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Trend & Shift
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Linear Regression
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Quality

“Quality is doing the right things
and doing those things right”

“ Quality is everyone’s responsibility”
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WHAT IS QUALITY???

 Quality Control (QC)
* Quality Assurance(QA)

« Continuous Quality
Improvement (Ql)

« Quality System




Quality Control vs. Quality Assurance

Quality Control is method control

Quality Assurance is process control

Quality System is the process of building
quality into the entire system




ELEMENTS OF A
QUALITY ASSURANCE PROGRAM
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Pre-Analytical Post-Analytical
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Designing a QC Program

- Establish written policies and
procedures

 Train all staff
* Design forms

* Assure complete documentation and
review

* Assure proper controls, standards,
chemicals and storage

 Equipment control and maintenance
» Corrective action procedures
* Periodic Internal audits




TABLE 2-1 An Overview o Qualitative Terms

and Quantitative Measures Related
to Method Per ormance

Qualitative Concept Quantitative Measure

TTueness Bias

Closeness of agreement of mean Ameasure of the systematic ermmor
value with “true valhe™

Pre cis 1on Inmprecision (SD)

Repeatability (within run) Ameasure of the dispersion of

random ermors
htermediate precision (long term)
Reproducibility (interlaboratonrny)

Accuracy Error of Measurement
Closeness ol agreement of a single Compnses both random and
measurement with “true value™ systematic nfuences
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—

DECISION LEVEL (X()

Any concentration of the analyte that is critical for
medical interpretation — whether for

- diagnosis,
- monitoring, or

- therapeutic decisions.

L aboratory data are most carefully interpreted at
these decision level concentrations.
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ERROR

‘Random Error

‘Systematic Error



Average
value

(mean)
Distribution of

repeated assays
of same
specimen

Number of replicates
5
=
o

--———— Systemaltic bias

.
-

A

Imprecision

Figure 10=1 llustration of imprecision and systematic bias (accuracy).

Average
value
True (mean)

value Distribution of repeated

assays of same speciman

Nunber of replicates
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Systematic bias = 0
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Calibration Bias and Random Bias
For an individual measurement, the total error s the devia-
tion of x. from the true value, that is

Total error of x; =Cal-Bias+ Random-Bias; + ¢
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Using valid QC
result in the
calculation of SD




Source

Time interval for
fluctuation

Likely statistical
distribution

Pipet volume

Instrument temperature
control

Electronic noise in the
measuring system

Calibration cycles

Short
Short or long

Short

Short to long

Gaussian
Gaussian or other

Gaussian

Gaussian or shift (periodic
step)

Establishing QC target value

S S s -

Calibrator deterioration
in storage

Calibrator deterioration
after opening

Control material
deterioration in storage

Control material
deterioration after opening

Environmental temperature

and humidity

Reagent lot changes
Calibrator lot changes
Instrument maintenance

Deterioration of instrument
components

Long
Intermediate
Long
Intermediate
Variable

Intermediate to long
Intermediate to long
Variable

Variable

Drift
Cyclic, periodic drift/step

Drift

Cyclic, periodic drift/step

Variable

Shift (random step)

Shift (random step)
Gaussian, cyclic or shift
(periodic step)

Variable




4.5

3.0 1

Standard deviation, mg/dL

@ Cumulative SD
@ Monthly SD

2.5

z-ﬂ 1 I 1 ] I I I | | 1
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov

Figure 10-5 Cumulative SD vs. single monthly values calculated from the data in
Figure 10-7,




Random Error

Control
Data

135
one point
putside 3 SD
{within run) used within a run, not
2 CONSECUTIVE ACIOSS TUns.
values outside the
Yes SAME 2 SD.
Yeas
Yes

This can be within

one control across
4 consecutive runs
or
within 2 controls
across 2
consecutive runs,

Yes

Date:

Tach:

10x

DNSECUTIVE
es on ONE
of the mean.

s can be within
one control across
10 consecutive runs
or
within 2 controls
across 5
consecutive runs.

Yes

Out-of-Control, Reject Analytical Run




TABLE 6.3 Abbreviation Nomenclature for Quality Control Evaluation Rules

Rule Meaning Detects
1 One observation exceeds 2 SDs from the target value. Thel,s rule is not recommended Bies or imprecision
except for low sigma measurement procedures because it has a high false-alert rate.
13 One observation exceeds 3 SDs from the target value. Bias or large
imprecision

255 2;6)  Two sequential observations, or observations for two QC samples measured at approximately  Bias
the same time, exceed 2 SDs (or 2.5 SDs) from the target value in the same direction,
20135 Two observations for three QC samples measured at approximately the same time exceed 2 Bias

SDs from the target value in the same direction. Note that this type of rule is used when
three QC materials are used for 8 measurement procedure.

Range between observations for two QC samples measured at approximately the same time,  Imprecsion
or for two sequential observations of the same QC sample, exceeds 4 SDs,

10, 0r 10, Ten sequential observations for the same QC sample are on the same side of the target value  Not recommended

(x or mean). The 10, rule is not recommended because it has an excessive false-alert rate.

8, (8,5  Eight sequential observations for the same QC sample exceed 1 SD (or 1.5 SD) in the same  Bias trend
direction from the target value,

CUSUM  CUSUM of SDI for the current and previous results. Bias trend
EWMA  EWMA for the current and previous results with newer results having more influence (weight).  Bias trend

CUSUM, Cumulative sum; EWMA, exponentially weighted moving averages, QC, qualﬁy control; SD, standard deviation; SD/, standard
deviation interval,
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y=1.00x- 3 mgldL

Reagent
lot change

Glucose, mgfdL
Glucose NEW LOT (mg/dL)

Figure 10-9 Levey-Jennings (Shewhar) graph showing impact of a reagent lot ' '
change on matrix interaction with QC materials. (Reprinted with permission from 100 200 300
Miller WG: Quality Control. In Clarke WA, Dufour DR: (eds); Contemporary practice OLD LOT (mg/dL)

in clinical chemistry, Washington DC, AACC Press, 2006.) . ; :
Figure 10-10 Deming regression analysis of results from a patient sample

comparison hetween old and new lots of reagent




VERIFYING METHOD PERFORMANCE FOLLOWING
USE OF ANEW LOT OF CALIBRATOR

2991l S juusi

‘No change in matrix interaction &

‘No change in result.

‘Packaged method include reagent , calibrator
& QC material could fail to identify QC result
& require to assay patient samples with the
old & new kit to verify consistency of patient

results.



The target value for the new lot of
serum control with the cumulative
SD of the previous lot
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“*CLIA

“*European Recommendations for Biologic Goals for
Imprecision and Inaccuracy

“*RCPA Quality requirements

**Rililbak — German Guidelines for Quality
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EXPERIMENTS FOR ESTIMATING
ANALYTICAL ERRORS

Evaluation Experiment

Type of Analytic Error
Preliminary Final
Random Error Replication Within run Replication Between runs
Constant Error Interference
Comparison of Methods
Proportional Error Recovery
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ANALYTICAL GOALS

* Clinical usefulness: HbA1c o.5

* Biological variation:
= |ntra-individual or within-individual
CV,<o0.5 xCV,
= |nter-individual or between-individual
Bias <0.25 x (CV? + CV2)*2
TE = Bias+1.65x CV,

 Regulatory bodies: CLIA
Bias < 0.33 xCV,



Soslo Lfg ywgy S @ 0l 5, Law, >

S
sobjlsree Yy, Slas >

Ly lio> )90 Saigos b iw,ls, »
Lol b gy L blbuesd



00,9 SWUvy) Sl il alwdaw

gl &0 Sodlo
aigoi Aijlod Qo) -

v il ywg,)

00,9, 2991,

7’ ~

4 Y /7

// N J
AY . 1

l; \ n . &
l ) )HHJSJ WSJ l
\ U ‘\
\ v

N ’ \

Y e Y




9,5 ,hbi )> ML as else

b (LS so 99 Sl e
=il U s oslesiwl ages 200 s 100

D9 (S



LD dw Ix0

Uos 5,900 Sy W o3l dlawi Udes 9LS ;1 Uluell

W 5,910 9 G lxo

So;L




S>9S s S 0L (11D awawlxo

. t-studeint Ugo;l - Sl Ulaobl <

———————————————————

s vl Sauuw b

— e . e o o e e e T e e e e -







waw | S>9S Linsuiaw S 0L (1 :D aAwwlxo

Y (&>0) X | d:Y-X
(CIVS))

y1 x1 y1 —x1

y2 X2 y2 — X2

y3 x3 y3 — x3

Al Xn yn - xn

t Ugo;l U Suis Uliuobl

Bias =Y--X-
SDdiff = +/ (£ (d - Bias)?/ (N-1)
t = Bias * (N / +/ SDdif)

Joix| Sl il t Ud,S law
t &1y9i Jga> 5l y i 5,90

tsv oo t ] Gawl iS50 t ,SI




| Raawg Yiniuw Sojl (2 1D awwlxo




| Raawg Yiniuw S 0L (2 1D awuwlxo

(Uso,l) | (8>0)

y1 x1
y2 X2 2
V3 X3 §

a

Py

E\

(Uwlso) &> 00 Ywg) X

yn Xn




Y = A GuinS) U b Saldleo juausi

Lioilolw slas 5L A
Comnstant SE = /A

Lioilobw sl ;5L B
RijopeliticiyalkSIER=

)



wwl Liovbolw Sl b







Ay 12 < 0.975 ,SI
Ca>






au L'J ] P




Udoy Uw
Ly L/
r2<0.975 | >




Qi 391 9 s w Sanldl S|
Cogu Sow WDAigoy

 tugs;l 9 Wodl> Saudiaws>
S S puowod adouw D Sl LSl

Sbuw 4 Sud i ol uﬁaho>
9 aSilw t Ugw;l S S puoual
ug.ol).u U S)9l> US,S dgaxo

I



b salsleo jl « il o> 3,910
Cowl "Oluodl LB cuiS;U

Ve =A ¢ BXY,




LS)Q')

taiaw S Slbs Ud,S vl
TAE = B # 28V
e JS Slos> U auwlino
TAE < ATE ?
HloSaw Hle LSS Clw> &

SM = (ATE-B) /CV



aaS it Sl >lb

)8 v ol s,y ol w ol A8 >
)ll 5 A IK>

Sy lo/ Cusns vl






: o é

Ped =
Pfr <



aasaS Yy Sy Saupi Mg,

= 90%

50 - 90%

< 50%

86




|).>|u.~_o.;5

N=2
3.5 U 3.55 ;) lueo

N=2
loSaw 5 505 Sl 2.55 9 LoSaaw 5 SYU Sly 351 )lo =

N=¢4 =

o )l Ulgicsw 9 Cwl yigs vgiBA f«suigiBX» b 2.55 1 ko =
A o0 ) i Suga” VeIl Udg 9l




U Ly AQCS ulzul tSl)J b)ls.i.uig w&l).ui ,lS.aI,
=] Casas

oS 4 ) -

100 QC puSla> =
N=6; 1:3s/20fs:25/R4s/3:15/6X; Pfr=6-7%

3,5, 9 olSicwd wolais| S sww )"

o) S i il -



Westgard Sigma Rules ™

2 Levels of Controls

Sigma Scale = (% TEa-%Bias)/%CV




Westgard Sigma Rules ™

2 Levels of Controls

Sigma Scale= (% TEa-%Bias)/%CV




Westgard Sigma Rules ™

2 Levels of Controls

- Report Results

I 40
Sigma Scale= (% TEa-%Bias)/%CV




Westgard Sigma Rules ™
2 Levels of Controls

Sigma Scale= (% TEa-%Bias)/%CV







