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Design - Why multiple samples are important weaas

ldentifies components of both Imprecision and
Inaccuracy

ldentifies systematic errors

Assesses method linearity — required for ISO
15189

Powerful error detection tool
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Weaqas
The Target Value?

Determining the ‘right’, ‘true’, ‘correct’ value?




Www.wegas.com

Weaqas
Reference Measurement Targets

“True” value traceable to higher order method.
Establishes method traceability for the lab— requirement of ISO 15189.
Independent assessment of manufacturer traceability claims.

Highlights the pitfalls of using the trimmed overall mean as an accuracy
target in EQA Schemes. Is not influenced by peer group numbers.

Overall mean and method mean may not be traceable, may not be stable,
may be influenced by large numbers from one manufacturer.

Useful in the post market vigilance of the IVD - Directive

Expensive



Scheme: Serum Chemistry. Distribution Code: RH.
Distribution Date: 2/01/18. Final. Report Issued: 2410118 We Qa S
Glucose (mmolll) 1 2 3 4 | Analyte SDI
Reported Result 11.4] 81| 207] 18 o1
Method Comrected Result 11.40] 8.10| 2070] 1.80 r a C e a I I
Hexokinase Mean 11.42 B2 1.1 1.85
sD 020] 0415 o041 o005
Number 170 172 169 168
Uncert. | 0.015] 0.012] 0.032[ 0.004
Cobas C Module Mean 1145| 8286 21.13] 188
sD 017] 043] 031 o004
Mumber 91 95 a2 91
Uncert. 0.018| 0.013| 0.033]| 0.004
Owerall Mean 1139| 821 21.05] 186
sD 022 015 046 o006
|Mumber 191 188 188 186
Uncert. D.016 I Wy 0 14
ey - — Reference measurement values
ID-GCMS 11.40 815 | 2095 1.76
Ref Vane St B T shown on report (and reference
Mon-scoring Reference Values
WeQas 5D 0D34| 025 065| 012 H
Sigma Metrics - . .
iz Level 1-7 mmol traceability chain to Sl units
Minimum Acceptable score 1.62 | Critical Level 1 Sigma score T4
MAPS Allowable TE 5.9% .
MAPS Allowable bias % 2.20% |Lab |bias| % 0.2% aval | d b | e.
MAPS Allowable CV % 2.90% |Lab CV % 0.9% .
Please note: Linear regression uses CF corrected data. La b res u |ts CO m pa red d | rect Iy to
This Distribution RH Prey reference Values
'wose ec ooz SDI scores, Sigma scores and
- 24 y=0.20x + 0.00 -
r=1.0000 .
bias plot based on reference
18 y.x = 0.
- values
D.E - l.axi5=target value
JolD @ rL 0 c"x):—!f;r::.le:r;:{t’ results
0s - T = your method specific instrument
1 o= 22 Welas 50
10 T = method +2 50
15 + = your previcus results
20
24
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: oL : WeqQas
Using Statistical Comparison

e.g Distribution
Mean

Standard Deviations -3 -2

Where Overall Mean, Median, Method or instrument mean is used as the target.
Cheap, quick and easy to do.

Calculation (and uncertainty) of the Mean is influenced by outliers, number of results and spread of
results.

Gives no indication of the “true” result.
May not be stable over time.

May not provide context to clinical utility of the investigation especially where
global targets are used for the clinical management of the patient.

Www.wegas.com




Weaqas
Target values used in Quantitative EQA

Loss of information for Assessment of
accuracy

Reference
values

Overall mean/ | Method mean [| Analyser mean

median / median Peer group

assessment

Gold standard Used if no ref Peer group

and data assessment
Gaussian. only

only.

Gravimetric

WWW.Weqas.com 8



Weaqas
The Weqgas Report
Target values used in Statistical Analysis

Reference values — used for bias plot / Pl calculation
and o score

Method mean — used for Pl calc if no ref and n>8

Hierarchy

Overall mean — used for Pl calc and bias plot if no ref
and n <8

} Instrument mean — on report for information only




Weaqas

Determining Performance Specifications




Weaqas
Acceptable Performance Specification

A range of values around the target value that is considered
clinically acceptable.
Provides a simple tool to allow a rapid, standardized
assessment of EQA results in both numerical and graphical
report formats.
A result outside the acceptable range should alert the
laboratory that that their assay may produce results that are
at risk of detrimentally affecting clinical decision making.




. . . WeqQas
Using Statistical Comparison

TEe = 10 TEa =5%
Method 1 Method 2

------- 4

il

i

Standard Deviations -3 -2 -1 0 1 3 Standard Devigtions 3 2 1 0 1 2 3

Mean * 2 SD = 95% returned results are usually used
Provides information on whether your result is in agreement
with the peer group used

May not be clinically relevant

May not be stable from one distribution to another
Influenced by outliers

WWW.weqas.com 12




Weaqas
Specification Hierarchy

"State of the art” -
Interlaboratory variation

Analytical performance
specification based on
clinical outcomes

Analytical performance
specification based on

biological variation

» What we can achieve
but may not be “fit
for purpose”

+ Data available but
not always achievable

« What we need but
data not readily
available

Data from
outcome

Improvements in
methods / technology

Www.wegas.com



From Biological goals

Test | (%) B (%) TE (%) (0.01)
Glucose 2.2 1.9 7.0
HbAlc 1.7 1.5 55

Desirable quality specification can be calculated from:
| <0.5CV,,
B<0.25 (CV,? + CV,?)*
TE =2.33 1+ B (a<0.01) for EQA
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Weaqas
Determining analytical quality

specifications

Allowable Total Analytical Error (TEa)
encompasses both imprecision and inaccuracy.

Shown as TAE (Total Allowable Error) on Wegas
Reports




The WEQAS Report veugs
Statistical Indices

Imprecision: Sy.x, r, IS

Inaccuracy: Bias plots (absolute & relative), y=mx+c




Interpretation of Imprecision Weaqas

Sy.x is the deviation around the best fit line and is an indication of scatter. Itis
used as an index of within run imprecision. This is given in the units of the analyte
in question.

Correlation coefficient (r value) is also an index of within run imprecision. The
closer to 1.0 the value is, the better the precision (less scatter about the best fit
line).

IS score is derived from the correlation coefficient.

'r' value Imprecision score

0.9990 Otol0 |- Good

to

1.0000

0.9850 11to 150 |-  Acceptable to Warning level
to

0.9989

< > 150 - Unacceptable

0.9850 (including Curvilinear Data)

WWW.weqas.com 18




Www.wegas.com

Imprecision indices

Standard deviation

—_ 2 where
SD = 2 O}'y) y = observed value

y = expected value
d f d.f. = degrees of freedom

Standard dev of residuals

Sy.X = 2 ()7-)7)2 where

y = the value on the
d.f. line of best fit

Weaqas

19




.. WeQas
Imprecision — Scatter around the “best fit line”, Sy.x

SOdIum (mm0|/|) Measurement of scatter

180
m
All reported
/: r =1.000 results are on the
160 / Sy.x =0 “best fit” line — no
scatter

/{ dy.x ¥ -5.0
140 /./
L 4
L
/l/ Reported results
120

are scattered
/ r=0.9812 around the “best
fit” line —
Sy.x=4.1 Lone

standard

100 deviation of 4.1
100 110 120 130 140 150 160 170 180 mmoI/L

Target value x

Laboratory Result y

WWW.weqas.com 20




o Weaqas
Imprecision — how to calculate Sy.x

Line of best
Target value Lab result fit Deviation

- . 2

X y y y-§=dy.x  dy.x
111 108 109.9 -1.9 3.62
123.5 128 123.3 4.7 21.97
135.7 136 136.4 -04 0.16
148 144 149.6 -5.6 31.30
160.3 166 162.8 3.2 10.31

q 2

slope 1.07 > dy.X > dy.x

int -9.17 0.0 67.36
df=n-1=4
Syx=  VXdyx*/df 674/ 410

WWW.weqas.com 21




Interpretation of Inaccuracy Weaqas

Represents the point at which the line crosses the y axis.
This is shown in the units of measurement of each analyte.
In the example this is 12.04nmol/L. If deemed significant,
this indicates a constant error.

y=mx+c

Represents the slope —in the example this is
0.97 which shows a 3% negative proportional
bias. If deemed significant indicates a
proportional error.

WWW.weqas.com 22




Www.wegas.com

LAB RESULT

25

20

15

10

ERRORS IN ACCURACY
1. NO ERROR

——y =1x+0

TARGET VALUE

25

Weaqas

23



Weaqas

ERRORS IN ACCURACY
2. SYSTEMATIC PROPORTIONAL (POSITIVE BIAS)

——proportional (y=1.2x+0)

25

20

LAB RESULT
-
«x

[uny
o

TARGET VALUE
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Weaqas

ERRORS IN ACCURACY
3. SYSTEMATIC PROPORTIONAL (NEGATIVE BIAS)

——proportional (y=0.8x+0)

25

20

LAB RESULT
-
5

=
o

TARGET VALUE

WWW.weqas.com 25




Weaqas

ERRORS IN ACCURACY
4. CONSTANT (POSITIVE BIAS)

——constant (y=1.0x+2)

25

20

LAB RESULT
-
5

=
o

TARGET VALUE

WWW.weqas.com PAS




Weaqas

ERRORS IN ACCURACY
5. CONSTANT (NEGATIVE BIAS)

——constant (y=1x-2)

25
20

15

LAB RESULT
[
o

TARGET VALUE
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Www.wegas.com

LAB RESULT

25

20

15

10

ERRORS IN ACCURACY
6. MIXED

——mixed (y=1.2x-2)

10 TARGET RESULT 15

20

25

Weaqas

PAS)



Weaqas

ERRORS IN ACCURACY
7. CURVILINEAR

——curvilinear (y=0.78x +1.3)

LAB RESULTS

TARGET VALUE

WWW.weqas.com 29




W
Types of Errors S

—o—proportional (y=1.2x+0) o constant (y=1.0x+2)

—-+—mixed (y=0.8x+2) ——curvilinear (y=0.78x +1.3)

25

20

LAB RESULT
[uny
(9]

=
o

TARGET VALUE

WWW.weqas.com 30




Weaqas

Types of Errors




Overall Performance Weaqas

Traffic light Performance Description
colour category

(Any number of samples in distribution) and (No results submitted for any samples)
Non-Return

(Any number of sample in distribution) and (one or more |PI| > 3)

(number of samples in distribution = 1) and (2<|PI| < 3)

(number of samples in distribution > 1) and (2 or more |PI| >2) (Westgard 2,,)

Poor (number of samples in distribution > 1) AND (sign x; # sign x;)] AND |x;[>2 AND |[x;| >
2 * for at least one pair of scores x;and x
where x, with i#j are the individual sample-analyte scores for the instrument in

guestion

(Westgard R,.)

(number of samples in distribution > 1) and (single sample with 2 < |PI| £3) and
Orange Warning (no sample with [PI| > 3)

any number of samples in distribution) AND (1 < Max |PI| £2
Yellow Acceptable (any P ) ( | PI| )
Green Good |PI| <1 for all samples

Green is only assigned if all the individual samples are good.

WWW.weqas.com 32




Troubleshooting - Problem Solving Flow V/ea®s

Chart
START HERE
IMPRECISION INACCURACY
[1] [2]
Are you satisfied with YES  Areyou satisfied with  YES
your imprecision values? slope and intercept? @

(Sy.x, r) (m, c)

WWW.weqas.com 33




Weaqas

[1] Are you satisfied with

your imprecision values? PrOblem SOIVing FIOW
(Sy.x, r
l Chart

[3] Check whether the
cause is curvilinear data

(m,c,Sy.x,r)

[4] Then the error is random, IMPRECISION

check whether there is
clerical error.

/ Eliminate

[5] blunder
Check for causes go to [2]
of imprecision

e.g. inexperienced ~
operators, faulty
equipment, inappropriate go to [2]
methods

WWW.weqas.com 34




Weaqas
Problem Solving Flow Chart

START HERE

IMPRECISION INACCURACY
[1] . [2]
Are you satisfied with YES Are you satisfied with YES
your imprecision values? slope and intercept? ©
(Sy.x, r) (m, c)

NO

[6]
Identify type of error

_— } ™~ \

curvilinear proportional mixed constant
(m, c, Sy.x, r) (m) (m,c) (c)

WWW.weqas.com 35




Weaqas
Problem Solving Flow Chart

Curvilinear proportional mixed constant
(m, ¢, Sy.x, r) (m) (m, c) (c)
Is it a “one

Check for time

INACCURACY expired reagents point” cal? \

Check all /
/ \ ecka Check zero

Calibrators
Replace . (reagent blank,
inc. zero
reagents serum blank,

instrument zero).
Recalibrate (try different lot)

Run linearity check
Are you satisfied

with slope (m)? Are you satisfied
/ \ with intercept (c\
Check slope Check method

Adjust & Recalibrate

value of instrument specificity

WWW.weqas.com 36




Www.wegas.com

Bias plot (1)

Sodium (mmol/I)

100
7.5

113 126 139 152

(@)
(@)
(@)
(@)

165

Q

Precision - good
Accuracy - systematic mixed error

y= 09x+9.6
r= 0.9995
IS= 5
Sy.x=0.63

Weaqas
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Bias plot (2)

Potassium (mmol/I)

2 4 6 X
0.8
04
0 & 5\)( } O
-04
Precision - blunder error
-0.8

Y = slopenot calculated
r =0.8826

IS =1174
Sy.x=1.10



Weaqas
Bias plot (3)

Chloride (mmol/l)

80 90 100 110 120
8 +
6 +
4 + - D
2 =+
0 5 } o) —5 ‘o) o—
24 o
-6 +  Precision - good
-8 4

Accuracy - systematic constant error

y =1.01x-4.01

r =0.9995
IS =5

Sy.x=0.49
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Bicarbonate (mmol/I)

Www.wegas.com

Bias plot (4)

12 16 20 24

28

e AN
NS

Precision - random error

Y = slopenot calculated
r =0.8484

IS =1516
Sy.x=241

Weaqas
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Weaqas
Bias plot (5)

Urea (mmol/I)

i/

X0
X

|
|
|

.03

24 Precision - good

Accuracy - good

y =1.00x-0.14

r =1.000
IS =0
Sy.x=0.03
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Weaqas

Glucose (mmol/l) BiaS pIOt (6)

1+ %

2 4  Precision - good

Accuracy - systematic mixed error

y =1.09x -1.06

r  =0.9991
IS =9
Sy.x=0.40

WWW.weqas.com 42




Weaqas
Bias plot (7)

Calcium (mmol/I)

1.4 1.8 2.2 2.6 3
0.4 1
03 4
02}
oy -
o |- R S

KT S

-0.2 T Precision - apparently poor

03 T Accuracy - curvilinear data
-0.4 +

Y = slopenot calculated

r  =0.9810
IS =190
Sy.x=0.09

Www.wegas.com "
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Bias plot (8)

ALP (1U/L)
60 100 140 180 220 260 300

150

100 +

50 +

0 o _0 o o) o
50 + %
\

-100 T precision - good X
-150 4+ Accuracy - systematic proportional XK—

y =050x+1.16

r =0.9999
IS =1
Sy.x=1.30

Weaqas

44



Problem Solving Checklist YGRS

Identify Error
& Possible
Cause

Results & .. Accurac
Overall Precision : y
(m,c, bias

Scoring Running PI
Performance Tables (r, Sy.x, IS) o)

Sample
Histograms

Analyte
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