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Fig. 1. Summary of the main goals of measurement uncertainty. 3
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DIPARTIMENTO STRUTTURALE MEDICINA DI LABORATORIO DIPARTIMENTO STRUTTURALE MEDICINA DI LABORATORIO @ .

LLO.C. Mecticina i Laboratoria LL0.C. Medicina df Labaratorio |=] =

P-Potassium (SGQ IS0 9001:2008) O ctatte vt st
Direttore: Prot, Mario Plebani tievmom : Prol. Mario Piebani
tctaf error < 5% - JIRSY Y ULSS6
T E 37 L 34 45 38 wenr

5-CEA *51,3 L 00 - 50 0. 50T
16,8 it o- 170 Vislasions 0 vs precedante 265 4 {Bgritcaiv » 40.6%] J

P-Total bilirubin P-BILIRUBINA CONIUGATA "9 wet 00 - B SOATE S N

P-BILIRUBINA NON CONIUGATA 50 umoid 34 - 137
total emor < T18.5%
Fig. 2. Example of reporting of Total Ercor (TE) in medical report.
# Pl g e RCV S-CEA ‘513 pgll 00 - 50 70.1 (05 Sept2017)
Varation (%) vs previous result 268 % {significant variation > 40.6%)

Fig. 3. Example of reporting of reference change value (RCV) in medical repont, Significant variation (as %) indicates the RCV,
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ANALYTE hCG Alkaline P F Albumin
l ’% MEASURAND Serum/plasma intact BhCG,  Serum/plasma total Serum/plasma /urine  Serum/plasmalurine concentration
BhCG subunit concentration  alkaline phosphatase concentration
> R X B AR LR F activity concentration ﬁ;ﬂsp&:‘;;;;:ﬂ)
* MNEMONIC BhCG ALP K ALB
REBARREEE TEST PRINCIPLE 2 sita sa:_dr\r\ch PNPP{AMP \J'alimn_myciln ion- Bmmm:n;so\ purtpla dye-hinding
LB 'A\‘y_".—éﬁ Py EE TS T3 4 microparticle immunoassay selective electrode spectrophotometry
- 2. ACV3R % UNITS i uiL mmaoliL all
A .
e 3REEEE BARKRE A <1/3TE, REFERENCE <5IUL - non-pregnant  30-110UL - acult Plasma In-patient;  31-44 giL
& 4.8 3T VALUES (Adults) adult 3.2-4.3 mmolL Out-patient:  33-46 g/l
: * see handbook for =25 |U/L - consistent with Serum:
% /;‘J paediatric values pregnancy 3.5-5.0 mmoliL
i 5 2 e fmg
T th LA SH 15 TEST For use in normal None reported Haemolysed Grossly haemolysed specimens
\ 5 PR g — LIMITATIONS pregnancy only. Not to be specimens

B E » RW/EIE  REFE—FCVIE used as a sole criterion for
L 3 o EBRRALE REFE—F & the diagnosis/management
i 7 . of trophablastic or non-
;’I" o AT Z CV, trophoblastic tumours,

‘, CLINICALLY Heterophilic antibodies; None reported EDTA None reported

SIGNIFICANT Muring antibodies used for
1B SR T A L INTERFERENCES  imaging/therapy.
, i Clin Biochem RevVol 25 Suppl (ii) November 2004 | S1
A A 4 il TAF-CNLA-G40(2)




Table 1

Quantity
intended 0
be measured

Examples of measurand definition

Kind-of-quantiry

SHAEEE SN -AtEEE S

Sodium Venous Amount of substance mmol/L. Flame phorometry
plasma concentration
Calcium ion Arterial whole | Amount of.’ substance mmol(L lon-selective electrode ANALYTE . Alkaling P e Albumin
s blood concentranion
Creatine kinase | Serum Mt concentration g/l two-site immunoassay CALIBRATOR WHO 37 IS 75/537 — IFCC manual method, Gravimetry of analytical grade 470 Certified Reference Material
f TRACEABILITY calibrator values (IL/L): 1983 K sall. (CRM), European
MB 0, 75, 250, 500, 1,000
Calibrator value: Low calibrator: Calibrator value:
Crearine kinase | Serum Activiry concentration | mIU/L ar Immune-inhibirion Uncertainty data not 224+ 503 UL 3,00+ 0,02 mmaliL 382+072g/L
MB 370 ided by (95% (85% confidenca)
r = . o " Diata from manufacturer High calibrator: Data from manufacturer
FMR1 gene Genomic DNA | Number of CCG Capillary 7.00 + 0.05 mmaliL
repeats in the FMR1 electrophoresis (95% canfidence)
gene Data from manufacturar
y Ml 15 1S ANALYTICAL Maan 4.5% NiA 7Y MiA
Chromosome 21 | Cell .’flumbcf of FISH FISH BlAS Cyela 21, QAP Endocrine.
signals for chromosome
| P""I"’ per cell UNCERTAINTY OF Internal QC data for: Internal QC data for: Internal QC data for : Internal QC data for:
© ) - MEASUREMENT 101104 - 20007/04 101704 - 20007104 1101104 - 20007704 0104 - 20007/04
Haemoéobm Venous whole | Mass concentration gL Specl:ropllummcrry
blood QC Mean QC Mean QC Mean QcC Mean
ar e , - x GOIUL:  SD: 047IUL  BTUL:  SDo126UL 42mmoll: SD: 0.04 mmoll 26.7 g/l SD: D529
White cell count | Urine Number concentration | White cells Mlumscupy CV: B.2% CV: 1.45% oV 1.06% CV: 1.95%
of white cells in urine | per volume 22010 SO 12 IWL 352U SDp 34 UL 6.2 mmollL: SD: 0.05mmoll 384gl:  SD: 0.67gl
P - = o CV: 5.4% CV: 0.87% CV: 0.B6% CV: 1.75%
Prolactin/ Serum Mass concentration pgL [Wo-Site iImmunoassay 1754 |UIL: SD BY UL
macroprolactin CV: 47%
Rubella 1gG Serum Rubella IgG + cross- Arbitrary Immunoassay
i | reacting IgGs units, IU/L |
Gentamicin Serum Trough mg/L-trough mg/L Immuneassay
{8 hours post-dose) 3 . "
P Clin Biochem Rev Vol 25 Suppl (ii) November 2004 | S1
Requirements for the Estimation of Measurement Uncertainty, 2007ed 9 10

The role of external quality assessment in the verification of in vitro medical
diagnostics in the traceability era

REMERNAMEEE

Federica Braga', Sara Pasqualetti, Mauro Panteghini

Research Centre for Metralogical Tracealility in Luhoratory Medicine (CIRME), University of Milan, Milan, Jialy
2 3 - Refe
MU specifications of higher order references defined by intended use... ': at:il:;: Clinical Biochemistry 57 (2018) 23-28
I Abbott Architect c series
[ =] Creatinine enzymatic assay (code no. 8L24)
..intended use is the trueness transfer to commercial calibrators... l:ailhlat;:' Multigent Clin Chem Calibrator (code no. 6K30)
[
a »
% I e OB Dol NISTSAM 9148
..the MU specifications of reference materials/calibrators are defined g Clinical Wil
by the performance specifications of the MU on clinical samples. samples Lt 1.06% mn m
Measurement || ¥ m“'mm Manutacturer's
Fig. 3. Defining the suitability of the measurement uncertainty (MU) of higher order I irty iz (ot + o)V 1.29% /I e
references by turning the approach upside down, focusing first on the established per- Buddet i
formance specifications for MU of clinical samples. Cv=0.8% ' Commertial
Wrdbvidual lab Systam
Clinical Biochemistry 57 (2018) 3-6 e s 1.52%
Patlent resurit
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ANALYTE hCG Alkaline Phosphatase Potassium Albumin
ANALYTICAL GOAL GV, <5% at 25 UL CV = 6.4% CV = 4.8% CVi=31%
(Westgard website) (Westgard website) (Westgard website)
Clinical requirement
Desirable: < 0.5 CV, = <3.2% Desirable; Desirable: < 0.5 CV) = <1.6%
< 0.5 CW,=<2.4%
CV, 5.4% at QC mean 22 UL 1.45% at QC mean 87 U/L 1.06% at QC mean 1.75% at QC mean 38.4 gL
4.2 mmalL
FIT FOR PURPOSE Borderline acceptable Acceptable Acceptable Borderling unacceptable;
assess relative QAP
performance
REPORTABLE <20 1UL: 1 UL < 300 UL UL =10 mmoWL: 0.1 mmolll  20-50 giL: 1l
INTERVALS
(Approximately 50% 20-100 1L 2 UL = 300 UIL: 5UL
confidence -
see Reference 8) =1000 Wik 100 WL
ESTIMATION OF +2IUML at 25 UL + 3 UIL for normal values + 0.1 mmol/L =15agl
UNCERTAINTY OF + 10% at =1,000 /L +10 UL at 500 L/L
MEASUREMENT FOR

CLIENT INFORMATION

Clin Biochem RevVol 25 Suppl (ii) November 2004 | S1
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=2 & on & H 1% (Quality goals) TEagYHlE
- mEMNER : « SMNERBE DRI BR
« &{E(minimum): conformance to requirements * PT (proficiency testing)
- &5 (maximum): demonstration of competency * EQA (external quality assessment)
- BRERINR
-mBBIR : UAERE «B2X - [RABENER
* Allowable total error (ATE - FDA) - BRI BZREH (Biological
« Total error allowable (TEa - CLSI EP21) variability goal-setting models)
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FTYBEEERKRERET (1)

Quality goals in external quality assessment are best
based on biology

Scand J Clin Lab Invest 1993; 53 suppl. 212. Chapter |. Quality planning
C. G. FRASER & P. HYLTOFT PETERSEN

ENERUMNEE :
. CV; ERRREE
. OV, EREEE

s ERADMEE :
« Allowable analytical CV (CV,) IBH S ITERE
=0.5x CV,
« Allowable analytical bias (Bias,) AIAF 2R =

= 0.25 X \/CVZ + CVg?

E%%Eﬁ%%% EHETL (2)
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Measurement Data ]
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Random Error I 1 Systematic Error
(SD, cv) [ [ (Bias )
] ]
1 31
A v
Mean- -5 True Value ['[ [T

(e ERsiEy)
« Allowable biologic total error (TEa,) I &4
E‘"@nvb\nbj?z
= Bias, +1.65 x CV,

0.25 X \/CVZ + CVgZ + 1.65 x 0.5 x CV,

17 18
2—‘-2 =42 IS 2"'2 =22 NN
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Note on abbreviations:
CV| = within-subject biologic variation R )
CVg = between-subject biologic variation Desirable Analytical Quality Specifications for Imprecision, Bias and Total Error Upon Biological Variation
| = desirable specification for imprecision The following values are provided as a service to Bio-Rad Customers and are based upon desirable performance. The values are
= i iFinati 5 derived from Ricos C, Alvarez V. Cava F. Gardia-Lano JV, Hermandez A Jimenez CV, Minincheda J, Perich C. Simon M. "Cumrent
B dESIr?ble sPECIchatI‘?n for inaccuracy databases on biclogic variation: pros, cons and progress” Scand J Clin Lab Invest 1999,55:491-500. These values are updaied/
TE = desirable specification for allowable total error modified with the most recent specifications made availlable in 2014, *(denotes updated values)
Number Biological Desirable 5 = serum; U = urine; P = plasma; B = blood
Analyte of Variation specification CV_ = within-subject biological variation; CV, = between-subject biological variation; Imp = mprecision; TE, = fotal allowable emor
Papers |CV) cvg (%) |B(%) |TE(%)
3- 11-Desoxycortisol 2 213 31.5 10.7 9.5 271
s- 17-Hydroxyprogesterone 2 196 50.4 9.8 135 (297
U- 4-hydroxy-3-methoximandelate (VIMA) 1 222 47.0 111 13.0 (313
s- 5' Nuclectidase 2 232|199 |16 [76 [28.8 S | N-Deoxyconisol 213 |35 |07 9.5 27 343
u- 5'Hydroxyindolacetate, concentration 1 203 |32 |02 |e7 |5 3| iRk RyRGEstong 190 W4 195 Lo o) il
- U | 5-HIAA concentration, 24 h 203 332 102 87 265 334
S- a1-Acid Glycoprotein 3 1.3 24.9 5.7 6.6 16.2 5 | SNucticotidase 232 199 16 75 268 a7
S- al-Antichymotrypsin 1 135 [183 |68 |57  [168 S | al-Acid giycoprolein 13 |28 |57 58 162 200
S- a1-Antitrypsin 3 5.9 16.3 3.0 4.3 9.2 S | al-Antitrypsin 59 16.3 30 43 92 112
s- a1-Globuling 2 14  |226 |57 |63 157 S | a1-Globulin LU 2 63 15.7 198
U- w1-Microglobulin, concentration, first moming |1 330 |580 |165 |167 |43.9 $ | o2 Slobulios 103 [127 |52 44 L D
. U | al-Microgiobulin 330 58.0 16.5 167 438 55.1
P u2-Antiplasmin ! 52 W 31 W - S | a2-Macroglobulin 34 187 17 48 76 87
S- o2-Globulins 2 10.3 127 |52 4.1 126 P | a-Aminobutyric Acid (AABA) 247 323 12.4 102 305 389
3- a2-Macroalobulin 4 34 18.7 1.7 475 7.56 5 | o-Amylase BT 283 44 T4 146 175
https://www.westgard.com/biodatabasel.htm 19 http://www.qcnet.com/Portals/0/PDFs/BVValuesiFinal.pdf 20
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CLIA '88 PROFICIENCY TESTING LIMITS

ANALYTE CLIA PROFICIENCY LIMI e H

L Ll ¥ EiR Bias, CV,
Alcohol, Blood + 25%
Alanine Aminotransferase (ALT/SGPT) + 20% . e
S Burin T Minimal | 0.375 x ,/CV2+ CVvg? 1.65 x[0.75 x CV;
Alkaline Phosphatase + 30%
Alpha-1 Antitrypsin Target value + 3 SD Desirable | 0.25x,/Cv2+Cvg? 1.65x0.5x CV,
Alpha-Fetoprotein (Tumor Marker) AFP Target value £ 3 SD
Amylase + 30% o
Antinuclear Antibody Target value + 2 dilutions or positive/ negative O ptl mum | 0.125 x Y} CVi2 + Cng 165 x10.25 X CV|
Antistreptolysin 0 Target value + 2 dilutions or positive/ negative
Anti-Human Immunodeficiency Virus Reactive or nonreactive
Aspartate Aminotrasnferase (AST/SGOT) + 20%
Bilirubin, Total Target value £ 20% or = 0.4 mg/dl (greater)
Calcium, Total Target value + 1.0 mg/dl.
Carbamazepine + 25%

21
= A AEEERRELCERI(1)-HbAL S A EEERARELEEA(1)-Hb
N = = _ N = = = _ H A 1
= Al EEKER mn =5 |( ) C { AE = tn =5 |( ) C
T Fha i ia A ‘ TAIHBFTA ¢
Measurand Concentration of HbA I¢ in Whole blood b R UL CE E
Fi 0% 1QC:2013/1/2-2013/7/27 Level 1 Level 2
;‘_1?;‘ e Lot No. AB2010 AB2010
Method Cation —Exchange HPLC method ﬂi fﬁ 213 213
fEH & e o 3 T
D TOSOH HLC-T23 G8 Vanant Analysis Mode -t::gﬁ 497 9.89
P - e = _ﬁo. il eau
& f_*r./T- &T“& From ADA: Diabetes Control and Con wreE 0.062 0.084
! i (DCCT) 11 Quality G‘-‘ﬁlﬂll"e ¥ Standard deviation T )
Ta & Tk IE
c'“::;“;;’;;‘;;lj;ir}' *5‘5"’"]( 128 iD(C Tl* fbh — T_ : ERAHERHN
2 o T e A R S R MAREF MR TR G —_—
16 45 AP - A4 B F M § TSLM Accuracy-based e o )
Bias PT #k £ 3144 » (note: 5 7 B CRM R 3165 AESBEREER 12% 08%
e B " _ Yea. CV % 29 .
Reported value SRR Mt B RREE A =30 <39
ke 4.0%-6.0 % Targeru<3% L e
Reference values ) ) PEARR (1.2%<3%) (0.8 % < 3 %)
1.Pre-diabetes HbAlc 5.7%-6.4%. Fit for HosdcE 2 & foik
S R BT A 2 Criteria for the diagnosis of DM HbAlc =6.5 % [0 puipese Lk
Clinical decision level | 3.Target for treatment i diabetics <7% .
4.Change of therapy i diabetes =5% | TAF-CNLA-G40(2)

TAF-CNLA-G40(2) 2




AAEEERKES (1) HbAlc

= 1l AEEERIR E1§J(2) PSA

& M do il SR PE AR A R AL HLR R R
H bAlC AR "%Nunl:l % 6 3% Measurand Concentration of PSA in senun
F
#iQC Level 1 (mean = 4.97) 2 PSA. ng/ml
- WARRREE U=kx u=2x0.06% = 0.12% = ik CarAMEARE
. ﬁEiTﬁl_t . !\;;ﬂ:l)d Two-site enzyme-linked immunosorbent assay
=1aI\y . A "
o Drocatus PSA Test
1. 63+01% . —
2. 6.3% (62~64%) BREFSHER From Westgard - Biological Variation Walues
Targetu Desirable Biological Varianon Database specifications
CV;
- HLE H 2k ) ; i it
o= & ES _ scess Hy ) PS alibrators prEN ISO 17
= H bAlC 5 Ean %E% — 83% Calibrator raceabiliy | Y6¢€ss Hybritech PSA Calibrators prEN 1SO 17511
3 HLIE 4 F B E T
« #3QC Level 2 (mean = 9.89) i i
® TE?EIEE%EE U=kx u=2x0.08% =0.16% = 0.2% R:::j;::!xﬁue ng/ml o) #I5F &
< B|RE % P
'R. t . 74 I 5 " =
1. 83+02% eference values
2. 83% (8.1~8.5%) TAF-CNLA-G40(2)
25
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TS EZDFNER M
SHEWIESROUA

E,EJKEE TE B2 R E S0 EEER RS FI(2)-PSA

T23EFH N

tﬁfgiﬁ : Boew Ry Rdb Bk
RS Vi QUC:2013/1/1-2013/6/30 Level 1 Level 2 Level 3
A HE i R —
‘l e QC 19951 QC 19952 QC 19953
— > EANEIERHEAAT R
* - ”‘“fP 184 180 181
Fih 3
REBRARHEEE Mean 0.121 391 16.1
1L 0 32 0 4 A 0 0 R BE R R s 0.0207 0.306 L181
2.2 CViz & -» Desirable CVa= 0.5 CVi Standard deviation e -
3R K B AR A A< 13 TE,
4877 v FMAETAHY
PPN mﬁma#wr¢ma 0.02 031 1.18
> RW/FBIE D REEE—FCVIE fﬂ“*ﬂ“*(tf‘*w 17.10% 783 % 734 %
PR R LR REFE AN ﬂ%kq*a
WA Z CV Target v=9.1% it v lt Poy 20022 <071 291
+ FlEkRr (0.02 < 0.022) (0.31 <0.71) (L18=291)
= Fit for purpose e fdcE B S d 18 &SI H 1R
L= I L
’{ \‘ TAF-CNLA-G40(2)
TS Al A Sl TAF-CNLA-G40(2)
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TEST RESULT | TEST RESULT | TESTRESULT TEST RESULT
L+ o MU ‘—l_‘ hu . Mu
LRL U‘RL . . LRL . U‘RL
LRL URL LRL URL 3 &
) T — . Distribution of reference values Distribution of reference values
Clinical Biochemistry 57 (2018) 41-47 Clinical Biochemistry 57 (2018) 41-47
29 30
= = 3 = F & =
SR RETEE R - 0 R e B AR E B(2)-PSA
mREEESEZERBI
- EPSAERAER=4.80 ng/mL - EEEMNBEEE
TEST RESULT TEST RESULT RORZEAE(>4.00 ng/mL) ?
"l"‘“‘” 1 « I QC Level 2 (mean = 3.91)
' s BRAMEEEU=kx u=2x0.31=0.62
H H « MEE
1. 4.8+0.62ng/mL
2. 48ng/mL (4.18~5.42 ng/mL)
i + = = -Eg%@%%%@%%%%ﬁ’@%Mﬁ—i%ﬁ
Clinical Biochemistry 57 (2018) 41-47
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Reference Change Value (RCV)
£Z8bE
- EFRISH

. %@E’ﬂ‘ﬂ miREMAEEERGRE
Bl EEEEREL

. ch = CV,2 + CV2 > CV;=+CV,Z + CVI2
«95%ER - k=1.96 > kx CV;

- M A SZBE(EE(RCV)
= kx CV,Z+ CVIZ+ CV,Z + CVI?
=2 x 1.96 x +/CV,2 + CVI2
= 2.77 x VCV,Z + CVI2
(BRENBFREEEZESR - Delta check criteria)

33

RCVER R Z A&

- —BEMERE fEHuPSA wHIER3.8 g/
WmEER4. 2 g/L - BEPSAAIZERGE
FH 2 (B4 u,e/ 5%)
SHES(LE ; 42-3.8=04pg/L
SE#(EE ; 0.4/3.8 x 100% = 10.5%

34

RCV R R 25l f& H

sTEE(EE : 42-3.8=04pg/L
STEE(ER 1 04/3.8 x 100% 10.5%
® |__| 1 1% %}:ECVAH_J‘ ’ CV| O

o IBRS - RCV = 2.77 x\/CV,% + CVI?
=2.77 x 5% = 13.85% = 13.9%
« A10.5% < 13.9% - #EEEE L7 -
(ZP&ELEA3.8x13.9% =0.53 pg/L)

* O HRERERNEZNZE—2EE
REARIIRIT

35

RCV R R 25l & F

SHE#(LE 1 42-38=04ug/L
B E{E  04/3.8 x 100% 2 10.5%

® |§_|_1EIE% ’ EH?%EE.;EEACVA N CV|HTJ' (CV| 214%)
o IEFF - RCV = 2.77 x \/CV,Z + CVIZ

= 2.77 X \/(5%)? + (14%)>
=277 x14.87% =41.2%

« H10.5% <41.2% - =EE L7+ -

(BVELFA3.8%x41.2% = 1.56 pg/L)
* o] AR R E B S 289K
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- BEER =TSN AEEE S FEBI(TAF-
CNLA-G40(2))

« Requirements for the Estimation of
Measurement Uncertainty, National
Pathology Accreditation Advisory Council.
2007ed

« Measurement Good Practice Guide No. 11
(Issue 2): A Beginner’ s Guide to Uncertainty
of Measurement. National Physical
Laboratory

Pl
i
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« Uncertainty of Measurement in Quantitative
Medical Testing - A Laboratory
Implementation Guide -, C/in Biochem Rev
Vol 25 Suppl (i) November 2004 | S1
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