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@ CHECKPOINT! 3-1

A CLS was asked to determine the descriptive statistics
for the data presented in the following table. The data
represent replicate measurements of sodium in serum
samples. Twenty measurements were completed on one _
sample. Determine the statistics listed for the data shown (X) pfilee aswlze |
in the table:

(avaw) u.'n.l.nagj'_jl.ni- auwlze g puouasy Jul=g

S8 Lol gyl Sl meals pul aiTuas apw Azl digai i 3 (INA) aiiw 557 8 0jluil 20 Labi lasals
Adades 0olatwl Ay iy, (Precision)

a3 li | eals 185e (Accuracy) Jews o ulus 58l
* Arithmetic mean
* Standard deviation

_ oy
* Variance Arithmetic Mean(X) = b3
* Percent coefficient of variation =
* me:'a” 42 + 141 + 141 + 140 + 139 + 138 + 140 + 140 + 141 + 139 + 139 + 141 + 140 + 140
* Mode
20
* Range
= 2800
Data Number  Result Data Number Result X = e 140.0 mmol/L
1 140 1 139
2 141 12 138 _ ) _
3 139 13 140 (Range) disls g (Median) ale (Mode) be duwl=e .T
4 140 14 140 i3 e ol |y oS WSSl ¢ Bajsd 3Spe <l sl Cale (i 4 by lise ol
5 140 15 141
6 138 16 139 f B sihe Jhme
7 142 17 139 Koax — Ximin = 142 — 138 = 4 mmol/L 4 mmol/L 4ial3
{Range)
8 141 18 141
9 141 19 140 L T L% jaBs i faiaia 140 mmol (L (Mode) 1=
10 140 20 140 Jlibo juassil g peesd o) (138 — 142 faid e slbesls) iSe jhie 140 mmol/L diles
s 140 g5 45 45 catddye (Median)

Dr Alireza Pourreza , DCLS,Daneh laboratory , Mashhad,




Inferential statistics arc concerned with the reladonship
among different sets or samples of data. For example, is the mean
of one set of data significantly different from another? If we find
a difference between the means of the two samples, what are the
probabilities associated with this difference? Examples of inferen-
tial statistics include the following:

* Ftest e Z.test

* ftest * chi square

Coefficient of Variation (CV) Coefficient of variation (CV) is
another way of expressing standard deviation and is also referred
to as relative standard deviation. 1t is defined as 100 times the standard
deviatdon divided by the mean. CV is expressed as a percentage.
It relates the standard deviation to the level at which the measure-
ments are made. For example, from the data in Table 3-2, the mean
and s of the measurements are 9.61 and 0.2331, respectively. The
CV for the data set is 2.4% (0.2331/9.61 X 100).

CV = = X 100 (Eq. 3-1)
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Graduated Serologic Ostwald Volumetric
Fig. 7.1 Types of Manual Pipettes. TD, To deliver. (From Turgeon ML:
Linné & Ringsrud’s clinical laboratory science: the basics and routine
techniques, ed 6, St. Louis, 2012, Mosby.)

assays are also done on cerebrospinal fluid (CSF), other body fluids,
and swabs of various body exudates and discharges. The established
protocol for each specific assay must be followed in terms of specimen
collection requirements and conditions for the assay itself.

Inactivation of Complement

Some procedures require the use of inactivated serum. Inactivation is
the process that destroys complement activity. Complement is known to
interfere with the reactions of certain syphilis tests and complement com-
ponents (e.g., Clq). It can agglutinate latex particles and cause a false-
positive reaction in latex passive agglutination assays. Complement may
also cause lysis of the indicator cells in hemagglutination assays.
Complement in body fluids can be inactivated by heating to 56°C
for 30 minutes. When more than 4 hours has elapsed since inactivation,
a specimen can be reinactivated by heating it to 56°C for 10 minutes.

Pipettes

Pipettes are used in the immunology-serology laboratory for the quan-
titative transfer of reagents and the preparations of serial dilutions of
specimens such as serum (Fig. 7.1). Although semiautomated pipettes
have replaced traditional glass pipettes, traditional methods may be
needed at times.

.., Filling

b L 2
% ’
C

Fig. 7.2 Steps in Using Piston-Type Automatic Micropipette. A,
Attaching proper tip size for range of pipette volume and twisting tip
as it is pushed onto pipette to give an airtight, continuous seal. B, Hold-
ing pipette before use. C, Follow instructions for filling and emptying

pipette tip. (From Kaplan LA, Pesce A: Clinical chemistry: theory, analy-.

sis, correlation, ed 5, St. Louis, 2010, Mosby.)

tvpes or models are available. which allow volume deliverv raneine. fon
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Figure 11.8 Panel A shows that commutable QC ma- 20 4 ¢ Clinical samples 20 - ¢ Clinical samples
terials have the same numeric relationship between
two reagent lots used for a measurement procedure m QC samples m QC samples
as observed for clinical samples from patients. Panel B 0 T I T I 0 T I I T
shows that noncommutable QC materials have a rela- 0 20 40 60 80 0 20 40 60 80
tianship that is different than that observed for clinical
samples. A Reagent lot 1 B Reagent lot 1

Dr Alireza Pourreza , DCLS,Daneh laboratory, Mashhad,




5 (5805161 L8) Commutable a8 J)iiS slgs u Wil Gglad sadbailyl ie
33 698 aligyn auulie) juiigy ¢pSejlul Jlio 1 eslaiwl b 1) (380514l Lil5,e) Noncommutable

(Noncommutable) ;.8 851l Lls e QC

wdymaliigy St ay @l ;3 QC a3l lis,
e Jf.u_u U_w_iﬂg, L‘ELﬁhd_is_nj Jl_'l'_é_] _':,] Qgtﬁla

A8 3o i |y jlow digai ¢ySejlail (i Loyme
2,125 QC p pili visylisbn Sglag Juls 4 Lol

50 ULL:m_h:. QC_]LLE.,u ..uS._,_.n ul.s.l.!l_] 15 QC
5 olilan alii a5 (s 3 wilese sl mg/dL
35S oo duili ) lony

13 wmily slalbhs jausdai cubll pac togime ail
Sloy Sladigai

A3 2y (jlag digai )3 Giluil iy b QC

(Commutable) ;18651161 Juls QC wdies

fuingy Shasd @ gl 5 QC eslo ylis, wa =T
vl

2 g (598 patizp) QC a2 (s> Loyme gyl

ajlail Sy as | (enilaadl aiigy) jlay digai yuss) Jle

azlg B 1y g3 3 i) 3830 5 il i (wsym0

Sfaziw e WYL

31 QC Jliss addee pousis |y Uas QC wlas dzuii
yailyl 3iS e yusi mg/dL 55 « 50
Iy jlow ulii g 615 Bias azgin alwlslly
AiS o 2ol

S8 (amile aain 3l 1 gaBd ail SR>
jll-\'-'ll! 'l._gl-'hﬂ_lg.ﬂJ JJ L _I_Il_l

Ll QC slgs wlziil sly juRe 1 y7ege (Commutability) spSslal Cubls uunasi axi

b wSa5e)gigail/aliand (lidy g (Leiluil @l diils) g yile i 1 aS 1iiS aslaiwl solge 31 L yeBiyls;l

sl |y edylzi 3)8lac QC oS 398 Juols glisabl I 1l Spo3i ladl oeble ladigai 4 ;lSel 1>

QS il iy @ sbex (5LA45 g



(Selecting Control Levels) J,iiS zglow wlziil ¢iilyiwl 1

ity gy |y il widh 6y egeand @blio a5 g wlziil sldisgS 4 yb QC slacihle g sl

(Levels) z glouw 3la=y .all
(Jloyipe ahuw Sy g Jloyi hhiw Sy) o 93 Y51z 51 oslatwl 3ylajliwl o
oyl zgbouw o
{oaulSgun Gaumdi sl i) gul ol SySerend jro ¢ Sy i(Low) gul abw
(alS (ol by Culs oz sl Uis) YU oddl 38 aresnd jpo a5 Spoyi (High) YU adoaw o

slangyly Aiile) wilyzu by crous 83g1z0 sl oS Gula SulUl sl :(Optional/Critical) pgw abous o
Lol $ygpo pgw o Sy Ailws (TDM ileys

(Critical Decision Limits) (lyou sladdale Cuodl .o
Wil 039220 53 alii sl wilel llay i 818 " Loy ahii hds ;3yS S tpa )T aiSi e

13 plutpe Jeo g J8) 45 4y gl Glabe Rb o plply _U_}Sum HhE loydy Jumd (Critical Range)
Ll Joib LilB Dgadiee q4id)S Sty Olateund 1 yiniliz S sl cdale

Dr Alireza Pourreza , DCLS,Daneh laboratory, Mashhad,




(Critical Decision Limits) il slaadble Juanl .o
wilyzy 839320 jy ol sl el hlay i (88 Loy dadi ke ;35S S o)A S e

D plups Jzuo g By 45 aggab Hlabe Bb G ulpli _LI_}.S;_;\_D 3hE Gloyy Sz (Critical Range)
Ll Jgib Ll 3gdione 48,8 Sl Slaseuni i yiniliz S waladdhle

(Establishing X & Control Limits) jlzo 391> g 618 p3lis susi.F

Al T a4y Laats 8Baylosl 33 gy sslsslol 1l .QC 135 Y K £apid 1y

:(Pilot Run/Mean Establishment) uuiylojl sly2l il dl>je o

sl w8 5w g gy Julpd Gmd wedlgle I8 jo) T JSlas b 1l s JyiiS aole @
29 [zl Goge

gl sl lel duwlao T dl>ye o
1 iz Gub) 2458 Al |y adgl (SD) jume Gyl g (X) 5sSilie 59y > 20 i 1 »
Sy Adlg> 83laiwl sas )95 Sl Lad (Target Value) woad jlado o3dapulas X gl o

t sl 3ga> pusi P aloye e

(35 35) £3SD g (jlaca 3915) £2SD ywlwl |, Levey-Jennings jlagai JyiiS 391>
035l g 6 1ddil)l slaergizs loay) 45 yiS usi 3e> 614 diwlae

Dr Alireza Pourreza , DCLS,Daneh laboratory, Mashhad,




Jawdi g pawy Jguol :Levey-Jennings (JyiS jldged ip)lgz Jisu

U 3300 0)51 Lo s jlagai ool .Sl sBaylejl 5o )l (waiS J 458 uls (L-J) Levey-Jennings ,lsgai
slalbs Jicpuwd g 0355 saaline (X) Uil 350 580l @ i |y J415S aulii diljgy oSSl

Ay o ) wodbai g Suileiwuw

o1 g ,lislw :Levey-Jennings .|
03lo diljgy 53803136l alii S Cuwl (Control Chart) yiiS jldgei S L-J rgai iuoundd ciyyei e

plp oy eB8iws 5)Slac bheai gl adde gulai gloy Jgb 1o ¢ wllgin Gygus ai |y auS JyiiS
Qileadd Guwi wlsls o abdulze SD julwl i oS (Statistical Control Limits) )lol JyiiS 393>

AiSue il
ZGJJJ_JB AT N
ity Uhs £ qy0 03003 5 Ldu @S dsbadus slaaigy g el 5590 63l ool ispay gl .1
Olacl @ 358 08 bps sl @)

In) Jgid Jul6 839120 ;3 (Analytical Run) (=i slyzl Sy U aSul usi ibss gousds .2
2ed (Reject) 5, ub b Cuun (Control

Dr Alireza Pourreza , DCLS,Daneh laboratory, Mashhad, }‘




(SD o X bl 1) a8 sli=1 2513007 agwni .T

3318 psgan Lol aily g 5>

Jls 1l (Czus) Accuracy siiss ;L oS (Target Value) wsaa jlaio X Mean) ;550 b

e et | {U-_ngL_L»G} {Line

13) Zrwl 5L weskad slbs Jlaizl aiS jeac ol jl abii S 3l sadgl jlain +25D s 3ga>
(3gadrine palaiwl jludgs oqils K gleic s Westgard aiwugw (Warning Limits)

Clle ol 5 Cnwl Uns g adg aaiss g lin ol 51 euc :(Rejection Limit) 3) 1> +3SD )i 391>
Dgad yinhd i jlay mlis (Control Limits)

38 seub soslad tjl_b}_j_ul_l iz lgis g 1l ", 50" WelS piuaw (31 :(Jley) Rj8T) wasuasi disi
ol ol Lo sylol jUaDl bl aidls

8 L8 £28D 5 blai 5195.5% Ly a7 e
S yguc 38D 1 rub jgba (ja jl adhidi aw) bldi 51 0.3% lgi5 e

Dr Alireza Pourreza , DCLS,Daneh laboratory, Mashhad, }‘




S sly )l - Westgard (Westgard Multi-Rules) dilBaiz ;uiled :aziy iy

Q b
b3 Sy <y e :Westgard aduls .

93 31 53841z Gl uaxdie 6)lol uiled Lol «Crwl le spay Hlul Sy (F i) Levey-Jennings jlygai
3yl 5l suls (JSude
Cupwlas) Sl Lg ®ilg jy 68 (ulad slyzl Sy a)S 3, i(Error / False Rejection a) Wl slbs  »
(ulio g loj MGl —+ 3> 51 yiw
Cuwl Uas syl gélg o @S Glil=d slyzl Sy iy ((Error / False Acceptance 3) s slbs  »

4 (Sensitivity) Cuwbus Gailwy Sl 4 sly bl eils 1iz jl lojas sslaiwl :Westgard aguwls
Sl (o slhs jia8) (Specificity) wS3g B> . Jb fuc 1 g (8 slias jal8) ywilg slalhs

Dr Alireza Pourreza , DCLS,Daneh laboratory, Mashhad,




330y SuSa5 g 3)Biwg 348 ouilgd sbymo T

2w 93 b K1y wllio w1 bl sl g (SD) by hsio wolymil slasy julul  Westgard uilgs

@ (Rejection Rules) g 01183y uilgd .call

uln;.ﬁ_y__,ﬁ JLE-JEHJ Y ¥ b T W L] 3lag i,gjfﬁ
e Fa)
paidyplini 3y o9l i yage 9 Ship wedlad S jauc 38D 5l (yiiS ahai Sy I3g o hail |
il (nilyz 2l gy K Sl il duw
le Jiendr ay wlws Lo Swileduuw hahmdj_,_‘s}uﬂy_a wdyiis abhai gd Zg Sl T
§ar ASIDA I S nS iS jg1c 28D 51 (plojas phw g3 ¢y
Shift
S St S widbay Sy yiS abhidi oo o (LaMisl) aisly Rysg F dial>
Wis) wo3bas slas il is) 23S jalzi 45D ;1 yozie sl b1yl
{lo> plugi «Kigiyy slhs ouli 5,303 ¢ +25D $UL ahai Sy
{—28SD

Dr Alireza Pourreza , DCLS,Daneh laboratory, Mashhad,




Q U aiss sl u)lpl :Westgard ailBaiz juilgs tpziy iy

+28D jl yl,e TWestgard |y ta01d0 .|

sle ) sylol uiled 51 d2ylSy g widnio pluwiw S 5l 6slaiwl sly Glhgel 8 SBjgel bl i e
@dS glisl Jb e js o (False Rejection) w38 5y jidls jghio a4 (25D ahii Sy oo
by slalhs

Te 30 Sy "(12s) Gl i Sy 28D 51 g slazyii " 8sblw ;4ild t1ag goild Cydgire o
ol Westgard @il iz (uilgd 51 oslaiwl g JIne (s5)lel ju6i is) W3S yguo a5 aS 3yl Jlaisl

o gulwl y Westgard uilgd saidiib T

)y gy (5 i) blas glgil @) Tagdie 45 digudiiwe apwii Lol 09y5 93 0 Westgard uilys
wlol coam aaiiScams eils Uns £ g1
1ilgBl pai g W8Sl 55 e5lal Rys 13s (Random Error) géslai slbs

(X)) 58l 53 vigy b dnd 6yfeilail - 10g s Zps  (Systematic Error) Suleiwww slhs

Dr Alireza Pourreza , DCLS,Daneh laboratory, Mashhad,




Westgard salS juleh puounsi z b ¥

Aigdions vayy gloj Jab )3 ¢ (Run) izl Sy Oygun 4 ouilgs ol a5 3gad 15T b

(Rejection Rules) s)g8 ) uilgd . all
Mgt wlilxd el BbeT 4 ymio g Ailwd Sl JSive Sy odidaliu uiled pl
(3SD jl z)5 abidi Sy) 135 geild .1
538 315 £3SD 5915 3l 2 )15 .iyS J)iiS ahii Sy ruiyymi e
Hlasob g ilgdSl Suilaiugw slbs U Syj wddliad slos sl Sl ) iseb il s o
ol
(25D jl z)5 Wlgio alaii g3) 205 ggild .2
9 X Jiow Sy (Run S o caline GyiiS ahuw g5 13 1) wllgio (S J4iiS dhiii g 1edyyei o
o)A Syilaiugw slhs S L (Shift) (iledl Sylaiuww slbs S oxins L 1ads o
Ll Sy Js g ey @ @S (Trend)
(45D sldioly WMisl) Rys ggild .3
Level 1 Wis) S J,ii€ ahii g yigul g ahdi 5,000 o olis! eldsi szl S5y tuayyed
(< —28D )85 g > 425D S wimy) 39y 416 48D 1 (Level 2 4

Dr Alireza Pourreza , DCLS,Daneh laboratory, Mashhad, }‘




* TABLE 3-10 Westgard quality-control rules and
interpretation. Note: standard deviation (s).

Control Rule
Designations

1J.'s

13

10

7t

Interpretation

One control observation exceeding the mean
+ 2s—this rule may be used as a warning rule.

One control observation exceeding the mean
T 3s—recommend rejecting patient results;
this rule is sensitive to random error.

Two consecutive control observations exceed-
ing the same mean plus 2s or mean minus 2s
limit—recommend rejecting patient results;
this rule is sensitive to systematic error,

One observation exceeding the mean plus 2s
and another exceeding the mean minus 2s
within a run not between runs—recommend
rejecting patient results; this rule is sensitive to
random error.

Four consecutive observations exceeding
the mean plus 1s or the mean minus 1s—
recommend rejecting patient results; this rule
is sensitive to systematic error.

Ten consecutive contrel observations falling on
one side of the mean (above or below, with no
other requirement on size of the deviations)—
recommend rejecting patient results; this rule
is sensitive to systematic error.

Reject run whenever control measurements

trend in the same direction (i.e., get progres-
sively higher or lower)
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B FIGURE 3-10 Levey-Jennings quality-control charts

for normal and abnormal concentrations of glucose
in blood.
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* TABLE 3-11 Evaluation of quality-control data shown in Figure 3-12 using the Westgard multirule procedure.

Day Level 1 Level Il 1, 1, - 8 Ry 4,, 10% RE SE Accept Reject Warning
2 X X X
5 X X X X X
8 X X X X
9 X X X X
12 X X X X X
16 X X X X
23 X X X x
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Examples of data plotted on Levey-Jennings graphs with the rule interpretation
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Copper . . . . %75 %24 %36
Cortaol %20 5% % %25 %228 X728 %103
o %20 5% N %30 X303 KN4 %NS
Creatinne %0 0% ms %15 %89 %3 x4
Creatinine U 24 - 0% %12 < %282 2 %88
(= %30 . %138 250 X566 %2 sns
D-Dimer . - - %30 %28 xnz %88
DHEAs - 0% - - %13 %32 %28
Degoxn x5 0% %175 %20 - - .
ESR - . - aso - - .
Estragiol %30 20% %22 %30 X269 N3 %83
Estriol Total - 0% - X2 - - -
Estrogen . - - 2550 - - -
Ethosuximice - 0% - %15 - - -
Ferrn %20 0% %118 3so %169 % %82
Fiorinogen %20 - = %20 %193 X7 %77
Folc Acd %30 0% . aso %39 12 %192
Free BHCO . 5% . 3so - - -
Free PSA - 15% - %30 - - -
Free T3 - Jprmoin %3 - %3 x4 48
Free T4 %15 LY %13 3s0 X8 %29 %313
Free Testosterone - - - %30 - %47 -
FSH X8 20% %4 3s0 12 %55 X2
oar %15 5% s 3iso X2 %67 %
Growth Hormone . 20% . . . . .
Gaxore 8 0% m %10 %7 %28 %23
Chucose Urine - 0% m %10 - - .
GePD - - - - %385 X164 x4
L x4 x *5 %7 %42 %14 %18
Ho Ak %8 % X0 %25 %3 %09 x15
Ho A2 - . . - %25 %04 %9
HBc Ab Pos | Neg 5 = 2] z = e
MHBoAD Pos "n - - - - - -
HBeAg Pos | Neg - - - - - -
HB1AD Pos [ Neg . - . . - -
HBiAg Pos I Neg - - - - - -
HCV Ab Pos | Neg . . . . - .
Het x4 . 5 x6 x4 x4 %7
HOL-Chot %20 0% - %30 xne %37 X586
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Proten Total x8 % %6 %10 %36 %14 x4
PSA %20 5% X155 %30 %318 x0 %187
PT %15 - - %15 %53 %2 %2
PTT %15 - s %15 x4 x4 %23
PTH %30 2% . 350 %302 %13 %88
Pro 8NP %30 B - %20 %13 x5 %47
RBC x4 . x4 x6 x4 X6 x17
ROW - - - - %40 %18 %7
Retic s . - %30 %108 %55 x78
RF 350 . - 280 %138 %43 %65
SGOT (AST) %15 1% ans %20 %167 %62 %65
SGPT (ALT) 15 5% ans %20 %275 %97 ans
Sodum amigr  3mlad %3 dmfod. %07 %03 %02
Sogum = 0% %85 %26 %32 %144 %83
S Proten . - - . %207 %29 %159
™ %30 20% X6 350 %02 %35 %35
T3 uptake %18 . - %7 . - -

T4 %20 15% X125 %20 %7 %25 %3
Testosterone %30 20% %205 %30 %136 X468 X6
TiC %20 10 pmait. - %20 - - -

Trighycende %15 0% %9 %25 %26 %10 %98
Troponin | %30 0% %20 %30 %279 %7 %163
Troponin T %30 0% % %10 X489 X153 %237
TSH %20 5% 135 350 %237 %97

UE3 . 20% - %25 - -

Urea %9 0% %108 %0 %156 %61

Uric Acid %10  O0Bd4mga %7 xn %12 %43

Valprokc ackd %20 0% ans %28 %191 %53

Vit 8-12 %25 20% - %30 %30 %75

Vitamin A : 0% . . . .

Vitarin 81 - - - %22 x24

Vitamin B2 " . - . %27 %29

Vitamin 84 T - - - %264 %10

Vitamin 03 . 5% . . . .

Vitamin € . 0% - . =9 %38

Vitamin K . . . . %459 %19

WweC %10 - %08 %15 %185 %87

T . - w . %N x4
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TABLE 11.2
Probability of Acceptable or Erroneous Results Based on the

Sigma Scale

Percent of Percent of Errors (Defects)
Sigma Results within Results With an  Per Million
Value Specification Error (Defect) Opportunities
1 68 32 317,311
2 95.5 4.5 45,500
3 99.7 0.3 2,700
4 99.994 0.006 63
5 99.99994 0.00006 0.6
6 99.9999998 0.0000002 0.002

“The values in this table are based on a Gaussian statistical distribution and do not
include the “1.5 sigma shift” frequently introduced to recognize that many manu-
facturing processes have been observed to have a long-term drift approximately
+1.5 SD when operating in a stable condition. The 1.5 sigma shift is not used for
QC rules design.
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Distribution of variability in the Distribution of variability in the
measurement process measurement process

! '
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A Sigma scale (standard deviations) B Sigma scale (standard deviations)

Figure 11.10 Test performance relative to the sigma scale to describe how well performance meets medical requirements. Part A shows a “six sigma” method, and part B
shows a “three sigma” method. Note that the measurement SD is the same in both cases, but the fraction of the TE, consumed by the SD is different. SD, Standard deviation;
TE,, allowable total error.
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about a variable x that follows an N(u, ¢?) distribution are
usually made by considering the variable z,
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Fig. 2.23 The calibration hierarchy from a reference measurement
procedure to a routine assay. The uncertainty increases from top to
bottom. Cal., Calibration.
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* TABLE 2-1 Organizations actively involved in
providing safety standards, guidelines, education

and procedures for clinical laboratories.

AACC
ASCP
CAP
cbC
CLs!I
DNV

EPA
NFPA
NIOSH

OSHA
TJC

U.S. NRC

American Association for Clinical Chemistry
American Society for Clinical Pathology
College of American Pathologists

Centers for Disease Control and Prevention
Clinical and Laboratory Standards Institute

Det Norske Veritas (Hospital Accreditation
Organization)

Environmental Protection Agency

National Fire Protection Agency

National Institute for Occupational Safety and
Health

Occupational Safety and Health Administration
The Joint Commission (formerly JCAHO, Joint
Commission on Accreditation of Healthcare
Organizations)

United States Nuclear Regulatory Commission

T il 0Binlejl 5o jlwajlailisl ko glojlu uouasi wolls

w5y il sl oBiulojl Gigel 5 tiesl \CudsS aruwgd 3 Jlmo sla gloilw guyiage 1) Joiz
1S o Saiaih |y (01zie DLl Taac) (edlall

gy 5lwdylailiwl g idll uauass sl glojl .\

oliailojl 13 31518 g Luauas 0jg> glejlw ol Le8=e

sl hms usi g weale slaenly jLal . jijgel woidl awi 4 35,07 American Association for  AACC

asdySlae Clinical Chemistry

6l aalianlgl g0 g pigel il Sigletls 5wl p iSai American Society for  ASCP
b Biylojl Jiwp Clinical Pathology

Slivasliy g elfiule;l (Accreditation) aiwlicl |5 gpdw jlojlu College of American CAP
el Cuedd ueend sl (Proficiency Testing) vl dusS J s Pathologists

) 3jlailiw] Sl jiig) g weid Sl Jamllygiws st sdnwgi lual lojl Clinical and Laboratory CLsI
Uin) o Binlsjl sla jiig) gosiw;licl § puzs sh=l sl (SOP Standards Institute
(EPOG .EP09
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Z=(x~—plo (Eg. 3-2) * TABLE 3-4 A two-tailed paired-sample t-test
for serum sodium measurements of 10 different
patient samples by two different methods
(Biosensor vs. ISE).

T
r—— v— -
A normal population study for uric acid in serum samples 1 141 138
reveals that the mean of the group of samples is 6.0 mg/dL 2 140 136
and the standard deviation is 0.5 mg/dL. What is the 3 144 147
probability of a serum uric acid value of 6.9 or greater 4 144 139
occurring in this series? 5 142 143
6 146 M
| 149 143
8 150 145
9 142 136
‘ Ho: q = pp (Eq. 3-3) ‘ 10 148 146
Bias = 3.2
t = 3.402
The alternative hypothesis, represented by £/, is a second p = 0.008
statement that contradicts /7. This is shown as

‘ Ha: iy # (Eq. 3-4) ‘
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EXAMPLE 3-1

A laboratory purchased a new biosensor device to mea-
sure sodium in blood; the new device will replace the cur-
rently used ion selective electrode. A split sample study
was carried out, and the data are shown in Table 3-4. A
two-tailed paired-sample t-test was selected as a means
to evaluate the two devices. The following information
is included:

Hp: 1 = p

Ha: iy # pp

a = 0.05

n=10

df =9

Bias = 3.2

t = 3.402

t0,05 = 2.262

Conclusion:
Reject H,
0.005 < p < 0.01
p = 0.008

Accept the alternative hypothesis, which is p; # u,.

(a2 yitg) Qunilin) L2g) L gsejl Julal § LusuasT dolls

L‘;)__I_gﬂ-j’_ljl E,_ILU 33 6J|Juis_.u -_SJl.nT QSLELF JSeaigy Jude Mgl..u.‘n LII a5 il (_,.g| uém_l_dsduv_'m UJ_I BT
pSeilail gy 53 yo b jlaw ya a8 ulzil 5105 b ayls (ldws (ISE) yalidl g0 39580 41 S i
ol b il g t Qg.n_j-[m_\..il

ogeil boulys g ylel slaanays

wlel prads Jlade sally

Bias) 3ylaf 352y wlnb iy 5 oz gy pfile pudldeine Oslii el gy = i (s wn i) Hy
el s

{312 3325 wmBly Bias) 35 3328 by 92 ifilba Lo Slodne Jelel g = anmyd) Hy

(o2t

(L g wsliaz) Ciawl Cowrys BSlg 33 45 waiba) Hy 35 5l jloe yJlai=] il 0.05  (5)lawine pbhwl o

axdilis ey slaaisgai Jds lusd 10 {aigai =i} n

n—-1-10—-1-9 9 {wsalyT azya) df

A e — Xonrrent ) (25083 Jar ol oy ejlail woblist il 3.2 easasblos Bias

o iS4 53,5 ole B

lSJl.nT ISJ-_If.ﬁ,I_-ﬂ-ldis .'Js.ojT mlii T

[P ST i) jla8a ol

MBS e o s Liv stigad sl asla jIaadh apules lade 3.402 t sl
Abvasis il gle ap Japai gy g3 0 (t) pLiivaiinliig

Adf =B = 0.05 g 3 5pSarnnni e 2.262 ) wibz £ gtol

(to.os

Sy Hly 81 iababial Ojgis ay 3.2 BUES 808 Lo | lnis] ) 0.008 (P) slla-uy

Al (0.005 < p < 0.01




EXAMPLE 3-2 lisabsl salols 350y 41 45 3330 glii |} (EXAMPLE 3 — 2) 6oyl Jbie 5 aadailyl guni

Estimating a 95% ClI for u when o is known Ll ot (@) anals Jlina wilmil 45 ilej oyls 35587 (1) analzs il ol (CI) %95
The laboratory staff is interested in the distribution of
serum cholesterol levels for all females in the United
States who are hypertensive and smoke. The distribu- - Iy %95 -Li | T - . .
Ll sdlo dLolls
tion is approximately normal with an unknown mean, p, LIBJ'L"'LE iy g he dJal=s Sneeer
and the standard deviation, @, is 50 mg/dL. The labo- ;g - . " o oo g e b
ratory staff is interested in estimating the mean serum 5 1l s> sl yles o) ol amale Sy ol (1) pyes JsslaslS b Silke s Jlie ul 020
cholesteral for this population. Before the staff members il SgS digai Su bl p (samis JALI B
go out and select a random sampling, the probability
that the interval X — 1.96(50/V'N) to x + 1.96(50/\VN) .
includes the true population mean, g, is 0.95. The staff GJLnTh"FIJ'” yopab
draws 14 samples from the population of hypertensive .
smokers, and these women have a mean cholesterol level kel iy glida el
of 220 mg/dL. Based on this sampling,

analz wmily (ufile dgj0a UBTH o shejl g i) i sl 95% CI 3500 T

220 mg/dL — 1.96(50/\/14) = 199 Adbly aiinly 55 g o (eisals gyt
220 mg/dL + 1.96(50/\/14) = 246 & a1h y8) a%ale [ )3 JayialS €118l ladn 50 mg/dL Jlisia Lily2il) o
e damols ) ond 4id® a3kl slaaigai dlai 14 (4igai a3l0i) 11

' i

Aigai 14 51 anid s pfajlal JopiwtS o fiba 220 mg/dL (digai ;fils)
paina o oaz) D50 sl 3plailul Sluabl vy pa 1.96 Gy % jlisl) z
Aoxits i {C195%

[ Dr Alireza Pourreza , DCLS,Daneh laboratory , Mashhad,




%695 ULL_IA.I:I valol auwlze 5 ‘JS‘P T

Hnl il 3yl ailil L;Llnj-ﬁ ol 33 45) 3gubne dwnlzs py Jaays 3l ealiiwl b %95 slisabl sdlsls

01.,5.},,:1;2(%)

oslie liile s

(Lower Limit) julia> =

=

fl

220 mg/dL — 1.96 ( - ) 7~ 220 — 21 = 199 mg/dL

(Upper Limit) YL a> -«

al
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) ¥ CHECKPOINT! 3-3 I Sample K' meq/L Biosensor K' meg/L ISE

N b . .
A clinical laboratory is required to correlate its new bio- HmBer Tk -
sensor method for whole blood potassium concentrations
with results obtained from its existing method, which ! 8.3 46
uses an ion selective electrode analyzer. The following 2 4.0 4.0
data were obtained on paired samples (note: the num- 3 3.9 4.0
ber of sample pairs has been reduced below the recom- 4 3.8 3.9
mended number for comparison of methods to simplify 5 5.0 5.1
the problem): & 5'5 5'7
1. Determine the following statistics from the data below: . 3'0 3'2
® JFam 8 3‘4 3-6
¢ Standard deviation of the difference 0 3'1 3'3
¢ Standard error of the mean of differences ' )
10 4.2 4.2
¢ p-value
11 44 4.7
2. Assuming t, = 0.05 two-tailed distribution, should 12 5.2 5.3
thfe null hypothesis, Hy: iy = up, be accepted or 13 5.1 5.0
rejected?
14 3.7 3.9
; — 15 4.4 4.5
16 3.2 3.3
17 2.8 3.0
. 18 6.0 6.3
19 5.8 6.2
Dr Alireza Pourreza, | 20 4.6 4.6




(d—d)?
0.0529
0.0081
0.0529
0.0529
0.0529

01369
01369
01369
01369
0.0081
0.2B09
00529
0.0841
01369
0.0529
0.0529
01369
0.2809
0.4761
0.0081

2.338

(e} oaisi
0i-
0.0
0.1-
0a-
0a-
0.3-
02-
02-
032-
0.0
0.3-
0a-

o
02-
o1-
01-
02-
0.3-

0.4-

Kisp
46
4.0
4.0
39

51
5.7
3.2
3.6
3.3
43
4.7
5.3
5.0
3.9
45
33
3.0
6.3
62

4.6

X-H'iml:n:mr

45
4.0
39
38
50
55
3.0
3.4
3
42
4.4
5.2
51
37
4.4
32
28
6.0
5.8

4.6

-145..-:.-! _,_'J

) cwwlis eslaels 5l ealsiwl L (CHECKPOINT! 3 — 3) b g danlio (o pad S aabdily] ygns
il ealaiwl b (ISE) (ulidil jee 39580l 35250 gy b jguaiwga 1tz gy o dunlis s ol (K7
uwl (Paired t-test) ogj i gesyl § wiwasi Lol

(K7) praliy yivg) Goulia Lol dusle § puouass Julay

(ol gy dunliia sy sadaragi 3lasi 5l 5aS af) awwlis $pSejlail Cis 20 jl esliiul b g yai ol
Qg o ,nll_'.i_lt 1 U\g_‘ll_uJ |_5|_|J

ol jlel 5 HUS] drulze ]
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value-p g il t .0

fdials g3 gooll @ = 0.05 gdf =n — 1 = 10 3l

(ol Jgaz 31) to,p5.09 = 2.098 syt o

Ll 0,14 T a7 df = 19t = 1.538 L bkl value-p jliis svalue-p  «

GJJg,n.l.maJ
ol togye = 2.003 51 ;i8S [feate | = 1.538 oz it duslie o
Jwla = 0.05 jl & (~ 0.14) value-p ;o P dulia o

Sgdi e (Accepted) didpla (Hp 1 pn = pz) jio apayd tded

g BiiuRes I
—0.12 mEq /L i{wu,yl) Bias .1

0.35 mEq/L :(sy) Standard deviation of the difference .2
0.078 mEq/L :(SE;) Standard error of the mean of differences .3
~ 0.14 :value-p .4
{Accepted) Jgii e didpds (Hp amis .5
:_ElJJ Jgzgo ISE ilgy g Ml jganiuigy ilgy UJgji-_Lu o ISJl.'lu\.i.ﬂ.ﬂ EEJLB] Cljl-’ﬂ-l Bl I paluasy GJ._\{@JJ
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258 bl iy paigai 53

(Bias) gl deulze .all

. ¥d —24mEq/L
Bias(d) = o o0
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aiSe 80l ISE g jl 43a85 0,12 mEq/L hgis jab a jguiwsy i) iy

(sa) Wiz jLwa oyl .

S(d - d)? /2 338
Bl — "IAIL‘{ﬂ ___]_ :I = \J’I i‘; = 0.35 mEq“L

S| g g3 U widlis| g3 wbalad glhs D_Li..’b_‘ugLil.i _;i_liip qu J._u.un.?
(SEz) sl pfile 3ylailiul slas .z

s¢  0.35 mEq/L
Vv 20

R | JL:F apalzee ‘5|_H aalaiiwl Jyga J_;.]J.iaj'_mi slas UJ_l j._u.u.n.?

5E; = = 0.078 mEq,/L

kel 538 preani g value-p duwlzs T

Sl v = 0,05 5)lanims b )3 (Hy 1 g = fin) s awingd gajl wiis

brbbdlie tlel .l

o d—0 —0.12mEq/L
~ SE; 0.078mEq/L

= —1.538
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y » TABLE 3-5 Least squares regression analysis of

creatinine Jaffe reaction measurements by two dif-
ferent methods.
Creatinine (mg/dL) Creatinine (mg/dL)

Z Nonenzymatic Jaffe Enzymatic Jaffe

k= Sample Number Reaction (x-axis) Reaction (y-axis)
E 1 09 09
8 2 1.1 1.0
5] 3 1.0 0.8
g 4 13 1.2

0
5 04 0.3
6 0.1 0.2
7 15 16
Independent variable X 8 5.2 48
 FIGURE 3-4 Plot of independent variable and : Y o
dependent variable using linear regression of least i 4'4 4'2
squares. ' ;
12 35 39
13 1.0 0.8
14 2.8 2.6
S 15 25 2.2
16 24 20
Y=a+ bX (Eq. 3-5) 17 0.7 0.8
18 2 0.9
19 13 1.0
- 20 05 0.6
Slope 0.9520
Intercept —0.0065
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Fitted Line Plot

y =—0.0065 + 0.9520x
Y EXAMPLE 3-3

- B A set of data yields a linear regression equation of
-% Y =0.972X + 0.171 and a §,., of 0.240. For +25,
£ 44 which represents the 95% confidence interval, the value
E of S, , is 0.480. If a future value of X'is 6.5, the corre-
e 4] sponding value of y is 6.49. The 95% Cl of future values
fg'.] of y indicates that the value of y would lie within the range
g of 6.01-6.97.

s &

[
L
£
RE
5 -

0 -

0 1 2 3 4 5
Creatinine, mg/dL (Non-enzymatic)

B FIGURE 3-5 Fitted line plot for data from Table 3-5.

v T
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* TABLE 3-6 Relative intervals for interpretation o
correlation coefficient, r.

Interval

0.76-1.0
0.55-0.75
0.26-0.5
0.0-0.25

Interpretation

Strong
Moderate
Fair

Weak or no relationship
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B FIGURE 3-7 Plot of errors. A. Constant error, B.
proportional error, and C. random error.
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