics Expert opinion

‘do the savings manifest themselves?

Original Article

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

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

Department of Clinical Biochemistry, Leeds General Infirmary, Leeds LS1 3EX; “Siemens Healthcare Diagnostics, Sir Wiliam Siemans
Square, Surrey, UK
Corresponding author: Mrs Nuthar Jassam. Email: nuthar.jassam@hdtf.nhs.uk

Abstract

Background: In a network of laboratories analytical variability between instruments, even of the same type, may exist for
reasons beyond the control of laboratory staff. Controlling variability is a prerequisite for the application of shared reference
ranges and for ensuring the transferability of patient test results. Controlling variability requires a robust, non-conventional
quality system to detect poor performance of analysers that are geographically distant. Essential to this quality system is a set
of well-defined quality specifications.

Methods: The approach used in our study started with (1) selection of a model for quality specifications based on biological
variation; the 'three-level model' (TLM) was selected on the basis of its flexibility to accommodate various levels of analytical
performance; (2) determination of the performance characteristics of the 71 analytes measured in core biochemistry in terms
of imprecision and bias; (3) defining quality requirements in the form of imprecision, bias and total error for 71 analytes
measured routinely in core biochemistry; and (4) developing software to assist a consistent wide application of the quality
specifications and to monitor analytical indices to the common quality specifications.

Results: In this paper we describe how we have implemented this model across our network. Forty-six of the 71 analytes in
our core laboratory repertoire 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.

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

Ann Clin Biochem 2011; 48: 136-146. DOI: 10.1258 /acb.2010.010005




How do the savings manifest themselves?

.
BREEEREL .
HEEEEEE.

2 hospitals in QC applied e _ QC applied e '
Netherlands: s
. GG 6 395 6 6 5
Implementlng 2006 onward Tringycerids 21 : ) 20 20 5 a0 20
Urea 1 0 411 1 11 0 413 11
Total bilirubin 0 0 417 0 70 1 418 69
Total 638 193
. Counted f I
5 tests simulated effect: e e
U 261
2 SD = 270 reJeCt|0nS Aygrzcge:;a:%trzgrn:mn 10
. . . Totaltime (minutes) 2610
Redesign = 9 rejections 44 hours
Costs
Salary/hour € 19,96
Salary cods € 868,26
Reduction of 261 “repeats” Average mricofad € 2% e 25
. . Total costs € 1520,76
Reduction in control mtls For 4 analysers ¢ oo
Savings on gc-material € 15100,00
Total savings € 21183,04
ESt €2 1 4 1 83 . 04 SaVI ngs As the savings are calculated over only 5 analytes the real savings will be even higher.

http://www.westgard.com/saving-with-six-sigma.htm WeStga rd QC W
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Abstract Introduction

SAVINGS

By Applying

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

Westgard QC "~/
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E:...__ Sigma-metric 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- ‘anlleyﬂealth

metrics of analytes Winchester
h -
(30 shown) Medical Center
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Summary of Sigma Metric Estimations —
- 30 Chemistry Tests using CLIA goals

HEEEEL
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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Method Decision Chart (Normalized) - Valley Health

Valley Health MEDXx

100

Observed Inaccuracy, % Bias
N W b a (o2} ~ [02] O
o o o o o o o o

-t
o

| &2
=

World Class

ceto ©

O% \ ~- L@u-
e 0
um|,pbserved Imprecision, % CV

Albumin

chioMde

Bll

g "' SR N.l. o,

"I'&?ﬁﬁ 20 Smlﬂlwm 30 40

50QC W



i.---.._
T —

100

Observed Inaccuracy, % Bias
— N w B~ (62 (o)) ~l (0] (o
o o o o o o o o o

o
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Method Decision Chart (Normalized) - Valley Health

Dr. Litten:

93% of
analytes
were above
5 Sigma

None were
below 3
Sigma
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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
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— Reagent and Supplies

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

— Chemistry: $8,000 savings
— Cardiac Markers: $55,000 savings
— Control Material Savings
* Approximately 45% savings in control material
— Approximately $10,000 annual savings

')
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- Savings from Changes in Quality Control Program
-,
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e Labor Savings

— Savings from running QC q12 hour versus g8 hour
« ~$11,000 per year (1 hour per day) 0.175 FTE
— Less investigation of QC failures
* Over 40% fewer QC failures to investigate
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Conclusion:

i.---.._
HEEEERL

* 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

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