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Defining analytical performance goals
15 years after the Stockholm Conference

Analytical performance goals

“Model 1B. Simulation studies — investigating the impact of analytical
performance of the test on the probability of clinical outcomes”

Performance criteria based on true and false
classification and clinical outcomes

Influence of analytical performance on diagnostic outcome using a
single clinical component.

Per Hyltoft Petersen

Per.Petersen@isf.uib.no

Bi-modal and uni-modal decision models

Traditional
model

. . . imodal
Decision limit Jnimode
model

Decision Point

Hyltoft Petersen P, Hgrder M. Arch Pathol Lab Med 1988; 112: 435-43
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Nondiseased Bimodal
Bi-modal model Dinsased
Parameters for 2 populations Cutoft Point

Healthy and Diseased

Theoretical example  In-Gaussian distributions

Concentrations Formula In concentrations In concentrations
Healthy | Diseased Healthy | Diseased] Healthy ] Diseased
Mean (X) 80 110 L In(X)-Y20” 4.372 4.678 4.38 4.70
CV 0.10 0.15 o | (In(CVv*1))* 0.100 0.149 0.10 0.15
5 8 16.5

p and o (mean and standard deviation of In-distribution)
c =[In(CV2+ 1)]”
When CV values are small then ¢ ~ CV (= CV%/100)
(Example CV = 0.200 then ¢ =0.198)

Formula: Fokkema et al. Clin Chem 2006;52:1602-3

Nondiseased Bimogdal
Concentrations Formula In concentrations In concentrations
Healthy | Diseased Healthy |Diseased] Healthy | Diseased Diseased
Mean (%) 80 110 u | In®-%e? 4.372 4.678 4.38 4.70
cv 0.10 015 | o | (ncv?+1)* | 0100 0.149 0.10 0.15 N P
S 8 16.5
Cutoff Point
Distributions In-scale
Probability density (Gaussian distributions)
In(concentration)
4 42 44 46 438 5 5.2

> 0.5 Frrmrer trrrrrrr Lanaanian e e e

D, Healthy Diseased Gauss 1

o 7 mean-1 = 4.38

o E

P s-1= 0.1

3 = Gauss 2

g mean-2 = 4.7

2

o s-2= 0.15

60 80 100 120 140 160180
Concentration
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Probability density (Gaussian distributions) Nondiseased Bimodal
In(concentration)
4 42 44 46 48 5 5.2 Dh“a”
2 0° ——Gauss 1
S OA T TN mean-1= 4.38 FN FP
_g, 0.3 s-1= 0.1
T‘E’u a2 — Gauss 2 Cutoff Point
.g 0.1 mean-2 = 4.7
R - e 2= 015 e . P
G D B Sensitivity and Specificity
for varying cut-off
Cumulated percentages (Sens and Spec) Sensitivity -
In(concentration) Specificity
4 42 4.4 46 4.8 5 5.2 at 4 5 - 90

. 100.0 grermrtrrmm—rrgsbrere

S E " ROC curve

% 80.0 Froresezencnes f

() E 08 Jfreccccccccncnccncnccnccnna

o =

»n  60.0 206 §ovcecananaanananacaaaaaa.

5 2 04 $ecacancaccaccncacnccaccans

> 30

3\0/ 40.0 D 02 Jecamacnnacanicanaacaaaan

2 20.0 3 00 + + + t

g 0 02 04 06 08 1

0.0 s 4 } I ] 4 1-specificity (fr)
60 80 100 120 140160180
Varying Cut-off (Concentration)

Cumulated fractionail frequency (FP and FN) Fal se p OS |t|Ve (FP) an d Fal se
¢ oae aae e s s negative (FN) in stead of
z. —=mie | Sensitivity and Specificity
% Zj —::u:soél(FN) T T
g o2 Prevalence = 0.20
R Calculation of
fraction of all
FP and FN (fraction of all)
In(concentration) Healthy
4 42 44 46 48 5 52 200
:Z‘E I A Prevalence 0.200 Dlseased
2 ------------------------- == Gauss 1: n = 200 50
-% ___________ FP ____________________________ mean-1 = 4.38
£ 1= 01 Total
-2 I 20% = Gauss 2: n = 50 250
T 0.2 ForeemeemreneaNreearaanaaan.s mean-2 = 4.7
g FN - s2= 0.15
80 100 120 140 160 180
Concentration




FP and FN (fraction of all) Nondiseased Bimodal
In(concentration)
4 4.2 4.4 4.6 4.8 5 5. Provalonce 0.200
% 10 = Gauss 1: n = 200
5 mean-1= 4.38
< 038 __si=o01 FN FP
g 06 ﬁiifzz; "a7 %
£ 04 s Cutoff Pot
weneisss | SUM Of false positive, FP
B ook SR EE S and false negative FN
®  Concewation
Cut-of =4.5 ~concn 90
FP and FN (fraction of all) Sens =
In(concentration) Spec
4.4 4.5 4.6 4.7 4.8
fam) ‘........I.........i.........i.........
© 0 E Prevalence 0.200
© ] = Gauss 1: n = 200
S 0.2 N mean-1 = 4.38
2 s-1= 0.1
S ] | =——Gauss 2:n= 50
= E A A N gl mean-2 = 4.7
T 0.1 s2= 0.15
g E —— Cut-off = 4.5
E ——Sum FP+FN
& o0.0%= F f -
80 90 100 ] 110 120
Concentration
FP and FN (fraction of all) Nondiseased Bimodal
In(concentration)
4.4 4.5 4.6 4.7 4.
SEEEL : — G 1%s %0 Diseased
5 Cut offf nliaznlz - -
% B _g‘:e:;s%z:l ;43 %
% o N —Gwaris Cutot Point
- e When cut-off is chosen
a ensmwy =
i 00 + Sum FP+FN .
® W o om Effect of bias can be
calculated
Effect of Bias, Prevalence and Sum (fraction of all) N(I)I nsu m -
6% at bias
0.30 7 F- —_8 %
= 1 Mirror image Cutoff = 4.5 —-070
© ] - Prevalence 0.200
c 4 Bias = 0
.% 0.20 Feeesemcecesannenccanann (. = (FP) -n = 200 i
g ] —(FN)-n= 50 Abscissa
£ 1 —_—
E ] SUM FP Sum FP+FN IS
T e R/ SR minat Bias = -0.08 | reversed
E 1 EN Min sum (%) = 6.0 at4.5 =
i —Bias = 0 conc. 90
0.00 A e L s e e
0.3 el “d 0 01 Effect of Bias, Prevalence
Bias (fractional) and Optimum of sum
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FP, FN or sum (fraction of all)

0.30
Cut-off = 4.5
Prevalence 0.200
%0 —(FP)-n= 200
= (FN)-n= 50
= Sum FP+FN
0.10 Min at Bias = -0.08
Min sum (%) = 6.0
= Bias = 0
0.00
-0.3 -0.2 -0.1 0 0.1

Effect of Bias, Prevalence and Sum (fraction of all)

Effect of Bias, Prevalence

Bias (fractional) and Optimum of sum

Nondiseased Bimodal
Diseased
N FP
Cutoff Point

Effect of imprecision

Imprecision
2,4and 6 %

FP, FN or sum (fraction of all)

Effect of Bias, Imprecision and Prevalence

0.30

Cut-off = 4.5
Prevalence 0.200

0.20

CVZG%X

0.10

(FP) -n= 200
(FN)-n= 50

Sum FP+FN

Min at Bias = -0.08
Min sum (%) = 6.0
CVA =0.02

Min at bias -0.09
Min sum (%) = 6.2
CVA =0.04

Min at bias -0.09

Min sum =
6% at bias
=-8%
CV=0%

Min sum =
7.7 % at
bias =
-11%

oF
- L Min sum (%) = 6.8 —
0.00 4 A | Mnsum o CV= 6%
-0.3 -0.2 -0.1 0 0.] Min at bias -0.11
. . Min sum (%) = 7.7
Bias (fractional) Bias = 0

Effect of Bias, Prevalence and Sum (fraction of all) Nondiseased Bimodal
= 030 Cutoff= 4.5
5 Prevalence 0.200 Diseased
£ 020 —(FP)-n= 200
& —(FN)-n= 50 FN FP
= = Sum FP+
g 010 ;in atF;ianN: -0.08 . Cutotf Point .
__Vinsum 9= 50 What is acceptable bias

PV when max sum =9 %

Effect of Bias, Prevalence

Bias (fractional) and Optimum of sum

When Imprecision = 0%

FP, FN or sum (fraction of all)

Effect of Bias, Imprecision and Prevalence

0.30

0.20

0.10

-0.2

0.1 0 0.
Bias (fractional)

Cut-off= 4.5
Prevalence 0.200
(FP) -n= 200
(FN)-n= 50
Sum FP+FN
Allowable Bias
-0.18 - -0.02
—— CVA =0.02 conc
Allowable Bias
-0.18 - -0.02
——— CVA =0.04 conc
Allowable Bias
-0.18 - -0.03
——— CVA = 0.06 conc
Allowable Bias
-0.17 - -0.05
Bias = 0
Acceptable
Misclassifications
9%

Bias from
-21t0 -18 %
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FP, FN or sum (fraction of all)

0.30
Cut-off = 4.5
Prevalence 0.200
%0 —(FP)-n= 200
= (FN)-n= 50
= Sum FP+FN
0.10 Min at Bias = -0.08
Min sum (%) = 6.0
= Bias = 0
0.00
-0.3 -0.2 -0.1 0 0.1

Effect of Bias, Prevalence and Sum (fraction of all)

Bias (fractional)

Effect of Bias, Prevalence
and Optimum of sum

Nondiseased Bimodal
Diseased
N FP
Cutoff Point

What is acceptable bias
when max sum =9 %

When Imprecision = 6%

Effect of Bias, Imprecision and Prevalence g%ﬁeﬁcg'gzoo B | as fro m
(FP) -n= 200 - - 0,
_ 0.30 5 (FN) -n= 50 S5to-17%
s 3 Sum FP+FN
S ] Allowable Bias ;
3 0.20 4 CvA=0.02conc | -2 t0 -18 %
£ ] Allowable Bias =
z 0.18 - -0.02 when CV=0
7 ] CVA = 0.04 conc
5 0.10 4 Allowable Bias
= -0.18 - -0.03
w 1 CVA = 0.06 conc
& ] Allowable Bias
0.00 + -0.17 - -0.05
N N . Bias = 0
0.3 0.2 0.1 0 0. Acceptable
i i Misclassifications
Bias (fractional) A
FP and FN (fraction of all) Nondiseased Bimodal
In(concentration)
4.4 4.5 4.6 4.7 4. rowal 0200
% 0.3 1} I —G‘:usseqcﬁ = 200 Dissased
5 Cut off| mealw-lz
é 0.2 FoeNgrrrerrmromeenne e —(rf‘-gffzzzﬂﬁ 50 N FP
g 1 Cutoft Point
B B NN ymeSoiy, ; i
z Shenti ok aha If either FP or FN is
o Sensitivity (%)= 91.0
w 00 y Sum FP+FN . .
o % w0 10 10 considered very different
Concentration
from the other
It is possible to give a weighting factor to either FP or FN
Group 1: WF =1 Group 1: WF=0.5
Group 2: WF =3 Group 2: WF =1
Prevalence and sum of weighted FP and FN Prevalence and sum of weighted FP and FN
In(concentration) In(concentration)
42 44 46 48 5 52 4 42 44 46 48 5 52
£ 50 Prevalence 0.200 £ Prevalence 0.200
> 40 m— Gauss 1_WF FP1 S m— Gauss 1_WF FP 0.5
< mean-1= 4.38 @ mean-1= 4.38
5 s-1= 0.1 5 s-1= 0.1
z 30 = Gauss 2 WF FN 3 z == Gauss 2 WF FN 1
L mean-2= 4.7 K mean-2= 4.7
2 20 s2= 015 3 s2= 015
o == Sum FP+FN 5] == Sum FP+FN
a Min sum = 13.0 a Min sum = 4.9
g 10 Min at 4.54 e Min at 4.56
s —— Cut-off = 4.5 H —— Cut-off = 4.5

0 t + ¥ t t

60 80
Concentration

100 120 140 160 180\Weighted FP and FN

and Optimum of sum

60 80
Concentration

100 120 140 160 180\Weighted FP and FN

and Optimum of sum
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Unimodal
Low Risk
s Uni-modal decision model
Dacision Point

Influence of Analytical Bias and Imprecision
on
Guideline-Driven Medical Decision Limits

Example:

HbAlc in diagnosis of diabetes mellitus
Decision: HbAlc above or below 48 mmol/mol (6.5 % HbAlc)
Sacks et al. Diabetes Care 2011;34:¢61-c99

Hyltoft Petersen P, Klee GG.

Influence of Analytical Bias and Imprecision on the Number of False Positive
Results Using Guideline-Driven Medical Decision Limits.

Clin Chem Acta 2014;430:1-8

Cvrg | Unimods HbAlc:

High Risk Calculations based on

Decision Point

areference interval

HbAlc reference interval for healthy

According to traditional IFCC criteria

Log-Gaussian distribution (natural logarithm)
In-mean = 1.727 and In-standard deviation = 0.053

CVyrhinesusseer = 1.94 % in IFCC units (~ In = 0.0194)

Recommended cut-off =48 mmol/mol ~In = 3.86

Jargensen et al. Scand J Clin Lab Invest 2002; 62:609-22.
Carlsen et al. Clin Chem Lab Med 2011;49:1501-7

Sacks et al. Diabetes Care 2011;34:c61-c99
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Unimodal .
Low Risk HbAlc:
High Risk
Distribution of Set-Points of Reference Individuals and
Probability of Results Above Cut-Off for one Sampling
Dacision Point HbA 1 In(mmol/mol)
> 1.0 T T T T
g 3l4 35 3.6 3.7 3.8 3.9 410
s 0.8 1
Distribution of healthy e Cut-off = 48 mmolimol
. 0.6 1
Set-po ints 2 Distribution of
& 04 1 set-Points
Proposal for harmonization of terms % 02 1
Ana-Maria Simundic et al. Clinical Chemistry &)
2015, in press: 0.0 T + +
Within-subject biological variation: ~ CV, SY & HbA, ﬁ?mol/méls <2
Between-subiject biological variation: CVg
Distribution of Set-Points of Reference Individuals and
Analytical variation: CV Probability of Results Above Cut-Off for one Sampling
‘ A HbA.., In(mmol/mol)
> 1.0 T T T T
= 0, = 314 35 3.6 3.7 3.8 3.9 410
CVwithin-sussect = 1.94 % EER
=]
. . . o Cut-off = 48 mmol/mol
Distribution of values T 05
. g Distribution of
from a person with 2 04 Set.pom/-\
[}
H 3
set-point = cut-off fma > \
L
0.0 + t u
30 35 40 45 50
HbA;., mmol/mol

Unimodal
Low Risk
High Risk
Decision Point
Frequency

HbAlc:

Distribution for a person with set-point = cut-off

Cumulated frequency (probability)

Frequency or Probability

HbAlc: Cut-off =48 mmol/mol with Frequency and
Probability due to Within-subject variation
HbAlc, In(mmol/mol)

1 — T T—t+—T— T e
3380 3.84 3.92 3.96
0.8 +
] Cut-off" propability of
0.6 + being measured

o
N
]

=
N
!

above cut-off

o
1

frequency
cumulated
Cut-off

45 46 47 48
HbAlc, mmol/mol

49 50 51 52
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Low Risk Unimodel HbAlc:

— Distribution for a person with set-point = cut-off

Dacision Point
Effect of one and two samplings

HbAlc: Cut-off =48 mmol/mol with Probability for
one and two samplings

HbAlc, In(mmol/mol)

1 : .
34 3.92 3.9
0.8 T —— One sampling
> .
= 064 —— Two samplings
= ] —— Cut-off
S 041 .
a Two samplings
0.2 1
0- ——1—
45 46 47 48 49 50 51 52
HbAlc, mmol/mol
owrak T HbAlc:
High Risk . . . .
Distribution for two samplings
Dacision Point
Effect of imprecision: 2 % and 4 %
HbAlc: Cut-off = 48 mmol/mol with Probability for
two Samplings with Imprecision =0,2 and 4 %
HbAlc, In(mmol/mol)
1 ——t—————+— -
3.80 3.84 3.88 .96
- 08 1 Cut-off —— Imprecision 0%
g 0.6 4 0 % 4 % ———Imprecision 2%
'% ] Imprecision —— Imprecision 4%
'g 04 1 Unbiased Cut-off
D_ 4
02+
0— ————

45 46 47 48 49 50 51 52
HbAlc, mmol/mol
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Low Risk Unimodel HbAlc:

High Risk i . . .
Distribution for two samplings
Dacision Point

Effect of Bias The effect of positive bias is like
moving the cut-off to the left

HbAlc: Apparant Cut-off with Probability for varying bias
+ 4 % and Imprecision 0 % for two Samplings

1 —t -
380 3.84 .P6
0.8
Apparant Cu b Unbiased
> Bias = + 4 % ias=-4% :
= 06 + 4 %bias
% — - 4 % bias
o
S 04 Cut-off
o
0.2

45 46 47 48 49 50 51 52
HbAlc, mmol/mol

Low Risk Unimodal HbAlC

High Risk

Decision Point Distribution of Set-Points of Reference Individuals and
ision Probability of Results Above Cut-Off for one Sampling

HbA ;. In(mmol/mol)

> 1.0 T
= 3l4 3.5 3.6 3.7 3.8 3.9 410
o ) § 038 1
Distribution of healthy g s Cut-off = 48 mmolimol
Set-points i . Distribution of
© 0.4 1 Sset-Points
g
T 021
T
0.0 t + + +
. 30 35 40 45 50
One sampling HbA., mmol/mol

Distribution of Set-Points of Reference Individuals and
CVWlTH IN-SUBJECT = l . 94 % Probability of Results Above Cut-Off for one Sampling
HbA ;. In(mmol/mol)

L L

> 10 S
Probab|||ty for a person 5 0 35 36 37 as 3y ap
with Set-point = cut-off g oo ] Cut-off = 48 mmolimol
to be measured above 2 04 ] thﬁ';ifg;‘;;_\zmb#w f/
cut-off e >
i
0.0 } + ] "
30 35 50

40 45
HbA;., mmol/mol
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HbAlc:

Distribution of set-points

Unimodal
Low Risk
High Risk
Dacision Point

Cumulated frequency (probability functions)

One sampling

Distribution of Set-Points of Reference Individuals and
Probability of Results Above Cut-Off for one Sampling

HbA ;. In(mmol/mol)

10 T T 1 1 T 1 T 1 T 1, . . . .
2 —— Set-point distribution
Z 08 34 35 36 37 38 M e Ct-0ff = 3.86 = 48
3 . Cut-off = 48 mmol/mol — CVAnalytical = 0 %
06 Increasing —— CVAnalytical = 1 %
T imprecision —— CVAnalytical = 2 %
4 Distribution of Set-
D 0to5% ial =
204 + Prob of || = CVAnalytical = 3 %
2 ]
5 Points Scut-off|| —— CVAnalytical = 4 %
802 r —— CVAnalytical = 5 %
- . . . . Mean = 3.63 =38
0.0 L L e CVBetween = 8.38%
30 35 40 45 50 CVWithin = 1.94%
HbA:;., mmol/mol Bias % = 0.0
Low Risk Unimodal HbAlC
High Risk . . . .
Distribution of set-points
Decision Point
Cumulated frequency (probability functions)
One sampling
Distribution of Set-Points of Reference Individuals and NOW We take a Sample
Probability of Results Above Cut-Off for one Sampling . . .
o o i) - within a small interval of
Soedt 35 36 31 38 P p—pti iy healthy set-points
S  cvermermmlf || —ommnee o
i . Dis!ribulionofSet-¢ —— CVAnalytical = 2 % and mU|t|p|y Wlth the
£ roms Nl ol — Ve § robability of these set-
go.z ] Zoueotl | CVAnalytical = 5 % Y - y
00 — ; CBetwamn= 5396 points exceed the cut-off
30 35 40 45 50 C_\/Within: 1.94%
MDA, mimolmel Bias %= 00 to get the FP for healthy
1o Bl anvaning mpracsion for ns Sampling with this set-point
0.0005 'HbA,c'In(rT\rm'IlmI) . )
0oo0a Yt 35 36 37 38 B9 4 :2‘\/[/-\0;;;?5:?::04; and by repeatlng the
Boooos § 0o e process for all intervals
EXS :32::5::5::%3;‘; we get the distribution of
00001 Zaning imprecision Y origins of set-points of FP
0.0000 + + CVBetween = 8.38%
30 35 40 45 50 CvWithin = 1.94%
HbA,,mmol/mol Bias % = 0.0

01/12/14
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Unimodal
Low Risk
High Risk
Dacision Point

Varying imprecision and bias
One and two samplings

HbAlc:

Origin of set-points for healthy
individuals measured above 48 mmol/mol
(healthy diagnosed as diabetics)

Origin of set-Points Measured Above Cut-Off for
On e Sam I I n no Bias and Varying Imprecision for one Sampling
p g HbA ;¢ In(mmol/mol)
0.0005 T T T
H — 0 m— Cut-off =3.86 =48
B 1as = 0 A) 0_00()4‘?4 35 36 37 38 po 4(___ CVAnalytical = 0 %
> Cut-off = 48 mmol/mol —— CVAnalytical = 1 %
£0.0003 F —— CVAnalytical = 2 %
= ——— CVAnalytical = 3 %
£0.0002 1= 2 %
On e Sam p I | n g [ Origin of Set-Points for gﬁna:;/:!ca| - s u/” T S | .
0.0001 Jvarying imprecision nalytical = 5 %
ing imp Mean = 3.63 =38 Wo a'mp Ings
. 0.0000 t + f + CVBetw een = 8.38% .
Bias=+4% 30 35 40 45 50 CVWithin = 1.94% Bias=+4%
HbA;,mmol/mol Bias % = 0.0
Origin of set-Points Measured Above Cut-Off for Origin of set-Points Measured Above Cut-Off for
Bias = + 4 % and Varying Imprecision for one sampling Bias = + 4 % and Varying Imprecision for two samplings
HbAc In(mmolimg) 0.00050 oA Xin(rrrmolim N
0.0005 1 T TR ERTE) —— Cut-off =3.83 =46.1
g4 35 36 37 38 39 4 toff 23.83 =46.1 | s YP 35 36 37 38 39 40 yanaytical= 0 %
0.0004 if —— CvAnalytical = 0 % > —— CVAnalytical = 1 %
> E Appérantcut;o —— CvAnalytical = 1 % (2 100 ] Apparant Cut-off e >
£0.0003 for Bias = +4 %, —— CvAnalytical= 2 % |3 for Bias = +4 % - CC:,/AHB:WCB: = ; Zﬂ
=i 1. . o ——— CVAnalytical = o
=y 4 Origin of Set-Points for —— CVAnalytical = 3 % |5 9po20 .
£0-0002 Fgiag =+ 496 and —— CVAnalytical= 4 % |- Origin of Set-Points — CvAnalytical = 4 %
0.0001 Jvarying imprecision ——CVAnalytical= 5 % | 0.00010 for Bias = +4 % and —— CVAnalytical = 5 %
) Jand bias = +4 % Mean = 3.63 =38 varying imprecision Mean = 3.63 =38
0.0000 = } t 4 t CVBetw een = 8.38% CVBetw een = 8.38%
CVWithin = 1.94% CVWithin = 1.94%
30 35 40 45 50 40 45 50
HbAlc mmol/mol Bias % =+4 ?'ﬁ)Alc mmol/mol Bias % =+ 4
Unimodal .
Low Risk C .
High Risk
Decision Point Percentage of healthy individuals measured

> 48 mmol/mol false positive diabetics
as function of bias % for varying percentages

Influence of Bias and Imprecision on Percentage Reference
Individuals w ith HbA1c = 48 mmol/mol in one Sample

o

i

Percentage FP
N

2 0 2 8 10
Bias %

Influence of Bias and Imprecision on Percentage Reference
Individuals w ith HbA1c 2 48 mmol/mol in tw o Samples

o

——CVA% =0
Bias = 0%

i

Percentage FP
N

0 t u —CVA% =10

-10 -8 6 -4 -2 0 2 4 6
Bias %

of imprecision

For one sampling

For two samplings

The effect of two samplings

= 48 mmol/mol is a considerable
reduction of false positive due to
imprecision and a moderate
reduction of the bias effect

01/12/14
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Unimodal
Low Risk
High Risk
Dacision Point

HbAlc:

What are the recommended quality specifications from
Sacks et al. Clin Chem 2011;57:793-8

Desirable specifications for HbAlc measurement are an
intralaboratory CV < 2% and an interlaboratory CV < 3.5 %

The CV 3.5 % DCCT units corresponds to 5.2 % at 48
mmol/mol in IFCC units, and reduced by the 2 %, the final
allowable bias is from £ 9 % at a 95 % interval

and false positives could be from 0 to 2.8 %

Percentage FP

Influence of Bias and Imprecision on Percentage Reference
Individuals with HbA1c = 48 mmol/mol in tw o Samples

o

—CVA %
Bias = 0% —CQVA %
—CVA %
—CVA %
—CVA %

CVA %

CVA %
—CVA %
—CVA %

o

N

, ©

0
1
2
3
4
5
6
7
8

—CVA% =9
——CVA% =10

CV(DCCT)x X(DCCT)x10.93

CV(IFCC)=———— -
X(DCCT)x10.93—23.52

Personal information from
Thomas Rgraas and Sverre Sandberg,
NOKLUS, Bergen, Norway

Unimodal
Low Risk
High Risk
Dacision Point

Cholesterol:

There is no reference interval for Cholesterol due to the strict

decision limit of 6.2 mmol/L

But arange for the total population can be estimated

95 % limits 150-275 mg/dL = 3.89-7.12 mmol/L

Log-Gaussian distribution (natural logarithm)

CViora =15.2 % ~ In = 0.152
CVyirhin-sussect = 6.0 % ~ In = 0.060
CVaerweensusieer = 13.9 % ~ In = 0.139

20

200 maHL
Y

o
=

3

Nurrhar of patiants
8

B

i

1
d 1
P i
] 1
v !
[ {1 H
1 Al 1

50 W 1% w00 250 300 250
Chosstarol, ngidl

Recommended cut-off = 6.2 mmol/L ~In = 1.825

Klee et al. Scand J Clin Lab Invest 1999;59:509
Ricos et al. Scand J Clin Lab Invest 1999;59:491

01/12/14
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One sampling

owmisk T Cholesterol:
— Distribution for persons with set-points below 6.2 mmol/L
Dacision Point

No one above 6.2, due to the definition

Cumulated frequency (probability functions)

Distribution of Set-Points of Low Risk Individuals and
Probability of Results Above Cut-Off - No Bias

In(cholesterol)

> 1.0 i ! Set-point distribution
= 3 14 15 16 1.7 1.8 f—Cut-off =18262 =6.21
ks 0.8 + CVAnalytical = 0 %
o ] "Cut-off" = 6.21 mmol/L CVAnalytical = 2 %
o o6 31 CVAnalytical = 4 %
S i CVAnalytical = 6 %
— 7 Distribution of Low \ CVAnalytical = 8 %
% 04 + Risk Set-Point Probability of CVAnilytical_: 0 %
5 ] >cut-off Mean = 166 =5
g 02 + CVBetween= 13.90%
II ] CVWithin= 6.00%
- Bias %=0.0
0.0 t =4 - Ranaanaay }
4.0 50 6.0 7.0 8.0
Cholesterol, mmol/L
owrs Cholesterol:
High Risk .
Percentage of false positive
Decision Point

As function of bias % for varying percentages
of imprecision

Percentage FP

[y
o

=
S}

-10 8 6 -4 -2 0 2 4 6 8 10

NN
o o

o o

Influence of Bias and Imprecision on Percentage Low Risk
Individuals w ith Cholesterol above 6.2 mmol/L for one Sample

For one sampling
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Influence of Bias and Imprecision on Percentage of Low Risk
Individuals w ith Cholesterol above 6.2 mmol/L, tw 0 Samples

For two samplings
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Low Risk Unimodal Cholesterol:
High Risk
Decision Point

Effect of imprecision is negligible for all CV %
Effect of bias:

Approximate doubling of false positive for ABias = +2 %

e.g. from 1.21 to 2.36 % for bias from 0 to +2 %

What are the requirements from CLIA 88
* 10 % which means from 0 to 12 % false positive

Percentage FP
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Conclusions:

Analytical performance goals

“Model 1 B. Simulation studies — investigating the
impact of analytical performance of the test on the
probability of clinical outcomes”

is a reliable method for estimation of analytical quality
requirements for diagnostic

The effect of two samplings for diagnosis reduces the effect
of imprecision considerably and decreases the effect of bias
moderately

EFLM must be involved in estimation of analytical quality
requirements for Clinical Guidelines with

“Guideline-Driven Medical Decision Limits”
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