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Thetopics

» Evaluate your QC results!
Be interested. Discuss them at the lab and with friends.

» Why are my, and not others, results out of limits?
“The EQAmaterial is not commutable”

“The assignedtarget value is not correct”
“The EQAmaterial is not stable”

» There are too many ways to express “accuracy”



Standard for the evaluation of a
participantin an EQA scheme
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of the performance of in vitro diagnostic examination procedures
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A flowshart for deviating EQA-
results

l? FLOWCHART FOR HANDLING DEVIATING EQA-RESULT
| 4
NKKiCI Gunn B B Kristensen, Kristine Solem and Pal Rustad
N“'ﬁ:a'ﬁ't!'{:;'kk,’ﬁg”'“ II NKK, Norsk Klinisk-kjemisk Kvalitetssikring
e-mail:gunn.kristensen@noklus.no

Is there any explanation in the comment letter? @
Yes

NO

NO r
@ Do the acceptance limits indicate a considerable deviation?

Yes

A 4
|s the deviation in accordance with previous EQA results?

NO
v

Were the results for internal quality control
(IQC) OK in the period the analysis was performed?

Yes
h 4

Were the reagents and calibration status OK?

A J Yes Yes

Has the manufacturer changed the recommendation regarding
reagents, calibrator or the given value of the calibrator recently?

Internal/external
cause®




A flowshart for deviating EQA-
results

Is the assigned value {AV) traceable to a reference method?

¢ NO Yes
Is the deviation representative for your method? m?
cause’
Yes Yes
Is the deviation representative for your v NO
method? - .
| Is AV calculated from original results?
Yes
4
} xtemna
47
NO Is AV calculated on sufficient number of results (<4)7 cause'®
|
_ NO 4 Yes
el i — Was the instruction from the
{“»»_Iplfmal cau _Sf_ff}‘_ EQA organizer followed?
S

¢Y65

NO
Has the EQA organizer registered the correct method and result?

NO X Yes
Has the laboratory registered the correct method and result?
Yes
¥ NO
Have the samples been sent in a proper way?
¢ Yes
NO

Internal cause’ Is the analysis performed in the way the manufacturer prescribe?

[ e



A flowshart for deviating EQA-

results

Internal/external
cause'”

i Yes
NO
° Does repeated analysis of stored material also give a deviation?

' L W Yes
‘ Is the vanation in the EQA results for your method large? }—@
NO ¢ NO

If several samples are measured — is the dewviation systematic for all?

Yes
h 4

Does re-analysis of new material sent from the EQA organizer also give a deviation?

v Yes

Is the instruction letter correct?

Yes

NO



EQA material should be
commutable
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Architect, log (100 X ng/ml)
Zhang et al, Commutability of Possible External Quality Assessment Q

Materials for Cardiac Troponin Measurement, 2014



EQA material should be stable



1SO 13528:2015

result, g/L

46

45

44

43

42

41

[y1 = y2l £ 0,30, + 2\/”(?1)2 + u(y,)?

Stability tested by repeated measurments at one site at the day of
distribution and at the last day for the round.

+ Standard error

<0.30p7

day 1 day 3
testday
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Thetarget value for a EQA material
should be a true value

Target value known by formulation

Targetvalue from by reference measurement procedure
Target value by 'expert laboratory methods’

Target value by consensus mean

W e



The consensus value is
often not a true value

Instrument: Vitros 5,1 F3--VI01

P-Albumin (g/L)
Kvalitetsmal (%): +-5
Egen rapportgrunp: Ortho
Egen rapportgrupp (13) Samitliga (85) \\
Eget resultat: 2873 Medelvarde: 28,5 Medelvarde: 330
Sh: 0,67 S0 1,84
Asatt vérde: - CV%: 23 CW%: 5,6
Eash awikelse Eaen avvikelse
Absolut (enheter):  +0.27 Absolut (enheter).  -4,28
Relativ (%) +0,9 Relativ (%) -13,0
Antal 3D +0,40 Antal 3D 2,33
Medelawikalset: +1.12 Medzlavvikelse: 8.4
& [senaste B omadraarnal {senaste @ omgdngarna) _/
i Samftiga deltagares avvikelse | stgande ordning AT d 1. <=2 Antal resultat wianide histogrammet 0 = h
8 ¥
25 4
20 4
i g 1g
% 10 4
E .z
216 253 1.2 3 4.9 T o]
\_ AN E 2 -1 0 + +2 +3 s:ug;

Consensus value
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”Mean of method mean” (MOMM)

Mean of the major and homogenous method group
mean values

Deviating method groups are excluded

Small method groups are excluded



”Mean of method mean” (MOMM)

SMAD

Number of observations

5% of observations

I - -

90 95 100 105 110 115 120

P-Creatinine, pumol/L



”Mean of method mean” (MOMM)

Do you think MOMM is a more realiable target value than the consensus
mean?

Yes ?
No ?



Uncertainty is clearly defined

2.26 (3.9)

measurement uncertainty
uncertainty of measurement
uncertainty

non-negative parameter characterizing the disper-
sion of the quantity values being attributed to a
measurand, based on the information used

NOTE 1 Measurement uncertainty includes components
arising from systematic effects, such as components
associated with corrections and the assigned quantity
values of measurement standards, as well as the
definitional uncertainty. Sometimes estimated system-
atic effects are not corrected for but, instead, associated
measurement uncertainty components are incorporated.

Q



Whatis accuracy?

2.13 (3.5)

measurement accuracy
dCCuracy of measurement
dCCuracy

closeness of agreement between a measured
quantity value and a true quantity value of a
measurand

NOTE 1 The concept ‘measurement accuracy’ is not a
quantity and is not given a numerical quantity value. A
measurement is said to be more accurate when it offers
a smaller measurement error. ”

"more” or "less” are results

on an ordinal scale EQUALIS




Is it possible to measure accuracy?

Yes
No



One type of measure of accuracy

Fraction of results within quality specifications

F6r5|ag till t0|kning av resultat fran Er avvikelse fran asatt virde | forhdllande till niva
externkontroll _ 8
Mal fér noggrannhet: Figuren till héger visar % 4] __F______.r—-———F—'——_"é
avvikelse fran asatt varde fér 10 utskick for £ .
en deltagare i Equalis kvalitetssakrings- s 24
program fér HbA1c. Ett (1) resultat ligger = O o
utanfc-r den rodmarkerade grénsen fér g 0
g ® 00O OO
E 24
A pragmatic approach for POCT s — __ O
= - O I S
HbAlc in Sweden: E —
6

30 3I2 Bl-i 3IB BIE 4I0 4I2 4I-1- 4I6 -lIE SIO 5I2 5I4 513 5Ia Blﬂ- 6I2 6I4 BIE GIB TID ?Iﬂ Tl-i 'r'IG 7I3
Max 2 of 10 results outside the limits Niva

grénserna som maximalt kan accepteras:

. UL URR U D RULIUUIEESUlLaL. ~ia maste vara inom grénserna for kV&"TBTSI’né'E‘iT
e For 4 — 9 kontrollresultat: Maximalt ett (1) resultat utanfér grénserna fér kvalitetsmalet.

e For 10 — 11 kontrollresultat: Max tva (2) resultat utanfér grénserna for kvalitetsmalet.

| figuren ovan &r ett (1) av 10 resultat utanfér kvalitetsmalsgréansen, vilket alltsa kan accepteras.
Mal fér systematisk avvikelse: Fér de 6 senaste utskicken far genomsnittsavvikelsen inte vara utanfér +
1,5 mmol/mol. Véardet beréknas i resultatrapporten fran Equalis.

\{



Accuracy and bias reported to
participants in Equalis HbAlc scheme

Resultat tidigare omgangar:

Avvikelse fran asatt viirde (mmolimol)

Avvik else fran asatt virde (mmolimol)

-2

4

6

Avvikelse fran asatt virde senaste dret

Er avvikelse fran asatt virde i forhallande tll niva

36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78
Niva

Er genomsnittliga avvikelse frén 4satt varde de
senaste 6 Equalis utskicken:

1,23 mmol/mol

Féir gptimal kvalitet bér genomsnitts avwikelsen vara
< +- 1.5 mmolimal




Accuracy as ’fraction of values within”
denoted ”P4,” for accuracy of eGFR

TABLE Il
CRITERIA FOR BIAS, PRECISION AND ACCURACY

Criterion Metric Definition
Bias Median difference Measured GFR - estimated GFR
Median percentage difference (Measured GFR - estimated GFR)/measured GFR
Precision SD difference
IQR difference IQR of (measured GFR - estimated GFR)
IQR % difference IQR of [(measured GFR - estimated GFR)/measured GFR ] x 100
Accuracy Median absolute difference Median of the absolute value of estimated GFR - measured GFR
Pao Percentage of estimates within 30% of measured GFR
RMSE Square root of mean (log measured GFR - log estimated GFR)?

Root mean square error (RMSE) measures precision when bias is 0 (development data set). Interquartile range (IQR) is the
width of the 25th to 75th percentile.

P,, = percentage of estimated GFR within 30% of measured GFR; SD = standard deviation.

Stevens, 2008
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Accuracy described as ’total error”
the simple model TEa= bias(%) + 1.65x CV

Random error (CV%)

Total error; 10, 15 and 20% TEa

-10 0 10
bias (%)

20

O Contour NEXT USB (n=6)
A Contour XT (n=5)

X MedCore Care (n=21)



Accuracy described on the ”six sigma” scale

Random error (CV%)

12

10

Total error 15 % and sigma scale

-20

-10

bias (%)

10

20

O  Contour NEXT USB (n=6)
A Contour XT (n=5)
X  MedCore Care (n=21)

= = =sigma 2




Accuracy (or total error?) with the
root mean square concept (RiliBAK)

114 R. Macdonald: Metrological controls in laboratory medicine

Table 1 Selected examples for maximum permissible errors as given in [1] and corresponding maximum allowable rms deviation
of measurement for n = 15,

Analyte in serum/plasma except *

5 5 g3 2o kP
X Xy X X n
Xa

(%) (%) (%) (%)
Albumin 6.0 11.0 23.0 12.4
a-Fetoprotein 10.0 14.0 34.0 17.0
Bilirubin 7.0 12.0 26.0 13.8
Calcium 3.0 5.0 11.0 5.8
Cholesterol 4.0 6.0 14.0 7.1
Glucose 5.0 6.0 16.0 7.7
hCG 12.0 14.0 38.0 18.1
Hemoglobin* _ 2.0 2.0 6.0 2.8
Lactat-Dehydrogenase 5.0 8.0 18.0 9.3
Natrium 1.8 2.5 6.1 3.1




Accuracy described as ’long term
uncertainty measurement” (LTUM)

EQA laboratory results y
Regression liney =bx+ a
Parallel line
@ /'/
“/
’ 2] ;;/
RE ! g

TE 4

B
-

Consensus value x

Figure 1: Linear regression model forthe assessment of UM: y=bx+a.

CB, constant bias; PB, proportional bias; RE, random error; SE,
Matar et al, 2015 systematic error; TE, total error. I S



mean absolute relative deviation
(MARD)—-a new accuracy metric

Much used to describe performance of continous
glucose measurment (CGM)

In case of no bias MARD = 0,8 x CV

No additional information
compared with “p15”

14%

& bias 0

12% A B Ae B bias 0.5

10% A | m - bias 1

8% -

6%
.
[ |

4% A
2% A
0%

60% 65% 70% 75% 80% 85% 90% 95% 100%

Q

MARD

p15



Alternative expressions for

accuracy

ok bR

Something that can only be good or bad?

A fraction of results within performance specification?
The “total error”

The root mean square of bias and precision

The long term uncertainty measurement (LTUM)

The mean absolute relative deviation (MARD)



Thank you for listening
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Do you think MOMM is a more realiable
target value than the consensus mean?

A. Yes
B. NO




Is it possible to measure accuracy?

50% 50%

A. Yes
B. NO




Which expression for accuracy do you prefer?

Something that can only be
good or bad? 14% 14% 14% 14% 14% 14% 14%

A fraction of results within
performance specification?

The “total error”

The root mean square of bias
and precision

The long term uncertainty
measurement (LTUM)

The mean absolute relative
deviation (MARD)

G. The questionis wrong,
beacuse these terms do cover
different concepts and should
be given different names

m OO W »

N




How should target values be assigned to
commutable EQA materials?

A. Reference method 20%  20%  20%  20%  20%
values

B. Value transfer from
certified reference
materials

C. Consensus mean
from all participants

D. Mean of method
mean (MOMM)

E. Method group mean
values should be used




Somewords on results that are not
guantitative
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Whatis a ”qualitative test” ?

Semi quantitative test
Classification test

Binary test

Testwith results "yes/no”

Testwith results on an ordinal scale

a bk wbdhE



Performance characterstics for pregnancy tests

fraction of positivresults

¢ Test A 201U/L

O Test B 40 IU/L

38

10000 100000

Unreliability
zone
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How to draw the line....

(A) |Urine-Glucose Kit reference concentrations
. - _ In of concentration
I S s SE GR I
) _ CV-factor = 0.83 J_ —t 0.99

—
|
L]
o
(]
(]

S

o

o
Fraction of 1

Rankit (z-value)
L o

L
o
—

-]

1 0.01

|
|
0.3 1 3 10 30 100
Concentration of glucose control

o
|||I||||
o
T |

Hyltoft Petersen, P., et al. (2008) Scand J Clin Lab Invest 68(4): 298-311.
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How to draw the line....

Performance in EQAfor two pregnancy tests

3 90-0—OF . 4 O
@ TestA 20

2 A IU/L

1 A O TestB 40
E IU/L
)
._E
s 0
o o

1 2 (@) o

_2 —————————————————————————————————————— 1

-3

0,1 1 10 100 1000 10000 100000

hCG(1U/L)



Proposal 2: ¢5,c50an c95

For ordinal binary test with a quantitative back
ground scale assays should be characterized
with the three quantities:

“05”, ”CSO” and ”C95”_

The manufacturer should declare the ¢50 value for the assay,
and describe the metrological traceability



Internal quality assessment for
ordinal tests

<c5

False pos - True pos
True neg - False neg
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External quality assessment for
ordnal tests

<c5

False pos True pos ? True pos
True neg True neg ? False neg

EQUALIS
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Empirical, "state of
the art” limits for

performance
TestA
100% -
90% -
5 80% -
2 70% -
Q
; 60% -
>
= 50% -
‘B
g_ 40% -
g 30% -
& 20% -
10% -
O% I T T T T 1
1000 10000 100000 1000000 10000000

Koncentration grupp A streptokocker (CFU/mL)

100000000
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How do we report EQA results on ordinal
scale

Oversikt
Andel med
Komponent foérvantat svar (%) Forvantat svar Eget resultat
" Grupp A streptokocker 766 99.1 Negativ Negativ
2 Grupp A streptokocker 764 100 Negativ el. Positiv Positiv
13 Grupp A streptokocker 764 97.5 Positiv Positiv
Historik
2012-04 2012-22 2012-40 2013-04 2013-22 2013-40 2014:01 2014:02 2014:03

Grupp A streptokocker

B Eni. forvantat svar [l} ] enl. forvantat svar [] Svar saknas

) EQUALIS



Tests with deviating performance
can be revealed

TestB

100% -

90% -
E 80% -
2 70% -
3]
; 60% -
>
‘S 50% -
‘»
S 40% -
g 30% -
c
< 20% -

10% -

0% T T T T 1

1000 10000 100000 1000 000 10000 000 100000 000

Koncentration grupp A streptokocker (CFU/mL)



Take ahome message

All QC results must be evaluated and discussed.

If deviating QC results are not related the performance of the method, it might
be due to properties of the material used. Some examples are:

Non commutable material
Incorrect target value for the material
Unstable material

The measure of method performance varies. Unfortunately there are today
many different measures for “accuracy”. We need to agree on a common
use of the concept accuracy.



