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International System of Units (SI)

SI Base Units Sl Prefixes
Base Quantity Name Symbol Factor Name Symbol Numerical Value
Length meter m 102 tera T 1 000 000 000 000
Mass kilogram kg 10° giga G 1000 000 000
Time second s 108 mega M 1 000 000
Electric current ampere A 108 kilo k 1000
Temperature kelvin K 102 hecto h 100
Amount of substance  mole mol 10 deka da 10
Luminous intensity candela cd 107 deci d 0.1
. . 102 centi c 0.01
Sl Derived Units Fiadariosk 10-2 milli m 0.001
; . quivalen 108 micro 0.000 001
2:;;‘;‘:&“"“” - S 10° mmo  n 0000000001
10712 ico 0.000 000 000 001
Force newton N mkgs? w P
Pressure pascal Pa N/m2 B etk 9
Energy joule J N'm
Power watt w JIs
Electric charge coulomb c sA
Electric potential volt v W/A F!:,L“,,,ﬂ =
Electric resistance  ohm Q V/A S —

- 250 P S, 8 g v
K Fre

]

Celsius temperature degree Celsius °
“Unit degrea Celclus s equal In magnitude to anit INMII:
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https://opentextbc.ca/chemistry/chapter/measurement-uncertainty-accuracy-and-precision/
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‘Measure thrice, cut once’. You can reduce the risk of making a mistake

by checking the measurement a second or third time.
16
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* ISO 15189, 5.6.2: Sources that contribute
to uncertainty may include:

* Sampling * Input quantities

* Sample preparation * Equipment used

* Sample portion * Environmental
selection conditions

* Calibrators * Condition of the sample

* Reference materials Changes of operator
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G ANALYSIS ~

UNCERTAINTY
OF
MEASUREMENT
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*1SO 15189, 3.17:

* The uncertainty of measurement is a
parameter associated with the result of a
measurement, that characterizes the
dispersion of the values that could be
reasonably attributed to the measurand.
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Type BIaETA (BEfti o miRE)

- Rectangular distribution (R %)
- BZER D MEMSER

- Triangular distribution (=A% )
« U distribution (UZL 4% )
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d a

Probability ->

X-a X; X+a

!
X,, the expected value, lies in the
middle of an interval of range 2a.

d

U, =—
e

—BOMmEETA

-1 xi +a
Figure 3. The triangular distribution is used to model cases where containment limits are
known and values are more likely to be near the mean than at the extremes.
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UR 5 Fafbhis l
) * Standard uncertainty?Z2E A EEE: (u)
» Standard deviation (s) 2% %=
» Coefficient of variance (CV) 214 %
* Combined (standard) uncertainty: (u,)
* Expanded uncertainty: (U)
- 0 a
Figure 4. The U distribution models cases where the value of a measurand is likely
to be near the containment limits.
L
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* Standard uncertaintyiZ2 LB EE: (u)
« Standard deviation (s) 12X %
» Coefficient of variance (CV) ZE&
* Combined (standard) uncertainty: (u,)
HE(RE) A EEE
* The “sum” of the known standard
deviations/CV

* Expanded uncertainty: (U)
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e R=X+Y
e R=X-Y

«FTEHI:

(SD )2 = (SD)()Z + (SDy)Z

« U LISDFERR

29 30
anion gap HEMEERAIRIE
e FH +§ 7Y -
Calculation of anion gap (Na+K) - (Cl1+HCO,) ® jl;:\ AR .
Patient X Na; 137; K: 4.0: C1: 106; H('D__\: 10 (mmol/L) . R = X X Y
3=25 )
AG =18 1-1111101‘[. . — . R - X / Y
MU of AG calculated as square root of sum of (Tl i e o O
squares of MUs of contributing results.
Calculation of AG uses addition and subtraction: SD,,, = 148 mmol/L: SD, = 0.04 mmol/L: _I_ 737— —b
lience. calculate u, . using SDs. SD,, = 0.72 nunol L S[)Hm‘ = 0.84 mmol’L
Combining . 1. ey Mo, o= (1487 +0.04° + 0.72° + 0.84)"7 = 1.85 mmol/] (SDR/R)2 = (SDX/X)2 + (SDy/Y)2
- CVg2 = CV,2 + CV2
Coverage factor k= 2. U, e = 3.7 mmol/L (95% coverage probability) R X Y
Result rounded for clinical use, 1, =4 mmol/L
: = /
Patient result. AG =25 £ 4 mmol/L (95% coverage probability) e U U £E 4) ; ) J//{ CV% | ’ 'f é % 1E 1‘ E
;lll: B 550 “
31 32
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Caleulation of creatimine clearance (C1_} Urine creatining (punol/L) x Urine vohone {ml)

Plasma creatinine {pnmolL) x Collection time (min)

7
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Results for 68-year-old woman, Plasma creatmine: 92 pmol/L. SD: 2.26 (QC). CV: 0.0246
Trine creatimine: 2560 umol/T., SD: 340 (QC), CV: 0.1328
Urine volume 2683 mL. SD: 25 (estmate}. CV: 0.0093

Collection time: 24 h (1440 min). SD: 30 (estimate), CV: 0.0208

Creannine clearance. 2560 x 2683 =518 mL/min

£ AMEERERIE

 Standard uncertainty: (u)
e Standard deviation

* Combined (standard) uncertainty: (u,)
* The “sum” of the known standard

R deviations
ke e et I R * Expanded uncertainty: (U)
Crc[a.m;{nc .r]uarlnncc _calculamd u[s'ullg_- division Qn(l OV =W OV ROV O, IR * TE%KEEE}E
multiplication; therefore must calculate ., using . . .
cvs Z (00246 + 01328 + 0.0093 + 00208 2 0 137 * The confidence limits around a result
5D = measurement result x CV. 8D =51.8 mL/min x 0.137 = 7.096 mL/min =
Coverage factor k= 2. U= 14.192 mI /min
Result rounded for clinical use. U™ 142 mLAmn
Patient result, 31.8 = 14.2 mLAuin (95% coverage probability) 33 34
=3 — 2| s A
BIAARER (V) TE WETET
« Coverage factor (k): BT *150 15189, 5.8.3:
» The number of SD’s for the confidence limit * Uncertainty of measurement should be
provided upon request.
«FTEHA
U= ucxk IRBRGER(YY) C BRAEEE V)
e ‘ cWEER YU =y+ kx u
cKEERE 2 (2k=1.96 A - e
R (E1.96)  TAFSCHA A B AR B S 2 B (TAF-
« k=1  68.27% confidence CNLA-RO6)E I 4= 2
« k=196 95% confidence -RO6) B 2Kk =
« k=2  95.44% confidence
« k= 2.58 99% confidence
35 36
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Calculation of anion gap (Na+K)—(Cl+HCO,)

Patient X Na; 137; K: 4.0: CI: 106: H(‘O!: 10 (mmol/T.)
AG =25 mmolL

MU of AG calculated as square root of sum of = (2 +ul+ul+u, e

squares of MUs of contributing results.

Calculation of AG uses addition and subiraction; SD,,, = L.48 mmol/L: SD, = 0.04 mmol/L:

hence, calculate u, . using SDs. SD,, = 0.72 mmolL: 8D, = 0.84 mmol'L

Combining . 1. ty, Mo, = (148 +0.04° +0.72* + 0.84)"7 = 1.§5 mmol/L

Coverage factor k=2, U, =3.7 mmol/L (95% coverage probability)

Result rounded for clinical use, i, =4 mmol/L

Patient result, AG =25 £ 4 mmol/L (95% coverage probability)
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Calculation of creatinine clearance (C1_) Urine creatinine {pmol/L) x Urine volume (ml)
Plasma creatimine {pmoel/T.) x Collection time (min)

Results for 68-year-old woman. Plasma creatinine: 92 pmol/L. SD: 2.26 (QC), CV: 0.0246
Urine creatinine; 2560 pmel/L. SD: 340 (QC). CV: 0.1328
Urine volume 2683 mL. SD: 25 (estimate). CV: 0.0093
Collecrion tme: 24 b (1440 min). SD: 30 (estimate), CV: 0.0208

Creatinine clearance. 2560 x 2683 = 51.8 mL/min
92 x 1440

MU of C1_ calculated as square root of sum of
squares of MUs of conmibuting results.

- 2 gt T e
Uiy = U gy T W+ W e 107,

Creatinine clearance calculated using division and OV = OV FOVEh B, +OWE: 2
wltiplication: therefore st caleulate w  using

CVs. = (0.0246° -+ 0.1328? + 0.00932 + 0.02084!7 = 0.137
5D = measurement result x CV, SD = 51.8 mL/min % 0.137 = 7,096 mL/min = u,
Coverage factor k=2 U= 14,192 mL/min

Result rounded for clinical use. U, = 14.2 mL/min

Patient result, 51.8 + 14.2 mL/min (95% coverage probability)
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Measurement uncertainty: Friend or foe?

Ilenia Infusino’, Mauro Panteghini
Research Centre for Metrological Traceability in Laboratory Medicing (CIRME), University of Milan, Milano, Ttaly

Clinical Biochemistry 57 (2018) 3-6
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* |SO 15189, 5.6.2 (2003)
* The laboratory shall determine the uncertainty of results,

where relevant and possible.

« 1SO 17025, 5.4.6.2 (1999)

* Testing laboratories shall have and shall apply
procedures for estimating uncertainty of measurement.

Fig- 1. Number of hits retrieved from PubMed using the key word ‘Measurement Uncerainty' [wwwnchinliailogos/ pubimed {sccessed December 2017)]. 41 42
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What information on measurement uncertainty should be communicated to
clinicians, and how? EE AE }2 | ’ j:ﬁ | ‘ ";|:’\ [I)E
Mario Plebani’, Laura Sciacovelli, Daniela Bernardi, Ada Aita, Giorgia Antonelli, Andrea Padoan
Deprartmen of Laboraory Madicine, Unversing Hospliol of Padova, Ve Glodinland 2, 35128 Pedova, loly
Clinical Biochemistry 57 (2018) 18-22
MEASUREMENT UNCERTAINTY
GOALS
within the laboratory [ to users ‘
To provide evidence of the To provide objective
compliance with information for an
analytical performance . appropriate interpretation
characteristics by: of laboratory results with
+  Setting appropriate quality the aim of improving
specifications. patient care and safety
+  Maonitoring imprecisisn (1GC) 1
and bias (EQAs)
+ Miding in the identilication of
sources of uncertainty
Fig, 1. Summary of U main goals of weasunement vaceriisty, 43 44
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