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It was 1998 when we published the first edition of this book, 2002 for the second
edition, and 2008 for the third edition. Since that time, it might be hoped that
the advances in technology have improved the Total Testing Process to the
point where a book on Basic QC Practices is no longer necessary. Many think
that analytical quality is a given and laboratories should focus on pre-analytic
and post-analytic processes, rather than analytic processes. Let us remind you
that there is nothing more dangerous to our patients than test results that are
wrong! Neither doctors nor patients can adequately inspect the products of our
testing processes to make sure they are okay. They depend on us to make sure
the numbers are correct. Analytical quality is perhaps even more critical today
when patient testing is performed by many different measurement procedures in
different laboratory settings by personnel with different laboratory skills.

Quality is like safety; our efforts must first attempt to prevent problems
from occurring, but if and when problems happen, it is essential they be detected
before they endanger the patient. In a perfect world of analytical testing, all
problems would be prevented. Unfortunately, we do NOT yet live in a perfect
world, there continue to be analytical problems with today’s measurement sys-
tems, and we still need the capability to detect those problems when they occur.
One of the most cost-effective tools for detection is Statistical Quality Control
(SQC). It is a powerful tool when properly designed and properly implemented,
however, SQC can itself be very problematic if poorly designed or improperly
implemented.

You need to look no further than the US regulatory guidelines to recognize
there still are serious problems with QC. According to the CLIA Final Rule and
the related “interpretative guidelines,” laboratories may now comply by develop-
ing Individualized QC Plans (IQCP) based on principles of risk management.
Unfortunately, laboratories have little experience with risk management and the
new risk-based QC Plans may, in fact, be very risky. That’s why this 4th edition
is needed.

This book will help you understand the principles and practices so you can
do the ,2+0*&345&,2+0* The first right has to do with implementing the right
control rules and right numbers of control measurements in order to detect medi-
cally important errors. The second right has to do with knowing how to properly
implement SQC procedures, which involves many details about setting up control
charts, plotting control data, interpreting control results, recognizing when test
results can be reported, and deciding when it is necessary to trouble-shooting
problems and fix the testing process.

Doing the right SQC right is a prerequisite to the implementation of QC
Plans. We introduce the concept of a Total QC Plan that includes a right-sized
SQC procedure as an essential control. A new tool, called Westgard Sigma Rules



provides a simple way for right-sizing SQC procedures. The QC Plan should then
be developed by adding pre-analytic and post-analytic controls, as well as specific
controls that target particular failure modes. Here’s where the principles of risk
management should be useful and we introduce a simplified risk evaluation meth-
odology that should be practical for applications in medical laboratories.

This 4th edition provides a broad perspective on quality management and
increasingly considers the influence of global standards such as ISO 15189. The
English edition still includes a detailed discussion of the US CLIA regulatory
requirements and CMS’s interpretative guidelines for IQCP, whereas other
language editions emphasize the relevant regulatory and/or accreditation require-
ments.

08&1/)23#-45#/(6

This book would not exist without the help of others. A number of colleagues
have helped with the writing over the years and are identified in the list of
authors and contributors. Their help has been critical for conveying the ideas and
practices that are necessary to make SQC practical in medical laboratories.

We appreciate the loyal support of many of you in the laboratory com-
munity! This QC business is a labor of love that is made worthwhile by your
interests in our ideas and your applications of our recommended practices. Your
warm reception around the world continues to inspire our efforts to provide these
educational and training materials.

James O. Westgard
Sten A. Westgard

James O. Westgard
Madison Wisconsin
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In order to accomodate all the updates, revisions, and entirely new
chapters into this edition, yet still keep it a reasonable length, we had to
make a few cuts. Notably, we moved the self-assessment questions and
answers, glossary and reference lists online.

Go to http://www.westgard.com/bqcextras.html for links to these online
features:

* Glossary of terms
* Complete reference list for this book.
* Links to spreadsheets, worksheets and other downloads.

* Access to online QC calculators, including some calculators and plot-
ters not available to the general public.

* New in this 4th edition: free access to an online short course in "West-
gard Rules" — which will allow access to an online lecture as well as
the opportunity to earn continuing education credits.
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I"H6& &(HYH)+$ -&./)OF Do 1/28.$ &3*4&)*4IH5H* 1&OFSHH #4&..0$
5-364#2)$)*$'&)/*' & $* 4B/ )HA'&)/*' & $(-/1#./ H5$+*4$ (**1$.&3*4&)*40$
TA&2)[248$$9*ASH: 8% #:$%& 0$2*- ) 4/#5$81*7)$<=>$?@ ?ABS #$*+$)"#$
(-11#.I'H#5$ +*4% -&.1)0$ &'1$ 2*% T#)# 208 C?D8$ $ =/%/.84% (-/1&'24$ +*4$
19%7 #%6#') ' (S8IEF-&./)) 03G & &(HYo#') $=05)#0HF5S+*- 19/ $2*'54'5-5%
(/1. I HESL#1# < T#1$30$) "#$) /28 $K&3*48)*40$=)&'1&415$<'5)/)-)#S$
LIK=<M;$/'$)"#/4$1*2-%#')58|=2$CODSEAPORSCSDES<'$& 1 1/)/*:$) " #A#S
%0&OSIHSAMH(-. &) *A0SAH, -1 A1Vt )5S/ S5*Uott$2*-") A1H#5:$5-2"$&5$) " HST=$
JK<U$4- #5ECVD;$S&ESWH. $EESTA*+#55/* & (- 1#.IH5$+*4$8224#11)&)/*'$
&'1$/'57H#2)/*;$5-2"$85$)" #SI*. #(HS+SU%HA/2&'$Q&)"* *(/5)5HIUQM:$
I"HEX*/)$I*%06/55/4SL!  XIM;S*ASKUS/'S) #ST=83$

Y/4#2)*45;$ %& &(#45;$ &'1$ 5-T#AI/5*45$ %-5)$ - 1#45)&'1$)"#$
(-11&'24#$ 1%2-%#)5$ )"&)$ (M1#4'S T4&2)I2#5$ I'S )"#/4$ .&3*4&)*408$ $
U'&.05)5$ '##1$ )*$ - 1#45)&'1$ 2#4)&/'S J#2"'28.$ A#,-14#%6#)5$ +*4$
) HSFTHAL) ' $+$8'&.0)/2& . $T4* 2H55H#5,$784)/2-.&4.08) #$I&.1 L&)/ $++$
%ot)" <1588 15=)&)/5)/2&.$F-&./)0$I*')4* $L=F IMBSS>-4$7-4 T*54$/'$)"/5$
[)4*1-2)/*$/5$)*$ 1#524/34$) " #$ 3/($7/2)-A#$*+$ -&.)) 0S Y& &(HYoH")S
&'1$)"#'$+*2-55'$)"#$3&5/25748&2)/12#5%$)"&)$%-5)$3#$/%7 #%# ) #1$&)$
) HSIH2"S M S+ A% &(/'($&'&.0)/2&.$,-8./)08$$

01%,#(2#%*(,+3
ZIHA0* #9)& [5$8:3*-)$-&./)0;$3-)IW" &) ¥ &2). OSL *#5SEF-&./) OHI#E\$S

You can find many definitions in the literature, but we need one that
"#.75$-5%-'1#45)&'1$.&3*48&)*408%,-&./) 0H'$&$74&2)/2& SWEOBSEN#4#$&4#$
some definitions that provide a good starting point:

1 $ UJ=<"U=FJ$ US_?B ASS"#$%&'( )( &*+( & &HSY&'( ,-( -+H&" . +/( #01(
%4 H28&+ . Y01&%62/(,-(#(3.,1"28(, .(I+.4%2+(&*#&(5+#.(,0(%6 &I (H5%$%&' (& (
1#8%]-'(6%4+0(0++C @D8$S$

I'$ X-4&'$aQuality is fitness for use$CRD8
1S J4*530$a$H$%& (%/(2,0-,. 7T#02+(8,(.+8"%.+7+0&C D8

1S YHY%! ($a$ "HSY8 (*,"$L(5+(HYT+1 (H&(&*+(0++1/(,-(&*+(2"1&, T+.(
CADS
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These definitions are from industry and from some of the quality
(-4-5$W"*$(-/1#1$/'1-5)4/&.$,-&./) 0% &' &(#%o# ) B/'S) "#$.&5)$ '&. +$*+$
the 20th century. Notice that all these definitions focus on the needs
*ABA# -[AH#Y0H) 5 +$) HB"I&, T+. ;B/'$*-4$285#%)"#$7&)/#)SL2*'5-%#AMS
&'19)"#$7"05/2/&'$L-5#AMPW " *$&2) 58+ $3#" &. +$*+$) "#S7 &) /#') 8SH|*)#$&.5*$
)"'&)9) " #A4# PN &0P3H# &' 0$L/%6#'5/'5$)*$,-&./)0;H8#8;$%&'0$+#&)-4#55 4%
2"&A4A&2)#4/5)/25%)" &) $A#F % 7*4)&" ) 8FH "#E+*. *W/' (H5$&$(**1$50")"#5/5%
of these definitions and should provide us with a starting point for
understanding quality in a quantitative way:

1'$ JYIS?BARSS+(8"HEY&'(-(H($H5, #&, . (&+/&Y606(/+.4%2+(1+3+01/(
,0(3.,4%19606(8*+(& &HSV&'(,-(—+H#&" +/(HOL(2*# #28&+ Yol 82/ (&*#E&(
2,0-,.7(&,(&*+(/&H&+1(,.(%T3$%+1(0++1/(,-("I+./(,.(2"1&,7+.I(
CBDS8

Note that this definition is 30 years old! Quality management
['$%#1/2&.$.&3*48&)*4/#5$"&5$&$.*'($"/5)*40$&' LEW&SS$*)$/'|1#)#1$30$
<=>$*4PIK=<$*4$IK<UBPS!"*S#S(-/1#./"HE$#Yo# 4 (#1$+4*%$&))#%7)5%5)*$
5-%%&4/b#$*4$2*1/+0$74&2)/2#5%)"&)$"&1 P& A#H&L0S3HH S 1H#1# *TH1S/'S
&3*4&)*4[#5$&'19)*P) A& S+HASE (**1$.&3*4&)*40$7 4&2)/2#5HSY%*4#PW/1#.0$
throughout the field.

This definition of quality acknowledges the “totality of features
&'1$2"&48&2)#4/5)I25H$)" &) $% & [#5%,-&./)0$%-.)/_1/%#'5/*' & .8$$=*%o#
V%HESW"# SWHPLA(-#$&3*-)$,-&./)0; SWH#P&A#$&2)-&..05&4(-/'($&3*-)$
1/++#A4#)$2"&A&2)#4A/5)/25;$#8(8;$&$7"05/2/&'$5&05%) "#0$&A4#$-75#) $&3*-)$
)'#P7**4%,-&.[) 05 +3&P)#5) 8FBCHP&A(-#3)"&) ) "#P)H#5)SWESSH/' 2*)4*.$&'1$
%##)5$)"#$ 44, -/ A#Y#')5$+* 45 &. *WE3 #$#44*48$$d-)$) " #$7"05/2/&'$/5%
&2)-&..0$-75#)8&3*-)&.".0#.,"01(&% 7+ ;RRIH#A0SL/++#4# ) R "&4&2)#4/5)/2$
*+$,-&./)08$<+$)"#$.&3*4&)* 405 4#,-[4#Y%o# ) $+*4$)-4'&4*-'18) /% #SWESS
5#)$&)$?7$*-49&' L) " #PAHT*4)PWESS*)S7 4*I/1#1%-")).$O$ *-45;9)"#'$) "#$
7"05/2/&'$'&5$&$4/(")$)*$2* %7 .&/'$)" &) D) "#$.&3*4&)*40$1/1$*)$7 4*1/1#$
)'#P,-&./)0OS*+P5HAI2#$#: T#2)#18$3!"&)$&.5*$5"*W5S) "#$/% 7*4) &' 2#$*+$
defining$"*W$(**1$)"#$)#5)$*4$5#41/2#$%-5)$3#8

I H*A%& 2HS)$5)&)H 1S ABI%T [HLSHH15; S84, B(*&.5;$*36#2)/I#5;$
A4S At -1AHYH')5;$/55) HS[HOS ) $%&[/'($,-&./)0$&S$,-&)/) &) I#$ &'1$
UoHES-A83 H$ 2"QAR)HAIS)285 $ 9%4$ )-4'&4*-"1$ )/%H#;$ ) "H#S .&3*48)*40$
HH15$)*$H5)&3./5"$/)5SAH - AHYoH )5S+ ASAHT*A) ($4*-) ' #,:$TAI*4)0;$
&' 1S HUHA(H'20$ )#5)$ 4#5-.)58% $ Y/52-55/5$ W/)"$ )"#$ -54#45;$ /'S )"/5$
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2&5#$7"05/2/&'5$&'1$'-45#5;$5"*-. 1$"#.7$/1#)/+03$)"#$2./'12&.$ ##158%$
d#2&-5#3) "H#EWH&S-4#S/5S/'$-')5$*+3)/%#;$/8#8,$%/ - )#5$*4$"*-45,$)"&)$
&A#S-'1#45)**1$30$3*)"$)"#$2-5)*%#4$&'15)"#$.&3*4&)*40; S WH#$ 2&'$
communicate, define, and measure quality in terms of time.

U'&.0)/2&.$,-&./)0$/53"*)$&5$#&5085)*$-'1#45)&' 18SSN*WS$5"*-.1$
)'#BA#,-14#%#)$ 3H#$5)&)H 1\ F="*-. 1$/)$3#$/'$) "#$ +*4%$*&$* W& 3. #$
3/&5;%. *"WE&I . #$/%74#2/5/*';$*4&%. *WE3I #$)*) &.S#44*N\$SU'1$"* WS 1*$
0*-$2*%#$-7TSW/)"$&$'-%03#4\$$<'$)"/5$2&5#;$)"#$7"05/2/&'_-5#4$&'1$
T&)H)_2%5-%#ASL*$*)$'&I#HY) "#H#2"28.5' 1#45)&'1/ ($*$1/52-55%
V'HST#A+* A% & 2H$2"&A&2)#AI5) /255 + S8 FVoH&5-4#Yo#' ) $7 4% 2# 1- 4%, D) "HAH
+*4#,5.&3*4&)*40$52/#")/5)5F%-5) PBHMHAE 7*'5/3 . #$+* 4% 1#45)&' 1/ ($) "#$
2./'12& . $H##ISS&' LS /NHATAH)'($) *S#S ##15$/'$)#4%5$*+$&'&.0)/2&.$
THA+*4A%& 2#$ (*&.585 $!"&)e5$*-4$ 4#57*'5/3/./)0$ +*4$ E/%7 ./1#1$ ##15HS
in the definition of quality. The laboratory must take responsibil
ity because the physician and patient cannot define quality in the
V#2"[2& .$)#4%59)"&)$&AHS-5#1$/'S) "#$.&3*4&)*408$$$$S

01%,#(2#./%*(,+#$%&%'454&,3

Again, we'll start with some definitions, this time from the CLSI
HS1 document that describes a model for quality management [2]:

I'$ 1"#8%&' ()(;+6.++(&,(<*%2*(#(/+&(,-(%0*+.+0&(2*# #2&+.%/&%2/(
fulfill requirements (ISO 9000).
(O 1"#8%&'#H) " *#+,-( )EH.&(-(B"#P%&' (T#0#6+7+0&(-,2"/+1(,0(

providing confidence that quality requirements will be fulfilled
(ISO 9000)

( "HP%&'(,.+&*.8(  )(=#.&(,-(8"#$%&'(7T#0#6+7+0&(-,2"/+1(,0(
fulfilling quality requirements (ISO 9000)

P 1"H#3%&' @0+/%,#&.*)( — Observations, statistics, or data defined
5'(&*+(,.6#0%>#8&%,0(,.(/+.4%2+(&*#&(&'3%-'(&*+(3+.-,. T#02+& (#
6%4+0(<,.?(3.,2+//(#01(3.,4%1+(+4%1+02+(&*#&(&*+(,.6#0%>#&%,0(
or service is meeting its quality intentions (AABB).

I'$ I"#$%&'(0#+#1-0-+&(  )(@,,.1%0#8&+1(#2&%4%E&%+/(&,(1%.+2&(#01(
control an organization with regard to quality (ISO 9000)
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L( 1"#$%&' 0#+#1-0-+&()")&-0( YA#O#6+T7+0&('/&+T7(&,(1%.+2&(
and control an organization with regard to quality (ISO 9000);
Note: Systematic and process-oriented efforts are essential to
meet quality objectives.

P( 1"#$%&'(2.9%,'( — Overall intentions and direction of an
 6HOY>H&Yo,0( . +$H8+1(&, (8" #$Y6& (#I(-, THSS (+B3.+//+1(5'(&,3(
management (ISO 9000)

P( "#$%&'())&-0( -)-+&%#$)( - Set of coordinated building
blocks for quality management. H3$CN=?D$1#524/3#5%)"#IEF-&./)0$
System Essentials” (QSE) as follows:

f$ Y*2-%#)5$&'1$9#2*415;%

f$ >4(&/b&)*;$

f$ Q#45*"#.;$

f$ Z,-171%#)$

f$ Q-42"&5/'($&'1$<'I#)*40;$

f$ Q4*2#55%$3*)4*.;$

f$ <+*4%&)*'$G& &(#YoH');

f$ Z:)H4'8.$8&'1$<)#4'8 SUSSHE5%#):$

f$ Q4*2#55%<%74*1#%#");$

f$ J-5)06#A$=HAI/24$8'1$=8)/5+&2)/*;$&'1

f$ 9&2/./)/#5$& ' 1$=&+#)08%$

These definitions, though official and widely used in the ISO and

IK=<$1*2-96#)5;$1*$*)$308) #Ob5H. I#5$244#8)H$&'$- 1#45)& 1/ ($*+$
W"&)$)*$1*$)*$%& & (#$,-&./)0;$*4$*W$)*$1*$/) 8$$F-&./) 0% &' & (#%6#') S
[5$8&$2*%7 .#:$74*2#55%)" &) H/'|*.1#53% & '0$# . #%0#")5;$2*% 7*'#')5;$&'1$
#55#')/&.5$ &' 1$4#,-/4#5$2&4#+- . $*4(&'ID&)/*' $ &'1$/%7 #%#)&)/*'8%

U'L$ 4H%#%3H#4% )"8)$ E505)#%6&)/2$ &'1$ T4*24#55_*A/#)#1$ #++*4)5$ &4#S$
HE5H#')/8.$)*$%0##)$,-&./)0$*3642)/I#58H
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01%,#(2#%#2+2,45%,(-#678-422#98 7#5%& %' (&'#:/%*(,+3#

9*4$ .&3*4&)*40$52/#')/5)5;$/)$ %&0$ 3#S #&5/#4$ )*$-'1#45)&'1$ ,-&./)0$
management in terms of the scientific method. We all trained in the
fundamental approach to scientific experimentation, as described
30%$)"#R.&'_Y*_J'#2[ _U2)$LQYIUMS202.#8$$c#S #&4'H#1$)*$/1#')/+0$&$
T4*3.#%$*4$,-#5)/*,$7.&'$S &' S#: T#4/%#)$)*$&114#55%) " #$/55-#;51*$
V'HSHTHAIYH'); $2" #2[$) "H St TH#AIYo#") &.$1&) &; ) "#' $&2)$'$) &) $1 &) &85
>+)#$) " H#8&2) M SHELIEH)* ST &I ($&I3H) JHANE THAIYoH ) $& 1 $AHTHE)/'($

) #HET4*2#558-") IWHS&KAHS&3 #$)*$2*'2.-5/I#.0$& BWH#4S) "#$,-#5)/*'$*+$
interest. We can adapt this scientific approach to provide a model
+*48$,-&./)0$%&'&(#%#'); $&5$5"*W'$/'$9/(-4#$?_?8%3$

B4@&'(&447(&'
@ (AHO (5%H#H42('&
<4%&
B(2C# % __ @sEm@F
$9%8%'454&, ’>/(D4*(&42
< &) (*
>/(0,.#)1 y (-
>&264-,(8&
@(A#@(S% )--74D(,%,(8&
- #) =#)(!

. /%*(,+#>&D(-%,872
23+4,$3856B8&'9&:4"93* &<"="+$#$=*8&>7:<?&/,8@$%%&2, #$A8,B&"=-&
$9"*$-&C,8+,"#%&D8,&:4"93* &E#C,8F $#$=*(

This model clearly reflects the PDCA cycle, where the “plan”
/53&)3)"#$)*7; SE1*HS1#524/3#53)"#$.&3*4&)*40$74*2#55#5$+*45(#))/'($)"#$
WHA[$1*'#;$E2"#2[HY/'2.-1#5$3*)"$,-&./)0$2*")4* $&'1$,-&./)0$&55#55 _
ment, and “act” reflects the actions needed to correct problems and
1%74*1#$) " #$74*2#5588<'$1#524/3/'($) "15$74*2#55;$WHe..$5)&4)$W/)"$)"#$
“do” because the definition of work processes and standardization of
how the work gets done is usually the first step in managing quality.
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"HS%&'(f$+,-$'-().-,/01101)2".3 SAH+HAB) D) HT.[2/4#5;%
74241 - 445, $THAS*"#.$5)&'18415;$7"05/28&. $AH#E*-424#5:$)28,9)"&)$
TH)HAY%! HS *WSW*A[S(#)5S1*#$/'S) " #$.&3*48) *408$BK &3*48)*40$
Uott) "*1$%& -& 5S1#524/34$) #$5)&'1 &A1 THAR) [ ($T4*2#1-4#5%
L=>Q5M$&'1$74*24554#5$+*4$74*1-2/ ($)#5)$4#5-.)58

"H$06&'()4,5'-,%)2"43  SAH+HHABS)*S TA* 24 1-AH#ES+*AS%e* ) <4l ($
WHA[$T4*24#55H#5;$1#)#2)/ ($74*3.#%5;$8' 1$%& ]/ ($2*44#2)/*5$
TAI*4%)*9) #E1#./1HA0$+$74%1-2)5$& 1 $54#41/24#58%$) &)/5)/2&. $FIF5S
8SU&E*ASTA*2H1-AHS+* A% ) 4] () HS& &.0)/2& STHA+*A%E 24
“+$.&3*48)*40$)H5)/ ($74* 2H554#58

"#$5%8&'()611011705")2"63  $4#+#45%5)*$)"#$34*&1#A45%*')*4/'($
*+$*)"#4SL/%# 5/ 5$4$) " #4$2" &4&2)#4/5)/25$*+$,-&./)0$5-2"$&5$
)-4'&4*-"18)/%#; 57 &)I#$T4#T&A&) [+ $57#2/%#'$&2,-/5/)/*';$
&'1$AH5-)SAHT*A))'($)"&)S &AH#S Yo' [)*4#1$)"4*-("$ 34*&1$ FUS
activities. Proficiency Testing (PT) or External Quality
US5#55%#)$ LZFUMS 74*I/1#$ &'$#:)#4'& . $*4$ *-)5/1#$ Y%o#&5-4#$
*+$THA+*4%E& 2#8SS]*)HS)" &) SWHS-5H#P) "#E)HA%S&E5#55%#)$ " #4#S
I'5)#8&1$*+$ &55-4&'2#$ 3#2&-5#% )"#$ #%7"&5/5$ /58 *'$*3)&/'/'($
%o#H&5-4#5%*+$,-&./)08$PF-&./)0$&55-4& 2#$/58) "#E*-) 2*Vo#$*+$) "#$
W' #$574*2#55;$*)$5/%7.05&$2*% 7*'#)$/'S) "#$74*2#558

"#$%&'() 879-,:0705") 2"83 $/5% &/%#1$ &)$ 1#)#4%/''($)"#$
root causes or sources of the problems being identified by QC
&'1$FUBSS!"#$2&-5#5$*+$5*%0#$74*3 . #%5$2& ' $3#$1#)#4%/'#1$30%
individual analysts, but many of the most difficult problems

4# -1 AH QP HE&Y0ST 4*3 #%_5*.I/'($74*2#559)"&)$)/.Ib#5%57 &4)/2-.&4%
QI tools (such as flowcharts, Pareto diagrams, cause and effect

or “fishbone” diagrams, force field analysis, etc.).

"#5%&'().%$55&5;)2".3 RIW1LH$%E&'()<01&;53 HE5R*'2#4'H#1$
W/)"$#5)&3./5"'($&' 1D &./1&)/'($74*2#55#59)" &) /ot ) R2-5)*%o#4$
'##1583 $ "#$ 5#.#2)/*'$ &'1$ 1&./1&)/*'$ *+$ '#W$ %#)"*15$ &'1$
instruments fits here, as well as the selection and design of
=)&)/5)/12& $FIF74*2#1-4#5$&'1$&'&.0)/2&.$,-&./)0$505)#%58

"H$%& (F,$%1)2"=3 SAHTAHSH')D)"#S36H#2)/IHES ASAH -1 A#YH#')5S
)"&)$%-5)$3HS&2" [#1#1$)*$58)/5+0$) #$ H##15%*+$2-5)*%#458$$9*4$
8'8.0)/28.5,-8.1)0;$) HSA# -1 A#Y%#)$5"*- 1$3HS)* ST A1 [1#$)#5)$
4#5-.)5$)" &) S&AHS2*A4#2)SW/)"['$5)&)H1S./%/)58$$<=>$*+)# $-5#5%
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)'HP T AKSHIE)# 1#1$-5H#HS KOS &P (#'#A& . $#: T4#55/*'$*+$2./'/2&.$
needs or requirements, but we want to be more specific here
and clearly recognize the importance of defining the goals and
A#,-14#%#)53)"&)$%-5)$3#S&2" [#I1#1$)*$5&)/5+03) "#$ ' ## 158 +*4$
E/#1#1$-5#8H

"#5HS2* U THH#)SSW*A[$)*(#) ' #4$)*$74* |/ 1#$&$+##13&2[$.**78$$
QLP defines the policies, procedures, and processes that are needed
S (#)$) " #IW*A[S 1 #8SPFIS &' LS FUS %#&5-4#$ *WSWH..$) "#IW*4[$/5%
#))/'($L¥#BSSC"#'$74*3. #%5P&AH#PLH)H#2)# 1, $F<$+*2-54#5$*'$) "#P4**)$
2&-5#5;$ W"/2"$ 2&'$ )"#'S 3#$ #./%/'&)#1$ )"4*-("$ FQ;$/'$)"/5$ 2&5#%
&2)-&..084#_7.&"['($)"#S)#5)/'($74*2#55#58&'1$/% 7 #%# )/ ($'#WS
&'1$3#)HASWEOS5$*+$1*/'($) " #HIW*A[;$W"/2"$.#&158)*$2" &' (#5$/'SFKQB$S
I"-5;$)"/5% %&' &(#%#)$ 74*2#553 74*1/1#5$ &$ 202 .#$ +*4$ 2*')/'-*-5$
improvement of quality!

An important insight is that the definition of quality goals and
)'#PI%T HY0H)&)/*$*+$&SF-&./)0$Q.&"/'($74*2#55$&4#$#55#)/&.$)*$
quality assurance! Yet these two components are often missing, or
not well-developed, in many laboratories today. Just as well-defined
financial budgets guide our management of resources, we also need
#A44*4_3-1(#)59)*B(-/1#F*-43%&' & (#%o#') $*+3,-&./)0$C?hD8$S=-2"$#44*4$
3-1(#)5% &4#$24/)/12&.$+*43 ) "#$ 5# #2)[*$ &'1$1&./1&)/*'$*+$ &'&.0)/2&.$
%#)"*153&'1$&.5*$+*4 ) "#EL##.*7%o# ) B+ B I$505)#%59) " &) H(-&4& ) ##$
WHSL*$*)SH#457# 1$&'1$74* 1-2#)#5)BA#5-.)59)" &) S 2##19) "#S1#5/4#1$
requirements for quality. The need to define “)*.#4&'2#$./%/)5H$*4$
&. *WE&3 . #$#44*458/5$ &' $#55#")/&.$ 7&4)H*$$/(N&SFG$ C??D;$)"-5%
)'#SH ) E/A$*+SIFGIW/) " $=/.$=/(%&$2*'2#7)5$&'1$%#)4/25$%&[#5%5
-&.)0$% &' & (HYo#')$&$%-2"$%*A#$,-&')) &)/ 1#$74*2#558$$$

I"/5$,-&.1)0$% &' &(#%#")$74*2#5552& '$3#B& 7 7. /#1$)*$&'0$7 &4)$*+$
)" #$5.&3*4&)*40%)*)&.8)#5)/ ($74*2#55$&'1$) " #4#$&A#$%&'0$&11/)/*'&.$
tools and techniques that enhance this central process:

I'$ 4*>8)$5?)8>@)#&20%&501)85?)1'$52$-71) 74*I/1#Y(-/11&'24$
“$3#5)$.&3*48)40$ 7482)/2#53)"8)$5"*-. 1$ 34$/% 7 #%6# H1$/'S
)"#$.83*4&)*40i

I $ 85190/'&,5)$5?)$//-072&'$'&,5)  TAH/LHSE'SH)HA'&.$&-1/)$*+$

)'#$.83*48)*408$,-&./)0$505)#%$)*$&55#55SWHE[ #554#53) &) $##1$
1%T7 4% 1H%#)i
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V68 (BE&IS' 1) &AHE-&'))&)IHB* ) ABS+ETHA+A%& 2HS
)"8)$ TAI/1#$ &'S &E5#55%#)$ &'1$ 2*%T&A/54'S *+$ .&3%48&)*40$
5#41/2#5iProficiency Testing (PT)$& 1$AB'0-5$%)"#$%&'()
6110117052A"63 $&4#3$2*%%*'.0$-5#1$&5%#:)#4'&.$%*')*45$
*+$&'&.0)/2& $THA+*4%&'2#i

>&B)>&;7$) T4*|/1#5$,-&')/)&)/IH$)** 5$+*A$%#8&5-4/'($,-&./)0%
&(&/'5)$ 4#,-14#%H)5% *'$ &' &35*.-)#$ *4$ =/(%&_52&.#:5 W/)"$
1'1-5)4/8 $3# 2" % &A[SSHAS WH1$-8.)0$ /*"$1 $BH#ILR_=/(%&M$
&'1$ W"&)$ -&./)0$ /53 *)$ &224T7)&3 H#$ +*4$ 4*-)'#$ 74*1-2)/*'$
TA*24#55#5$L3# XWSS_=/(%&Mi

C&1D) 7$5$;0705)  74*1/1#5$ )**.5% 5-2"$ &5DE&/.-4#$ G*1#$
Z++#2)$U'8.05/5$ LOGZUMS )*$ /1#')/+0$ 2&-5#5$ *4$ #44*45$ &'1$)*$
TAXLHK- 18 2HSH* A/ ) (&)/* $+$A/S[SEL7A#IH) 1+ SL#)#2) 1+ $

H#.I%] &)1+ $4#2*1#AOMISQR)/#)$=&+#)0$ 74*1/ 1#5$&'$#% 7" &5/5%
HS/1H)/+0/'($8' 1$2*44#2)/'($74*3 #%5$/'$)"#$ Total Testing

SI011 S WY2'$ [2.-1#5% T4# &'&.0)/2;$ &'&.0)/2;$ &'1$ 7*5)
8'&.0)/2$ TA*24#55H#5$ L*4$ T4#_#:&%/'&)*;$ #:8%/'&)/*$ &'1$
7%5)_#:8%/'&)/* $T4* 245545 $/'$<=>F)#4%/* *(OM8

<01&;5) E,-) >&B) >&;7$) 74*1/1#5% &$ 1#)&/.#1$ 7.&"/'($
%#)"*1* *(0S+*4 32" 1#1/'($,-&./)OH(*&. 58 1F% 7 4*I/ ($74*2#55%
THA+*A%& 2#iSgH_#' (I'HHAI' (7 4*/1#5B(-/1& ' 2#S+*4$%&6*4$4A#
1#5/('$+$74*2#554HBt&' ST 4*|/ 1#5$& $%#) "*1*.*(0%)" &) $+*2-5#5%
on reducing cycle time to optimize efficiency and reduce cost.
"#$&77./12&)/*'$*+$*0$5 $/'$.&3*4&)*4/#53)*1&0$1#%*'5)4&)#5%
)'#HSHI*.-)$*+$3-5/'#55$74*2#55%4# #'(I'HHAl'($&'1$&))#5)5%

to the increasing importance of planning! When coupled with
=/:$=/(%&SL*+)#'$2&. #1P$5)>&B)>&;7$ M;$.&3*4&)*4/#5%"&I#$
a planning methodology that combines efficiency and quality.

U..$*+3)"#5#B&T774*&2"#5$5-77 #%#")$) " #$2#)4&.$,-&./) 0$%&'

&(#YH)$74*2#553&'1$2*)4/3-)#$)*$3#))#4$,-&./)0$ % &' &(#%#')$30%
TAX/L1($ HWS)#H2",-#5;8)**.5;3 &' LS %o#)"*1*.*(0$ +*4S 74#I#)/1#$
&2)/*'5;$2*44#2)/I#$&2)/*'5;$/'1/128&)*45$*+ S THA+*4% &' 2#;$%#&5-4#55*+$
quality, identification of root causes, optimization of quality, reduction

of costs, maximization of efficiency, etc. They should be understood
&5$78&4)5+9)"#9)*)&.$,-&./) 0B & &(#%o#") $74*2#55; 3 4$F-&.[) 0BG &' & (#
%#')$=05)#%SC?0D;$*)$&55&.)#4'&)/1#5%5)*$)"'&)$74*2#558$%
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PE*OLHBHE ') ;D) HELI++HAH) D SSAH. 8)H D) HEHI#. S +F VT 4*1H
%H')$)"&)$/5S1H5/483 HBE'1$) HBEYo ') $++$2" & (#$)"&)$/SS HH#1H#1;$&5%
Wi, $859) HSAH5*- 4 24#5$H2H#55&409)*$5-77+4)9)" &) BH#I#. $+H % T 4*#9%#')85S
<'1/1/1-8.$8/&.05) 5PN *SRAHBAHE T+'5/3 H$+*ASL/++#4#)$8 &.0)/29605)#%5$
28'S/1#')/+0$74*3 H%ESW/)"$) *54#$505)H%5$& 1S%&[#S/% 7 4* [H#Y%t)5$
VST AR S ASLH)H2)$) *HST 4*3 HYDBSS=H2)/* $&' LS1H7 &4) Yol D) H&I65S
W/, $3HSH2HE58A0$+*4$34* & 1HASTA* 2H55H#5$8. 19%6&6*4$/% T A 1#Y%6#)5$/'S
8'8.0)/2&. 3 T4*2H#55H#5S W/)"I'S &$ .&3*48)*40;$ +*4S #:&% T #:$)*$ L#I#.*T$
HH+#2) /145 &'8.0)/28.$ ,-&./)0$ 505)#96585 $ JA*55_+-'2)/*&.$)HE&Y5SW/..$
3H$' H2H558408)*$& 1 14#55$) #ST4# &'&.0)/2$&'1$7*5)_&'&.0)/2$784)5$*+$
)" #$1%)&.$IH5)/ (S QA*2#E5#5S$ & 1$)*$ 1#1#.*7$34*81$,-&./)0$505)4#%5%
)"&)$&114H#55$) HEHH15S+$) " H#S7&)/#)$2%' 5-%o#4$B8. 1$7"05/2/&'$-5HABSSS

01%,#9%-,(I(, (42#,%CA#BT (8T (, +H#(&H(56*454&., (&' H:1%6*(,+#
59689%'454&,3

"G IK=<$N=?$ (/14 45$ 4H2 %Yot 1$) HS+*. \WI'($ TA/*4])#5$+*4$
1%7 #%#)/'($)"#$ Quality System Essentials:

“Confirmation of leadership commitment is paramount to the success
of quality management system implementation. QSE organization
needs to be one of the first QSEs implemented.

19%+( -,$%,<%06( #2&%4%&%+/( [+&( &*+( -,"01#&%,0( #01( 1%.+2&%,0( -,.(
%73%+7+08&%06( &*+( 8"#$%&'( 7#0#6+7+0&( /'/&+7( #01C( 2#0( 5+(
%73%+7+0&+10Q60@*+(,. 1+.&*#&BG+/& (" Y&/ (&*+(@B#.&%62"$#.(+8"%.+7+08&/(
of the organization or service.

3( ;+4+8$,37+0&( ,-( &*+( 8"#$%&'( THO"#$( 1,2"7+0&/( (QSE:
Y*2-%#")5%$&'1$g#2*415M

1'$ ;+4+$,37+0&(,-(&*+(3.,6.#7(-,.(,22"..+02+(7#0#6+7+0&(
(QSE: Occurrence Management)

1'$ +4+%,37+0&(,-(3.,2+//+/(-,.(2,0&.,$3%06(1,2"7+0&/(#01(
+2,.1/( (QSE: Documents and Records)

!'$ Analysis and validation or verification of work processes,
<%&*(1+4+$,37+0&( ,-(3.,2+1".+/(#01(%0/&."2&%,(QSE:
Q4*2#55%$3*)4* Mi$&'1

!'$ Implementation of process controls (QSE: Process Control).”

Page 17



Basic QC Practices, 4" Edition

G&&HYH)S 2°%%/)%o#)$ &'1$ HE&IHAS"ITS &AHS 241)/2&.3 )"H#S
5)&A)/ ($T*/')$+*4%,-&.1)0$%& &(HYoH'):$&.* (SW/)"$#5)&3./5"($&'S
*4(8 I0&)I*'&.$5)4-2)-4H$)"&)$5-TT*4)5$) #1#I# *TUe#)$&'1$1*2-
Uott)&)/*$*+$,-&.[) OPWHA[$ 7 4* 2H55H5, SEESWH. . $&5SYot) "+ 1$18./18)/*:$
T4*2455$2%) 4% [ $&'1$*22-44H 2HS %X ) *4] (BSS<'S) "HS 2% #:) $*+$)"H#S$
-&./)0B Y& &(HIH')S TA* 24558 'S O/ (-4HS?_2:$)"HS LI *T%o)$ &'1$
1%2-9%6)&)/*'$*+SWA[$7 4* 2#E5HE$2* AAH5E T+ 15$)*$-4$2+ 0% T+ #)$+*4$
F-&./)0$K&3*4&)*40$QA* 2H#55#58$S!" #EY%* ) 4l ($*+$THA+*4%& 2#$/&$
T4*2H55$2%) 4% $&'1$*22-A4H# 2H$Y* ) A ($2*AAHE T+ 1$)*$*-4SF-&.
1)0$I*)4* $&'1$F-&.[)OSUSSHE5%#)$2+ 06 7*#)58$$!"-5;$+ 2HSW*4[$
T4*2H55HESRAHBHE)&3. /5" #1;9) " HSH:)STA* A1) OH/5ST 4* 245582+ 4% ;SW"/2"$
[5$)"#$++2-5$*+$)"/5$3**[8

01%,J2#,14#68(&,3

Q)HEHY7*4)&)$) S 1#45)&'19)"&)$=)&)/5)/2&. $F-&./)0$I*)4* H5$-#$
784)$*+$) HSHHA&..$,-8.1)0SY6& &(HYoH')$T4* 2H55$*4$505)#%:$3-)$/)$/5$
&'SH/+0&YoBBEA) 8 19%-5) ' I*. [#58...$)"#$8'&.05)58'S) " #$.&3*48)*4085%
>)"H#A$784)5$%&0S/ * 1H#$% &/ 03)"H#$.&3*48&)*40$1/4#2)*4; %8 &(#45;$
&'1$5-THAI/5+45;$3-)SFIS/ I*. [#5SHI#A0 #$8 1$HIHA0* #$%-5)$ ' &I#S$
SHOLHSHL-28)/* $& 1) 481 1 ($)*$28A40$*-)$) " #IASAH5T+5/3].[)/#58$$<'$

)" &) $5H 5t SF IS/ 5B SHE5H') 8. $2* U T #)# 20$+*438...$.83*48)*40$8 &.05)5%
&'1$8$+-"1&%6#)&.$5[/..$)" &) $%-5) $3H#$&B5-4#1$)"4*- ("$74*+#55/&.$
H1-28)/F$&'LSI_SHAI2HS) AR (B$$<'D) #5HS2"&T)HA5: SWHel#S1/I/1#1$

)" HS %0&)HAI&.5S ')*$ +*-4% &AHEES +*4$ 5)-10$ )"8)$ &AHS &TTA*TAI&)HS +*4$
*THAR)A5$8 138 & 05)5SW"*$" &IHSLI++H#AH)S #I#.5$*+$A#57+'5/3/./)08$$

Basic Training 101 - Applying SQC8$ $]*)$ #I#40*#$ '##15%)*$
S1#45)&'1$ +4+.'&*%06/')"/5$3**[;$3-)$#I#40*' #$5"*-.1$5)-10$)"/5$
first group of lessons. These chapters are concerned with doing
SQC, understanding its importance, and recognizing how it fits
I')*$) " #$*|1#4&.. $FI$Q.& $*4$F-&./)0$=05)#%8$$!"#5#$.#55*'5$&55-%#S
)"&)$)"#$)#5)/'($&T77.12&)/*'$/55*1#A5H## $30$5* Yo #EW"*$) & [#5$2&4#F
*+8)'#S$)#2"12&.$1#)&/.5%*+5#5)&3./5"/'($*4$/%7 #%#) /' ($FI; $W"/2"$
&A#$1I#524/3#1$/'$.&)HAS2"&T)#458

U'&.05)5$W*4[/'($/'$&$74*1-2)/*'$.&3*4&)*40$ ##1$3#))#4$5[/..53/'$
MN#ATA#) ($FISL&) &8P Y#2/5/*'58&3*-)$&22#7)/'($*4S4#6#2)/'($)#5)$
4#5-.)55%'$) " #$3&5/5$*+$FI$5"*-. 1$ 3#$ 2. #&4$ &'1$ . *(/2&. 88 S N*WHI#4:;$
it 1s still difficult to know what to do when there is a problem. QC
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14%.3 #5"%) [ ($4#,-| AHESESLHATHAS 1#45) &1 (S8 19 ) HATAH#) &)<
*+$FIS1&) & SFI$AH#2*415;$& 1$ZFUSAH5-.)58

Basic Training 102 — Implementing the Right SQC Right8$$
U'&.05)5% W"*$ "&I#$ 4#57*'5/3/./)0$ +*4$ 78&4)/2-.&43% Y%#)"*15% &'1$
505)#%5;$*4SW" ™ SW*4[$/ LH#7# 1#").03W/)"$./)) #$5-T#AI/5/* ;S #H#1S
)*$-'1#45)&'1$) "#$ 1#)&/.58 *+$ FI8$ $ FI$ &2)-&..0$ 5##%5$ #&508 W'H#'S
#1#40)"['($/5$74*T#4.0$5#)$-7$&' L$%&/)&/#18%$$d-)$)"&)e5$™*)$) "#$
5N)-&)*'H P& 0$ &3*4&)*4/#58FH*-$H## 1) * PH 3 AP * R &.2-. &)#HI*)4*.$
J%)5$74*7#4.0;5/%7 #%# )& TTA*T4I&)#S2*")4* $4- #5$&'1$'-%3#45$

of control measurements, and define when controls will be analyzed.
These are complex issues that are influenced by both regulatory and
accreditation requirements, as well as scientific principles.

=0 #$a$ 74*3&3.08."  $5/2#$0*-e4#$ ) " HI T H#SA#&L/($) "#E 3 [$as
needs to define what QC procedures are to be used for the tests in
0*-4$.83*48&)*408%$!"/5$4#57*'5/3/./)0$*+)# $4#5/1L#5SW/)"$) "#$%#1/2&.$
1/4#2)*4$*+$)"#$ .&3*4&)*40;$ 3-)$ %&0% 3#$ 1#.#(&)#1$)*$ %&'&(#45$*4$
5-7#41/5*45$4%,-&./)09)#2"12& .$57#2/&./5)58$=*Vo#* #$##15$)*H *W$
"WE)*$5#.4#2)%) " #54/(")$2*)4* $4- #53&'1%) " #B4/ (") $ -%3# A4S +$2*)4*.$
YoH&S5-4#%#')58$ $1"/5$ 74*3.#%S$ *+)#'$ &4/5#5S W'#'$ *.1$ %o#) "*155 *4$
505)#%5$&4#$4#7.&2#1$30$ HWHAS#5$)"&)$" &I#$3#))#4$5)&3/./)0$&'1$
THA+*4%&'2#;$ 3-)$)"/5$ &2)/1/)0$5"*-.1$ &.5*$ 3#$ 78&4)$*+$ )"#$ &"-&.$
4#|[HWS*+$.&3*48&)*40$74*2#1-4#58$$C &'0$.&3*4&)*4/#5$2*") - #$)*$1*$

)" HSES&Y#E* LSFIHS3#2&-5#F) "#0$1*'e)$[* WS *W$)*$7.&" $1#5/(;$*4%

S5# #2)$FI$74*2#1-4#5%)"&)$&22*-)$+*4$)"#$,-&./)0$4#,-/4#1$303)"#$
V#5)$& 1) " #S%oH) *1$TH#A+*4%& ' 2#$*35#41#18

Basic Training 103 - Developing a Quality Control Plan.$3U5%+3$$
X&'-&4030h?R;$%#1/2&.3.&3*4&)*4/#5H/'S) "#ST=3"&I#$&PH#WS*7)/*' $+*4$
FJ$30$/%7 #96#')/ ($8$4/5_3&5#1$FI$Q.& 8SSAH#2&-5HS*+$/' 24485/ ($
#907"&5/58"$A/5[FN& &(#Yo# ) H'$<=>$5)&'1&415;$ &3*4&)*4/#5$84*-'1$
)'H#E W*4.1$ "&I#$ 3#2*%#S [N #A#5)H#1S 'S 4/5]_3&5#1% FI$ 7.&'68% I"#$
&1I&)&(HS+&IFIPQ.&'H59)"&)H) SR |#A&(HY'2.-1#5574#_&'&.0)/2$&'1$
7%5)_&'&.0)/2$7" &5H5$+$)" HHI¥) &.$IH5)/'(SQA* 2H55$& 1H) /%67 #96#)5$
specific analytic controls targeted at identified weaknesses or failure
%*1#58H " #ST=H%7 #%0#")&)/* H(-/ 1./ H5PA#2*%%o#' 1 5&$,-&./) &)/I1#$
74*24#55% )*$ /1#)/+0$ "&b&A158% g/5[$ #18&.-&)/*'$ 5. 1$ )"#'S +*. *W$

)*$ &55#558)"#$/%7*4)&'2#$*+$ #&2"$ 7*)#')/&.$"&b&A1$ &'1$/)5$4/5[$)*$
78)/#)58$$9%4%& $4/5[BH18..-&)/* S(# #A&... 0BV &[HES-5HE+$&$2*%6%*'$
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['1-5)4/&.$)** $[*W'$&5$9&/.-4#$C*1#5$&'1$US5#55%#")$U'&.05/5$
(FMEA). Anintroduction to a simplified FMEA process is described
V*$74*1/1#$) " #$3&5/2$+A&YVoHW*4[$+*4B4/5[$#1&.-&)/*'8$S

Basic Training 104 - Building a Quality Management
>(1'07 8% $=FJI$/5%)"#$ +*-'1&)/*'$ +*4$ ,-&./)0$ %&'&H%#)$ /'S &$
%#1/2&.$ .&3*4&)*40;$ 3-)$ %&'0S$ *)"'#4$ ,-&./)0$ %&'&(#%#)$ )**.5;$
V2" -#5; 98 157 4*(4& %5 R A#S-5#+- S+ 4. 7&' 1/ ($,-&./)0$74&2)/12#5%
V*$ 74*1/1#S$ &S 2*% 744" #'5/1#$ ,-&./)05 %&'&(#%#')S 505)#%8% $ >)"#4$
748&2)/12#5;$5-2"$ &5% %o#)"*1$ #1&.-&)/*";$ &A#HS #55#')/&.$ +*4$ 5#.4#2)/'($
&TTA*T4/&)HS Yo &5-A#YoH')$ T4*2#1-4#5$ &'1$ &4A#S &$ TA#AH,-I5N#S )*$
S5# #2)/'($&T74*74/&)#HS=FIS74*2#1-4#5835Q&4)/2/78&)/*'$/'$74*(48&%5%
for External Quality Assessment or Proficiency Testing are essential
+*4$ %" )*4'($) " #S 4*-)'#$ ,-&.[)0$ &2"[#1#1$/'$ &$ .&3*4&)*408$ $ U..$

) '#5#$)** 5$&'1$74*(4&%0552& S3#HH ) #(A&)#1H')*$&S=/:$=/(%&IF-&./)0$
G&'&(#%0#")$=05)#%$)*$74*|/1#$&$74&2)/2&.$5)4-2)-4#$+*4$%&'&(/'($
-&.)0$/'$&$%#1/2&.$.&3*4&)*408
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2. Understanding Statistical Quality

Control (SQC)

I"#$9%&'(&)$%*+" -.&/01

The product of a laboratory testing process is a number. Unlike a
physical product that can be inspected to assess whether it looks
good or bad, you can’t look at a test result and tell whether it is valid.
247 — what do you think? If this is a patient sample, do you think
the test result is of good quality or not (meaning the correct value)?

Assume the value of 247 is measured on a stable sample that
has been analyzed before and has the range of values shown in the
histogram below. Do you think the test result is of good quality?
Given that values between 240 and 260 have often been observed in
past measurements, it is expected that this new value should also
fall in that range if everything is working acceptably. Therefore,
other patient test results included in this run of measurements are
also probably correct.

-.,/01"*2

"#EUHE'(

° =] * X
% b £ 8 8 B g
I+ I# H* H* H* H+ I+

)*+%##,

23+4,$85678&9:&$; " #<=$&>3%*?+,"#
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A simple graphic tool — the QC chart

In the medical laboratory, control charts are used to compare today’s
observed value of a stable control material with whatis expected based
on past history. As shown in Figure 2-2, by turning the histogram
sideways and spreading the results out according to the time they
were collected, it is easy to see how each observation compares to
the expected distribution or range of past observations, which are
described by the central line (expected mean value) and certain
limits calculated from the mean and standard deviation (SD) of past
control data. In this figure, the limit lines correspond to the mean
+1SD, +2SD, and + 3 SD.

Assuming a Gaussian or normal distribution, it would be
expected that about 68% of the points fall within the mean + 1 SD,
95% within the mean + 2 SD, and 99.7% within the mean + 3 SD.
Therefore, it would be very unexpected (0.3% chance) to observe a
control value greater than 3 SD from the mean and such an obser-
vation usually indicates there is a problem with the method. It is
somewhat unexpected to observe a control value greater than 2 SD
from the mean, but this will happen at least 5% of the time when
analyzing one control per run, soit may indicate a false alarm instead
of a real problem. It is very common (32% chance) to see individual
values beyond 1 SD from the mean, therefore this control limit is of
no value for making a judgment about method performance based
on a single control value.

That’s the idea behind Statistical Quality Control. See if you
can get the right answer for a sample with known values. The right
answer is actually a range of values that are calculated from the
mean and standard deviation of past results. That mean and mul-
tiples of the SD can be shown on a control chart to make it simple
to plot new control measurements and see how they compare with
the expected range of values.
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. I"HS%& () (*'+,&"-.&'01'/'23'3,/%4
e Determine the expected distribution of /,01-,23
4526.7
eCalculate mean and SD from control data to
establish control limits for chart
* Expect control values to fall within control limits:
95% within 2 SD
99.7% within 3 SD
¢ Plot control values vs. time on chart
¢ |dentify unexpected values
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In the beginning, there was Shewhart

Walter A. Shewhart was a statistician at Bell Telephone Laboratories
who developed the scientific basis for statistical process control.
Shewhart stated that:

“the object of industry is to set up economic ways of satisfying
human wants and in so doing to reduce everything possible to
routines requiring a minimum amount of human effort. Through
the use of the scientific method, extended to take account of modern
statistical concepts, it has been found possible to set up limits
within which the results of routine efforts must lie if they are to be
economical. Deviations in the results of a routine process outside
such limits indicate that the routine has broken down and will
no longer be economical until the cause of trouble is removed.”
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Shewhart made this statement in the preface to his book on
the "#$#%&" (#P)*#+'#,"-./+&)0#,'1/$.,/").*23'4*#3.") that was
published in 1931 [1].

Statistical process control, from the beginning, has been con-
cerned with achieving the desired quality (satisfying human wants)
at minimum cost (economic control). Shewhart identified critical
elements such as the expected variation of a routine process, a way
to set limits that will identify when the routine has broken down,
and the need to eliminate causes of trouble when the process was
observed to exceed those limits.

Almost twenty years passed before Levey and Jennings in-
troduced statistical process control to medical laboratories in 1950
[2]. Shewhart’s original recommendation called for making a group
of measurements, calculating the average and range (maximum
difference), then plotting the mean and range on two different
control charts. Levey and Jennings proposed making duplicate
measurements on a patient specimen. Because the actual level of
the measured constituent varied from specimen to specimen, this
was a more difficult application. Henry and Seaglove [3] developed
an alternative procedure in which a stable reference sample was
analyzed repeatedly and individual measurements were plotted
directly on a control chart. This type of control chart on which
individual values or single values are plotted directly is commonly
known today as a Levey-Jennings chart.

Since that time, industry has developed stable control materials
that mimic patient samples, thus today there are safe QC materials
readily available for most established tests. A better understand-
ing of the performance characteristics of QC procedures has been
developed [4] to describe the probabilities of error detection (P_) and
false rejection (P,), which has led to refinements such as multirule
procedures (“Westgard Rules”) for evaluating and interpreting control
data [5]. Strategies for cost-effective operation have been further
refined on the basis of the quality and productivity of the analytical
testing process [6]. CLSI developed a consensus guideline (C24) for
in 1990, currently available as C24-A3 [7].
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Software and informatics now typically implement statisti-
cal QC. A computer performs the necessary calculations, prepares
graphic displays, applies selected control rules, and issue alerts
when problems occur. Today, support for handling QC is provided
by most automated analyzers, middleware, laboratory and hospital
information systems, and even point-of-care devices.

Learning the QC language

Let’s start with commonly-used terms and then add official definitions
from ISO and CLSI.

Statistical process control is the general term used to describe
those aspects of a control system in which statistics are
applied to determine whether observed performance is within
the expected variation of the process, in contrast to other
components of a QC Plan such as preventive maintenance,
instrument function checks, operation training, etc., that are
part of a broad definition of quality control.

Quality control procedure is a general term that is used in
medical laboratories, often as a synonym for 5)/)&6)&"/+'-('
7*#"23.*2 , where a specific number of control materials and
control measurements are employed and the results interpreted
by a defined control rule or set of rules.

Control chart is a graphic method for displaying control rules
and evaluating whether a measurement procedure isin-control
or out-of-control. Control results are plotted versus time or
sequential run number and lines are generally drawn from
point to point to highlight any trends, systematic shifts, and
random excursions.

Control limits are lines drawn on a control chart to provide
graphic criteria for assessing whether a measurement
procedure is in-control or out-of-control. These control limits
are usually calculated from the mean and standard deviation
(SD or s) determined for a given control material. Typically the
interpretation is based on a specified number of control results
or points exceeding a certain control limit. When in-control,
patient test results are reported. When out-of-control, the run
is rejected and no test results can be reported.

Page 19



Basic QC Practices, 4" Edition

Control rule means a decision criterion for judging whether an
analytical run is in-control or out-of-control. It is commonly
defined by a symbol of the form A, where A is the abbreviation
for a statistic or represents the number of control measurements,
and L identifies the control limits, usually specified by the
multiple of the standard deviation.

Here are some example control rules:

1 refers to a control rule
3s

2s

Page 20

that is commonly used
with a Levey-Jennings
chart when the control
limits are set as the
mean +3s and the mean
—3s. A run is rejected
when a single control
measurementexceedsthe
mean+3sorthe mean—3s
control limit.

refers to the control rule
that i1s commonly used
with a Levey-Jennings
chart when the control

limits are set as the '

mean + 2s. In the original
Westgard multirule QC
procedure, this rule is
used as a 8/*$&%$9 *.+2 to
trigger careful inspection
ofthe control data by other
rejection rules.
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2s

4s

refers to the control rule L
that is used with a Levey- ' i
Jennings chart when the |$¢#¢ '''''

control limits are set as |

the mean + 2s. In this case, 0O*

however, therunisrejected &N f
. &# ]
when 2 consecutive control .
measurements exceed the &%
6/%2 mean +2s or the 6/%2 %$ " . +. ./ 0%
mean —2s.
refers to a control rule Loy

where arejectoccurs when °
1 control tin S#T
control measurement in

a group exceeds the mean ' %™
+2s and another exceeds (&?/;;
the mean —2s. This is only \

to be interpreted 8&):&$
a single run. So in the &%#

graphic at right, the data
points at 5 and 6 must
represent observations
from the same run.

Run,analytical run,and run length refer to the interval, which

couldbe a period of time or group of samples, for which a decision
on control status is to be made. The US CLIA requirements
define a maximum run length of 24 hours for many chemistry
tests, and 8 hours for hematology and blood gas tests, Many
laboratories define a shorter period based on the changes or
events that affect the performance of a testing process, such
aschanging operators, reagents, recalibration, or other factors
that make the testing process susceptible to problems. As
testing volume increases, many labs also increase their run
QC frequency. For random access automated systems, a run
is usually defined as a time interval at which controls are
reanalyzed. For batch instruments and manual systems, a
run is often defined as a group (or batch) of samples that are
analyzed at the same time.

Page 21

%s$" , +- .1 0%



Basic QC Practices, 4" Edition

Now, here are the official ISO and CLSI definitions:

«  Analytical run ;'/$'&$)2*</+'=&>2>7'['T2*&#3'#,") &Y 2 #* 62*&26'
#,'%2/6.%2%2$)6 @'8&):&$'8:&":"): 2'"" *"0'/$3'T*2"&BEHSH,
):2'%2/6.*8$9'606)2%'&6'2A72")23)#'B2'6)/B+2C'B2)822$'8:8"'
2<2$)6'%/0%"™ *"/.68$9'):2'%2/6 *2%2$) T*H#"266 ' B2 Yott*2"
6.6"27)&B+2'=8>2>7'9*2/) 2+ *&BD @'Y 2°H4#46'):/)' [+2' &Y% TH*)I$) )#
32)2"){E5F (GHIIK'62")&#$'L>M@

*  Quality control ;' 7/%)'#,'N.[+&)0' %/$/92%23)" #".623'#$'
fulfilling quality requirements (ISO 9000)

*  Qualitycontrolplan;/3#".%2%)):/)326"&B26):27*/")&"26?"
resources, and sequences of specified activities to control the
N./+&)0'#,' ' 7/%)&" . +/*')26) 606)2%' #*')26)' 7*#"266' )#' 2$6.*2'
*2N.&*2%2$)6" #*):2&*'&$)2$3237 *7#62/*2'%2)'=(ESF14GKJ'
OoPQ@

' Quality control rule';'32"&6&#$""*&)2*&#$'.623")#'32)2*%&$2'
&,'['9&<23$'N./+&)0" "#B)*#+' #B62*</)&#$' 6:#.+3'B2'/"'27)23' #*'
*2R2")23EE5F (GHIJK@

*'  Quality control strategy";):2'$.%B2*'#,"#$)*#+'%/)2*&/+67?"'
):2'$.%B2*'#,'%2/6.*2%2%)6")#' B2'%/32'#$'):262'%/) 2*&/+6?'
)2 HE)SHS H, ) HE2 H) -+ V61) 28 I+6' &S I$ I$I+0)&" [+ * 57
1$3):2'6)/)8.6)&"+" ) H#+* +26'/77+&23'=(E5F' (GHIIK@

' Statistical quality control';'/'7*#"23.*2'&$'8:&":'6)/B+2'
6/%7+26' [*2' %2/6.*23' /$3'):2' #B62*<23' *26.+)6' "#%7/*23'
8&):' +&%&)6'):/)' 326"&B2' ):2' </[*&/)&#$' 2A72")23' 8:2%' ):2'
%2/6.*2%23%$)'%2):#3'&6'8#*D&$9' 7*#72*+0'=(E5F' (GHIJIK@

Hopefully, these official terms now make sense and you have
the necessary vocabulary to understand some of the reference docu-
ments, as well as policies and procedures in your own laboratory.
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What’s the point?

Theideais simple —characterize the variation that is expected when
analyzing a stable control material, then check to seeiftoday’s results
are consistent with the expected range of variation. You might think
of SQC as establishing the normal or reference range for a control
material, then verifying that today’s result on that control material
falls within the expected range. It’s analogous to the use of a normal
or reference range for assessing patient test results and identifying
abnormal conditions that require attention.

The complication is that statistics are used to determine the
expected range. Many laboratory analysts are afraid of statistics
and find SQC intimidating. All the regulations, national and inter-
national guidelines, and laboratory quality policies and procedures
can also be intimidating. We think that an understanding of the
basic principles and the terminology are essential to create the
proper learning environment and the skills needed in the medical
laboratory. SQC is a tool that is widely applicable to many tests and
analytic systems throughout the medical laboratory, but the quality
of our QC practices still depends on having skilled analysts who are
able to use this tool to assure the quality of laboratory test results.
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Westgard Sigma Rules

PHSHY & (5% )%+ %6 " 4% H#0% *)&, .(1L2#3% 10% % 0#4% +))(% 5.((#3%
674#$+8.83%918,.%: (#$:<064"15"%64.$% 10+8)3'5#3% 10%) &I HBHE:

(S +&,"-" J0/-*&1+H#*/0#& [8]. Figure 11-6 shows the Westgard

918,.%: (#5%*)8&Y6>Yo(H/#($%6)*%65)0+&) (%, . +#81.($?%6%%

Westgard Sigma Rules

2 Levels of Controls

Report Results

Take Corrective Action

60 . 50 . 40 . 30,
Sigma Scale = (%TEa-%Bias)/%CV

Figure 11-6. Westgard Sigma Rules for 2 levels of controls. Note Sigma-scale at
the bottom of the diagram. To apply, determine Sigma-metric, locate on the Sigma-
scale, identify rules above and to the left, find N and R above the sigma value.

On first glance, this figure looks just like the usual “Westgard
C(#$7<%@'+ %+ #E&H# Y1 $%00) %> Y0 AY04 . &0108%& ' (#%60 #&H 290" . +%1$%.0%1,B) &+.C
31$+105+1)0;%-"+%+"#%,)$+%1,B)&+.0+%5".08#%1$%.+%+"#%-)++),%)*%+"#%
31.8&.,%4" " #&#% +"#&#% 1$%.%918,.C$5.(#?% % !".+%$5.(#% B&)/T3#$%8'13
.05#%*)&%4"15"%& ' (#$%%$")' (3%-#%.BB(1#3%-.$#3%)0%+"#%$18,.%D".(1+E%
3#+#&,10#3%10%E)'&%(.-)&.+)&E?%% %%
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"#3%&'&()*+*+,$'-&$.*,-'$  /(&01&+23$45%
64+'(478

I"#$%&' (&)$%*+",-.&/01
I"#$%" 8 ("H &)$(*+$,&,-.(/,-$(+0( &)$1#"/+002$(*+$30+$"4$567$,&8%
-'93'8$/"&(#"-0B 1#":'8+$ , &S +44+/("+$ (+/*&'93+$ (*,($/,&$ ;+$<'8+-.$
,11-'+8$'&$%+8'/,-$-,;"#,("#'+0=$$>'93'8$/"&(#"-0%/,&$,-0"$;+$30+8$("$
AHBE' ()" H((*$+,"+(-%'()"S+("+." /O 1B(&-%'("2(#'201(2  2@$<*/*$
'0$"&+$" 4B (*+B(+/*&'],-$H+93'#+%+&(0SMEIBSCDCEF=$$G"<+:+#2$(*+#+$
'0$0("--$,85'003+$"UB'-%("+' ["&(#H"-0$&++8F5("$;+$,&,- H+82$'=+=2$(*+$
A#+93+8&/.$ A6 7=$H*+#+$ 1+, & $4,/("HON*, ($&++8H("$ +H"&0'8+#+8%
<F+&P 8+(+H#%'&'&)S#3&SP -+&)(*$,&8F*'<$ "4(+&FB /" &(#"-0$ &++8F ("5 ;+$
,&,-.H+8=%

94:$45'&+$8-417;$7*01*;$24+'(478$<&P(1+=

At first, 1t seems like it should be simple to define how often controls
0*"3-8%;+$#3&2%$;3($'($)+(0$/"%1-'/,(+8%;+/,30+$"4$(*+$,//1#+8'(,(" &S
)3'8+-'&+02$ #+)3-,("#.$ #+93'#+%+&(02% ,&8%$ (*+$ 8'44+#+&($ (.1+0% "4$
,&,-.(1$0.0(+%0%$,88%$8'44+#+&($%"8+0$"4$" 1 +#,("&=

I"#$ %8&%'($)*+,-.+/-01 There is no specific guidance for the
4#+93+8&/. 54956728 3($80(+,85.9)+8+#,-F+93 H+%+&(H"$8+0')&IB67S
1#"[+83#+0K(*, (B #+5 114" 1#,(+ 4" #H(*+H+0 2o+ (*"85'#5+],%'&, ("'&S
1#"/+83#+$;+'&)$30+82%,88F(*+$'&(+&8+8%530+$"43(*,($(+0(SKCL=%$%

I"H$%E&& ()*+$,-.)/0$12$34-5)*-/)1*$6(1738'(3&

A5657'" 8)" 1*Q-#*(-#&' 2)*11' ."2%:+' $+("#+*1' I0*1$(&' ;-+(#-1'
282(", 2 () "#$%&' ()" *((*$+,"+(-%' )" $+("+.". /0¥ 1$(&'- %'
#'201(25"<('$2'$,=-#(+( )*(()";-+(#-1'2&2(",'=#-1$." 2(*% %'
9" H2BB() 1 A+ 251 &0+, "H2 (- $+%0-#, X ($-+-+3)$;)’

(-19%2" (M)+$ L *+ B xL " $2$-+25" > FFL H((MH(S-+
2)-01.'9™=*$.(-'()""1$,$+*($-+-%", $2(*?"2'$+'() "=#-;"22"-%'
)*+.1$+:'2* =1"2@'#"/0"2(2@""A* $+*($-+2@'H#"'=-#(2@"'(;5

ASBS$ (.1',—.$ 1#":'8+0$ 7% )*M-+:+-$)3'8,&/+2@$ %o+,&'&)S (*,($
($8+0/#;+083)*( $0*"'3-8$;+$,//"%1-'0*+82$<'(*"3($,8.$8+(,-0$"&$
)3 ("$,/"%1-05$ (=SSN #+$8+(,-+83)3'8+-'8+0$ #+$"4(+8.$4"38.85'&$
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"#$%8& )&+ $(-.$ /&(0*$/.1(+',$
2)&3.11

I"H#$9%& (&) $%*+",-.&/01
1 )+, 8-) C . /0% ()1'82'$%' 13)" 4, )#$56*"+3"'41) , *1'%58" 8)"
8"1'15" ($*+6+*'13)"*56,+)*'59') , ,5,"'13"1"+""%"-)" = 5%815,) ('-;' . /0"
"%("13)"%)) ('95,'513),'/ 0" = )+3"0$* = *'15" = 5%815,'13)"'<51""2'<) *1$%8.
=,5)*%'<3) 45 = %" 185%'59" /0" = )+3"U$* = ***3562(" = '?)'64""' /0"
=2""%T' 83$+3'$*'13) '95+6*'50'13) %) @1'*) 1'59'+3""41) , *""

-/0'$*"""458),962'+5%1,52' 1) +3%$A6) - ) +"'6*) '$1'6*) ** """ BA6S ("
* 2 42)'13"1'§*F *6-B)+1) ("15" = ""%;'59'13) " *" = )"'*1)4*'59'13) ' 1) *1§%&"
4 SRR VTAM$) %1 - 42)>" C; "&55%&13,568313) 1% 2 ; 18+ 2"
1D)*19%&'4,5+)**1'13) ' BAGS (' +5%1,52'8*"**-2) "15'+3)+?" = "'%; '#",§"-)*T"
9" +15,*" "0 (" +5 = 45%)%1*" §%" %" "'%"2; 15+ *;*1) > /0" 4,585 "
*$9%8&2)"+5%1,52'1) +3%$A6) 13" 1'+""% =) '6*) ('B%" = 621$42)""%""2; 1§+'1) *1**
and systems. Nonetheless, many people find SQC difficult to impleD
2)%LT)*A)+$22; 8% * = 222 -5, 15, 8) > % (" $%" =58%10500", ) '"E=F 06’
M4405+" 185%*T" - )+ 6%) " 59" 13) " +5*17" 1, " $%$%&T" % (" (*11"" +"12+62" 185%*
13"1",)"%)) QO ¢

H.'01JK",)&62"185%*"" ( = $%$*1),) ('-;'OL . EO)%L),*"95,'"L.) (D
care and Medicaid Services) have specified that the minimum SQC
*3562(" -)"'M')#)2*" 59" +5%1,52*" "% 2;N) (" (*'$2; "OPQ>" ¥58)#),7" = ""%;"
=5§%105900",) ' Q#5+)*'3"'#)",)2$) ('5%'513), "1 ; 4)*'59'R-6$210$%S"+5%1 , 52*

2 )+3"%E* - *13"1 - "%69"+16,),*'4,5#5() 15" - 5%$15,13)4),95, = "'%h+)"
59'13)$, ""%""2; 1§+ Q#§+)*>'J%"'13) 'PTTU*T'OL . ""2258) ("13)'6*) 59" (*'$2; "
electronic controls for POC applications. With the final CLIA rulein
2003, CMS more formally defined an option called “VA6$#'"2)%1'/ OS'
13"1',)AB68,) (2""-5,"15,$)*") = 425;5%&")2)+1,5%$+'/ 015" %"'2; N) 28A6$ ("
+5001,52%""'1'2)"**1'8))?2;'5," = 5%132; 7' () 4) % (§%&'5%'13) ' (5+6 = )%1) ("
*1"-$281;'59'13) 4", 18+62", " %" 2; 15+ OQ#$+)>'<3) 'O 1"'$2*'59RV /05'8) , )
4,585 ($%"13)'.1"1)'F4) ,"155%*'L"%6""2t . FL6'83§+3*6442) = )%1*'
13)""+16"2'0 1JK",)&62""1$5%" OMQ>*

'L %69"+16, ), *15("" ;'4,5#5() " 2 5,) ) @1) %*$#) - 6$2108%"+5%1 , 52*"
13717 2 "5 $%+26 () "$%1) &, ""1) A6 281 "+5%1 , 52" = 42)*'13"1"™",)""615D
= ISR 2 A2) (% (A, 5) %) (L), %25 - 5 13) 25 18+ O HSH)T
#1108 1S53 +PHT 1 )46, %8 s *1) = DBUHIS5% )+ 2T (7)2)+1, 5o+
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I"H#$%8& ()*+,-$.+/0$%123$4%$
56-7)8/+&,9

I"#$%&'(&)$%6*+" -.&/01

"#$%E&' ($)#*+,-./012$30)$4%$-)#$5-2#6$01$.#2.$7089 #:/.,<$="/7"$
describes the difficulty of performing the test methodology. For
9+)902#2%03M%<P "#)#HF JHP. "V HHST - #*0) /#2035 #2.$7089,#:/.,>$=-/?#6<$
101@=-/?#6<%$-168)0?/6#)@A#)30)8#6$ B/7)02709;$ CAAB<$="/7"$/2%
reserved for a selected group of practitioners). For waived tests,
"#3$,-50)-.0);$/2$2+9902#6%$.0$30,,0=$."#$8-1+3-7.+)#)D2$6/)#7./012<$
including any recommendations for QC. For non-waived tests,
"#3$,-50)-.0);$8+2.$7089,;$=/."$."#$%&'(P)#E+/)#8#1.2$30+16$/1$
2+59-).$F$CA+-,/.;$G;2.#82$30)$HOL=-/?#6$!#2./1*I$IKL<$="/7"$-)#$
shown at the end of this chapter.

A)/0)$.08M-1+-);$K<SNOKP<$. "#$%6&' ($)#*+ ,-./012$9)0?/646$@B09
1012$30)$7089, /-1 7TH#<$="/7"$=H$7-, SRH3-+,. $4%<$S/*" $G4%<$ 16 $T4%>

U I"#$%&'()* .Analyze a minimum testing of 2 levels of controls
each day of patient testing, as specified in §493.1256(d)(31).

Us +,-.'0* . Establish QC procedures to monitor the accuracy
-16$9)#7/2/01$033$."#$7089 # #3-1-,;./7$9)07#22<$#2.-5,/2"$."#$
1+85#)<$,;9#<$- 16 RHE+#17;$03$.#2./1*$701.)0,$8- .#)/-,2$5-2#6$
onthe performance (precision, bias) verified by the laboratory,
6#.#7.5/88#6/- #$#))0)23."-. $077+)$6+#5.0$.#2.52;2.#8%$3-/,+)#<$
-67#)2#$11?2/)018#1.-,$7016/./012<$-16909#)-.0)$9#)30)8-17#<$
-16$801/.0)$ 07#)$ ./8#$ ."#$ -77+)-7;$ -16$ 9)#7/2/01$ 03$ .#2.$
performance that may be influenced by changes in test system
9#)30)8-17#$-16$#1?/)018#1.-,$7016/./012<$-16$?-)/-17#$/1$
operator performance, as described in §493.1256(a-c).

U$ /)* . Implementaprocedurefor “equivalent quality testing” as
statedin §493.1256(d), in accordance with CMS’s requirements
for “Equivalent QC” (EQC) found in Appendix C of the G.-.#$
Operations Manual (SOM) [2].

"#$%&'&
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%123%$56-7)8/+&,99:&;$478)+/*$%&,/;&)$<=>$

§493.1256 Standard: Control procedures.

IHSY& ) B+ +(/SH(E0"1&"+&-$2,$(,384,210($5&'$6247H&A+&0$
3&)(8Y'($+*"+$.8&42+&'$+¥($))9")-$'4853'()2, 284$855+*($)&.30(+($
"4"0-+2)$3'8)(,.

1148;*($0"1&"+&"-$ .9,+$ (,+"102,*$ +*($49.1(/$ +-3(/$ "48$ 5'(<9(4)-$
&5%$+(,+247%)&4+'&03$."+('2"0,$9,247/$25%$"3302)"10(/$+*($3('5&'"."4)($
specifications verified or established by the laboratory as specified
24%=>?@:ABCQ@!1# @#:

N#S$ ;*($)&4+'&0$3'&)(89'($.9,+$IA#PS(+()+$2..(82"+($("&', $+*"+$&))9'$
89($+&$+(,+$,-,+(.$5"209'(/$"86(',($(462'&4.(4+"0$)&482+28&4,/$"48%
&3("+&'$ 3('5&"."4)(:$ IB#S$ D&42+&'$ &6('$ +2.($ +*($ "))9™)-$ "48%
precision of test performance that may be influenced by changes
24% +(,+$ ,-,+(.$ 3('5&'."4)($ "48% (462'&4.(4+"0$ )&482+2&4,/$ "48%
6"'2"4)($245&3("+&'$3('5&'."4)(:

(d) Unless CMS approves a procedure, specified in Appendix C of the
E+"+($F3("+2&4,$D"49"0$!GDESHIL: $1#/$+*"+$3'&628(,$(<926"0(4+$
<9"02+-$+(,+247/$+*($0"1&"+&'-$.9,+

(1) Perform control procedures as defined in this section unless
otherwise specified in the additional specialty and subspecialty
(<92'(.(4+,$"+$=>?@:ABJAS$+*'&I7*$>?@:ABIK:$

IBHIO&'H")*S+(,+$5-,+(/$3('5&'.H&4+'&0F3'&)(89'(, 99,24 7$+*($49.1('$
and frequency specified by the manufacturer or established by
+*($0"1&"+&"-$L*(4$+*(-$.(+$&'S(M)((8S+*($'(<92'(.(4+,$24%
373 $I8H @#S&E$+*2,$,()+2&4:$

|@H#IN+30(" +38.4)(H(")*$8"-$3"+2(4+$3()2.(4,$"(',,"-(8RAM".24(83
3('5&.$+*($5800&L247$5&'0
I2HEP")*$<9"4+2+"+26($3'&) (89'(/$24)098($+L&H&A+&0S"+('2"0,$
&5$8255('(4+$)&4)(4+"+284,Q
122#8P")*$<9"02+"+26/($3'&)(89'(/$24)098($'$4(7"+26($'48$3&, 2+26($
)&4+'&0%."+('2"0Q
12224#% (,+$ 3'&)(89'(,$ 3'€89)247$ 7"8(8% &'S +2+('(8%'(,90+,/$

I"H$%8&()
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"#$9%8&'&()*+,-$.$ /0$1(.,
I"#$%&'(&)$%*+" -.&/01

The concept of a QC Plan is good, but it is difficult to perform a
proper risk assessment to implement a risk-based Individualized
QC Plan! There is an alternative approach in the form of a Total
QC Plan that is more widely applicable, particularly for applications
other than Point-of-Care testing. Infact, we recommend the general
application of Total QC Plans whenever Statistical QC procedures
can be implemented for daily control.

Weuse the term “Total QC Plan” for our approach toidentifying
and assembling control mechanisms to monitor the "#$%&!"(#)*+&
Process, which includes pre-analytic, analytic, and post-analytic
phases of the process. Critical to this approach is optimizing or
right-sizing the SQC procedure to assure detection of medically
important errors, as described in chapter 11 and the application of
Westgard Sigma Rules. Compliance to the CLIA QC requirements
is achieved by analysis of control materials and does not depend on
formal risk assessment. Nonetheless, a Total QC Plan can provide
an effective approach for controlling the Total Testing Process by
adding pre-analytic and post-analytic controls to the right-sized
SQC procedure.

The decision on whether to develop a Total QC Plan or Indi-
vidualized QC Plan should be made on the basis of your review of
current QC practices and their compliance with the CLIA QC op-
tions, review of the manufacturer’s QC instructions and performance
claims, as well as your assessment of the Sigma-metric of the test
and test system. The laboratory director must be involved in this
decision because CMS specifically assigns the responsibility to the
director [1]:

I"HS %6&"$ " ()% (*+$ ,-./$ #+0129%(3%)4$ %&"$ 1253#2%3H6$ 7(#'8%3HS ()$
#193%)(51"$:34$7"8(7 (*+$,&"% & #IH&"$1 253#2%3#6%, (1130%(1(<"$.=,!$
3#$)3>"$ 3#$ 211$3:5 (96)$%")%)$ 2+ 7S 3H$S ") O#(*+$ %&2%$ %&"$ =, I$ &"?
)&"$7"@"139)$"::"8%(@" 16$>""%)$%&"$. =, 1$# " AO(#">"*%6)B$S$.%$()$21)3$
(*80>5"+046$093* W& S 2534206 3H6$T (H'8%3HI/H3$83*) (7" #IV6&"$1 25 3#2%63#6
B1(*(821$ 2*7$ 1"+21$#")93%)(5(1(%(")$ :34$ 3@ (7(*+$ 28804#2%"$ 2+7$
#'1(251"$ %")%(*+$ ;&"*$ 299#3@ (*+$ 27$ ) (+*(*+$ 3::$ 3*$ %&"$ =, IB$ $

"#$%&'&
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1] 1 1

1"#$%&'()*+,-$ .+/0

I"H$%6& (&)$%6*+" -.&/01
I HSYoRHE (H) -+, - " [-Ott- 1 23HO L A4 1+ (+)5HE"+SHL+HT-1 (+HBHT-O-T(H="#
D)k XTH L= LT (H B-HT 1 1+% A <(+#0-O-T* #1# .(=>;1(-0H%&H?T1)#
2% TA#G'+3H+3-#& @ $H*, +*)#'"* #)0'9'0<L 7' A-0#%<17'+4# &™) +.*T#
2T 1)HB1%& ?CDHE@SH.-E<' - () L TH-+3* 0 T*SA:H)* H< (4" H1) 413
+3H2XIF)HE)O<(+. LTHFT(H(<23HL(# FLT<.H@*0-HG™-2+(#H)174((#
%43 6'(-#=)*6)# L(HF @ GHD##)#"1 2+ #+3-#&@$I&I&HE<'01)2-#+3 1 +#
61 (#'((<-O#')#8KLMENLO#O*-(#)+# 1 2+<1774# -E<" 4 (=H1((-(()+#
only hazard identification. You can download the CMS/CDC “$+-,>
A5+ HP<'O-H™ #1-0-T* ') 5HL)H%6& 2 QHL) O#*) T 4#)-- O+ ¥ T T*61+3-#
R#&@PI&I&HE* . =(3--+(#+31+#6-.-#0-(2.";-0#" ) #23 1, +- HLMD###H

S-0- 43-7-((#")VH+3'(#231,+-. #6-# 1.-#5)5# +:4#0-(2.";-# 3*6#
JEHL((()+HE HSYE ()&M) ML FO-HBH T L T AR % &2 (DH

$+/0$1','-232,*

The purpose is to identify specific susceptibilities, or "1'7<.-#/*0-(:#
+31+#/14421<(-#-. *. (B Vi +-(+#.-(<T+(DHAH @ 1)<"12+<.-. (B L++-/ , +#+*H
'0-)+" A X (- LT <. -H*0-(#) 1+ 3-H0-9-7* [-)+H#+" 14+ 3-' - (+H(A(+-/(#
-T'N1+-# +3-/# +3.*<53# 0-('5)# '/,.*9-/-)+(# 1)0# (23-0<7-0#

,0=9-)+'9-# /1')+-)1)2-:# 1)0# ")+-5.1+-# ,.*2-0<.17# 2%)+.*7(# *.#

"2+ 1TH 23-2=(# +*# O-+-2+# "1'7<.-(# 1)0# 17-.+# +3-# * - 1+* (# +*#
5 7-/(DHHS<23H1)<"12+<.- #2*)+ %7 (#(3*<70#176 14 (#;-#) 27<0-0# ) #
1)48%&H? T 1):#;<+#100'+"*) L7H2*)+ . *7 (# 144(+' T 7#;-#)--0-0#;- 2 1< (-#*"#
+3-#*,-. 1+")5H#2%) 0"+ %) (#"* # 1+ (+H(A(+-/H)E  +H#S,#T7 1> 1+* ADHHHT3-#
)--Of"™ 4+ 3-(-#*+3- H2%)+ %7 (# (#+3-#" 2< (#*"#' (=>; 1 (-0#% &H?7 1) (#1) O#
+3-#1,, 721+ )" H#U' (=#@ 1) 15-/-)+#2*)2- +(#1)0#,.) 2", 7-(#+*H#+3-#
T*+17#T-(+")5#72 . 2-((#)#+3-#/-0'217#71;*.1+*.4D#

U'(=# @1)15-1-)+#' (#6'0-TA# <(-0#" W) 0<(+.4:#")27<0")5# +3-#
J1)<"124<. - (H"HO L BY*(+ 244 - (A (-1 (- 31+ #)+-)0-Of™* A< (-#)#
[-0'217HT1;* 14+ -(DHHT 3-#'<)01/-)+ 1 THE<'01) 2-#"* #1)<"12+<.-.(#
41021 THO-9'2-(H' (<) O#')# 1SVHLWXYLENBOHL)O#(<, 7-1-)+-Of: 4#
QZ$HGPL[HBHNRO:#+3-#T7 1++- #-)5#1'-0# 1+#:*+3#0-9'2-#/1)<"12
+< (L) OH-0' 21 THTL* 1+% - (#1) 08 (#/*.#.-10'74#191'71;7-#1)0#
~101;7-#: 4471 1+ A# 1)1 TA(+(DH#TI-#3-1 +#*"#U' (=# @1)15-/-)+#

I"#$%&
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I"#$%8'&() &*($+&, -

I"H$%& (&)$%*+" -.&/01
I"H$ Y%8&H ()*+$ ,"-%.H&S %6&)'(1#$ 0*(/-1,#$ 2)&S$ %#8&2)&3(10$ -&(+5$
B++#++341.798#,)3341/(10$-$8$2-,.)&$3)/4#0$."- (1, 94/#+$ +HHE&(T$
), &EHLHTS-1I$ I#.#,.01;$-$&-15(10$+,-0#$)2$ <7$=7$-1/$>$2)&$ #-,"$
&(+5$2-,.)&:$-$&(+55,-9,*9-.()1$7-+#/$) 1$."#$#@*-.() 1SABCDEFFDG>H
IB1J;$-1/$-$%&()&(.(K-.(01$)2$,-9,%0- #/$&(+5+$)2$>$-1/$0&H#- #&$C*%$
VBLIS2)ES2*&. "HES-,.() 1+ MSSI") +#$ -&OH #/$2-(9*&HS3)H+$3*+.$."#1$
PS8+ +#1$.)$3(.(0- #$. " H(&$&(+5+MS$$

%& ' &()'&*($.&,-,

N(.(0-.01$ (+$ ."#$ #&3$ ."-.$ (+$ *+#/$ )$ /#+.&(7?#$ -1$-,.01%$ )$
#9(3(1-.#7$9)OH&TS)&SY&H #1 . $&(FEMSS! " HS+.&- HO(H+$2)&$E&H/*, (L0S&(+55
#%#1/$)1S . "#5%-&.(,*9-&$ &(+5$ 2-,.)&$ ."-.$ (+$ ?#(10% .-&O0# . #/MS S P)&S$
HQ-3%OHT$3-1%2-, *&HEAS/H+(O1S."H(&S.H+.$+:+ #3+$.)SHL+&HS+-2#.:$

&=, HE&(+.(,+$ GHEMOMTS %&#, (+()17$ 2(-+7$ &H%)&.-?294#$ &-1047$ #.,MI$ -&#
-00%0&)%& (- #$52)&S."#S(1.#L/#/S,9(1(,-95*+#7$%9*+$%&)'(1#$(12)&3-.()1$

2)&$ +-2H#$ *+#$ )2$ #+.$ &H+*0.+$ G+UoH, (HLS VH+TS &H2HEHL HS &-10#+7!
%)++(?94$ (1 H&2HEHL #+T$ +-3%HS$ &H@*(&#3#1.+7$51)01$ 9(3(.-.()1+7$

#., MIMSSN-1*2-, *&H#H&+S&HI* #$), *&&H1 #$7?:$3-5(10$(3%&) #3#1.+$

V- $HI(3(1- #$52-(9*&#$3)/#+$/+&(105. "#$ /1#+(015-1/$%&)/*,.()1$5)2$

1#HO$ #+.$+:+ #3+$-1/$2:$&%#,)33#1/(10$%&H #1.(#S-1/$,)&&H, .(#$

- 01+$(18. " #(&$(1+.&*,. ) 1+$2) &S +HMPSRLE+H(*-. ) 1+SO"#&#D), *&&#H1 #S
)2%2-(9*&H+$-11). $PH ML (&HO: $HI(3(1- /D &Po&H #1 #ITH-172-, *&H&+$
-11$,)1.8)9+$.)$/1 #,.$-1/$-91&.$. " #$) Yott&-.) &+$)2%%) .#1.(-99:$"-&32*9%

) 01+M$S$

S-2)&-)&(H+$"- #$2HOHES)%. () 1+$2)&$3(.(0-.(L0$&(+5+MSSP(0*&#S
=TH=$)*.9(1#+3."#$9-?)&-.)&:$+.&- #O(#+US$

V$ P(&+.7R)&BSS%&"% , the laboratory must confirm that safety
J-&, HE&(+.(,+$ -&#P -%%&)%& (- #$ ?:$ %#&2)&3(10% -9(/-.()1$
studies. To accomplish this, the laboratory should define
[HS @*-9( S &HO@* (&H#/$ 2)&S "H#E (L. #LI#IS 9(1(,-9S *+H#TS#'-9*- #$
(3%&#,(+()1$-1/$?(-+7%-1/$,-9,*9- #$-$A(03-H3#.&(,$.)$-++#++$
@*-9(.:$)1$."#$A(03-$ +,-9#MS$ W) .#3$."-.$-$9-?)&-.)&:$ -11).$
3)/(2:$$3-1%2-, *&HAKX+$3#.")/H) &H(1+.&*,.() 1 +$2) &F*+# S 19#++$

"#$%&E&'
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1"#$%&'()&)*+,*-$  .))/+$0/+,)*+$1)2+$
34*+54(2

"#$%&'(&)$%*+",-.&/01
"HE%&H () *'+%0#,*)#-& . &/*(0" 1#23HA/" 5#-05+655&-#0"#S% &5 &H/&55*" 5 7#
$%E&H'8*)' $*)9H5Y0*6/-#()&,&) ' 8/9H0: (/&:&"$#, 23H<% & " &. &) H(*5508/&#
0"#%)-&)#H$*H#+*: (/OH<0SYHSVREAH2 3% (SO*"#* #"'/9?0" LHS<*#/& .&/5#
* H+¥8)*[5H(&)#-' O @H#H #SY&H['8*)'$*)9#H0: (/&: &"$5#'#;$'$05$0+'/#234#
procedure that satisfies this “default” option, a formal risk assessment
05#"*$#) &AB0)&-#"-# B*$S' [H2IHAI " H#+"#:*) &H&'50/IHB&H-& . &/*(&-#$*#
*0$*)HS%&B*$ HBESS0"1#4)*+&55 @#H#! #;23#+""*$H#HBE&H0: (/& &"$&-#
) -'0/9# *(&)'$O* 7# $% & "# $%&H )&AB0)&: &"$5# ,*)# I"H0.0-6'/0?&-#
QC Plan must be satisfied — risk assessment, QC Plan, and quality
'556)"+&#H(/" @H##H

C%0/&# P%0&)&# " &t " O +*"$)*/#:&+%"'05:5#) &+*::&"-&-#0"#
$%&A.SI EP23A “QC Toolbox” [1], only a few of those controls (other
$%"#$%E&H:"'6,'+$6)&)D5#860/SEQ " #+*"$)*/SF#) &#()'+$0+' [#0"#AG IHB &S
$0"15#<%&)&QCPs are most likely to be used. One control that we
recommend is the Repeat Patient Test (RPT) control, which makes
use of existing patient samples.

BY%&H#)&E$&SS0" 1#* #('$0&"$#5": (/&5#05#0"$60$0.&/9#6"-&) 5$**-#89#
analysts and operators as a check on the variability of a test. An
RPT can monitor the effects of operator skills, reagents, test system
+*(*"&"B5#"-#,6"+$0*"5T7H"-#&".0)*": &"$ [H#+*"-0$0*" S @ HHB Yo &H#, '+ S
$%'$H &' [H('$0&"$H5": (/&5#) &HP&E$&-#.& " 5HE Y0 &) &HOS# *HO556 &#<0$Yo#P Yo &#
+*::6$'80/0$9# #5": (/&5 THO "#+*"$) SSHP*#+*"+&)"5# 8* 6 $H#$ % &HB &' .0 #
* HEY&H5$'80/0?&-#+*"$)*[#5": (|&5HSY'$#) &HOS &-#,*)#,$' OSSO0+ [H23#"-#
Proficiency Testing. On the other hand, there will be an issue with
$%&#5%$'80/059#* #,)&5%#5". (/&5 @H#H#HE&(&'$#$&ES0"1#:655# 8&H# (&), *): & #
within the time period of known sample stability. Manufacturers
$9(0+'//9# 5(&+0,9# $%'$# $0:&# (&)0*-# 0"# $%&0)# -0)&+$0*"5# ,*)# 65&# "'-#
laboratories can experimentally verify stability by retesting samples
)& (&' B&-19#* &)#'H(&)O*-#* #%*6) 5#*)#& . & "#-'905 @##H

1"#()0"+0(/& THSYEHHABH+*"$)*/#06 5" O#* #$Y6&H+ ('80/0S0&5H* #
234 ()*+&-6)&5# <0$%*65#)&AB0)0" L#5& (') S&H+*"$)*/#:'$8)0'/S @## $#
5% BH(*$&"$0'/#10:0$ B0 5H#-6 &H#S HSY68H0"5$'80/0$9#* #5': (|&5H#SY0'BH#

"#$%8&"
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"H#$%6& '&()*+,-$.$/0$12)-2.3$4)$
3),+4)2$458$/6%1(.,

I"#$%&'(&)$%6*+" -.&/01

H#HS'%&'()  *)+,-,+.(/,0"+'12'3/()4'%"5.,%"4'6'78#98)"):4";'("
1,4<=44"44#"):&(  123/)&0+(  1.(/,:>=44"44#"):?1=@9/()ABCD"

I"#$ %&'$ &(()*+,-$ &$ ()*.,-/),$ 0%1.%%$ (,)213'$ 4&5*)&3*)1,'$

3*$ -, +,4%($ &6-$ ./'3*217,$ 8/&4139% .*63)*4$ ()*.,-/),'$ 165 3%,1)$
%,843%.8&),%$',3316:;$ $<%1'$ )*.,-),$1'$ 3,)2,-$=6-1+1-/&417,-$
>/&4139%$1*63)*4$?74&6$ @=>17A;$$B6$=>17$1'$.72()1',-$*C$3%),,$
(&)3'DRP1I'ESR","2,635@FBADS$>/&41398*63)*4$?4&6$@ > ?ADSL6-$
a Quality Assessment (QA) plan. The RA is the identification and

K.(+<.4&$:.18&4?%
65.2.@4&2+>4+@>
%8&48&23+,&$:+-3.$/B.(+4?

A 4

0B<+4$/6312. @4+@&>

0,.(?;&
F$(&'&(>$)I$
@),42)(>L<.2M

A <++<B.(+:8&<$/6$1(.,
DA.($/681(., CID$8+>E$0>>8>>3&,4
8+-549+;&<%$:/6$ CFD$/6$1(
1289 =$*)>49,.(?4+@3$@),42)(> CGD$/O$1€-
I |
v
H),+4)2$1&21)23. @8J$/B.(+42J$
.<$:.1847
\ 4

A3*2)'&S$/B.(+42$=$..1847%

23+4,$&5675(&&899,:";0&<:,&-$=$>:93?+&@:*">&:,&A?-3=3-4">3B$-&CD&/>"?Y

I"#$%&
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"H$%& 0 &*(+$,-/00$1(0)2$ 3,4$.5$ 67

"#$%&'(")*+&,-&".%&/"'012&34&512*6"7%+&'8!
"#$%&'()"&*+$*,$-)./&01$ (*+02*/$ &+$ #.2/&#2$ (".30#2'$".'$ ,*() #%$
*+$%.0.9.+%3$2#)/0'$,2*4$ .$'&+5/#$/.6*2.0*217$ 8)("$ 9&+0#2+./$:;<$
*2$9&+02.=/.6*2.0*21% ;;<$ &'$#"#+0&./% ,*2% %#0#(0&+5% 32*6/#4'$ 0".0$
2&'#3 %)2&+5%$ 0"#$ 2*)0&+#$ *3#2.0&*+$*,$/.6*2.0*21$ 4#0"*%'7$ "*'#$
32*6/#4'$.2#3(.) #%$6 150" #5&+'0.6&/&01$*, S0 "#S4#0"*%>S& T#T7>S(".+5#'S
&+$3#2,*24.+(#$(*43.24#%$0*$?".0$?. ' $*6 #2 @#%$#. 2/ &# 2T SA+SH# " #+(#>$
&+0#2+./$:;$(*43.2#'$/.6*2.0*21$3#2,*24 . +(#$0*$ &0'#/,$*@#2$ 0&4#>$
MA&+580".080"#$3#2,*24 . +(#$*6'H#2 @H#YoP# . 2/&#2$2#32# ' #+0'$(*22#(0$
or accurate test results. This assumption should be confirmed by

method validation experiments and must be verified on a continuing
6.'&'$61$9#B0#2+./$-)./&01$."#"4#+0$32*52.4'7<

I"#$ ;CBAS;DE=FG$%*()4#+0$*+$32&+(&3/#'$* $8:,$HIIS 24 (4
4#+9'$0".0$/.6%2.0*28#$3.208(83. 0#$&+$K:F$32+52.4'L

"#$%&'()*+,-)+'-).$/0$1)-2)+345 "#$%!&'()*'+)*,$-1-#*$!'!
)IN%10))&!11&)+1%2/($*31)41.)%+*)&!/+$*,'&-'0651*$0)*+!+#$!
*$-2&+-H)1%1%+$*&'()*'+)*610*) 7*/8!'5'+'(-$!,-L*$'+ S5 H-#'+!
6,5&5-1-+'+,-+,.'&! ,%4)*/'+,)%8! 9%, #!/'6] ($! 2-$5!+)153-.*,($!
or define: (1) intralaboratory and interlaboratory imprecison,
(2) individual laboratory bias relative to a peer group, and
131 *$&'+,)%-#,0! )4! '%'&6+,.'&! '%5! -+'+,-+,.'&! 0"'/$+$*-1)4!
JO*$.,-)%!'%5! *$&'+,;$! (,'-1 +)!1 /$5,.'&! *$<2,*$/$%+-=! >)*|
&'()*'+)*6! -$&479$;'&2'+,)%8! 0$$*?7*$&'+$5! (,'-! '%5! *$&'+,;$!
J0*$.,-)%! *$! 2-$42&! 0'*'/$+$*-=! @"*+,.,0'+,)%! ,%! ‘%!
Y0+$*&'()*¥'+)*610%) 7*/10%);,5%-1'%! $44$.+,,$!/$.#'%,-/! +)!
complement external quality assessment (proficiency survey)
0%)7*/-A

82.)%(9%:;):*"./$<-./()0$.99:99=:")>$$

A+$.+$HBOH2+./$-)./&OLS. # 4#+0$32*52.4>$.$52%) 3% $/.6*2.0*28#'$

A IIMESOHS A4S 3H(&A#HSNY )./ LSO HS A4S (*+025/$4.042&./'>$

#B.(0$ .4#$ [*0$ +)464#2'0% .+96$ ')64&0$ 0"#&2$ 2#)/0'$ 0*$ .$ (#+02./$
(&/8OL$?"H2HS0 H5%.0.$ . 26SHB A8+1%S$ *25%)0/8#2'>F +%$ 4. +'$ +%$
BP'$. 2#$8(./()/.0#%S0*$(". 2. (OH2&MHSO " HEIH2 *24 +(#$* $0"#$52%)3$%,$
1.6%2.0%28H#'>$ +%$24#3*20'$. 24S5#+#2. 0% S0*$(*43. 240 HE3H2, *24. +(#$

I"#$%&
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1"#$%&'()&)*+,*-$.$/0.(,+1$2.*.-) &) *+$
314+)&

"#$%&'(&)$%*+",-.&/01
"#$%&' #*#+,),*&(-#.(/,,%(0,.12%/,0(#.(&-,(%)3$,) , *&#&%4*(45(
the scientific method, or the 6$#*78479-,1:7;1&(1'1%,(<689;=(>?@A((
B"2(542)"$#&%4*(45(&-,(689;(1'1$,(%.(2,32,.,*&,0("'(14)34**&.(542(
Quality Laboratory Processes, Quality Control, Quality Assessment,
Quality Improvement, and Quality Planning — all of which are
centered on the Quality Goals, objectives and requirements to be
#1-%,C,0(/"(&-,(),0%1#$($#/42#8&A2' A(("#$%&' ) #*#+,),*&(%*CASC,.(
the policies, processes, and procedures that are needed to organize,
implement, and support laboratory testing. Quality assurance is
the outcome of this quality management process.

From these lessons, it should be clear that the achievement
of quality is a complex process and doesn’t happen by chance. It
takes well-planned and well-managed activities to achieve quality.
Quality Control is just one part or component that is essential for
quality assurance. Inturn, quality assurance depends on many other
capabilities, as identified by the "#$%&'(D'.&,)(E.., *&%#$.(<!DE.=(
%*(&-,(9FDGQuality Management System (QMS) model [2,3]. The
IHD(40,$@324C%0,.(&-,(1/%+3%1&"2,J(&#&(0,.12%/,.#$$&-,#1&%C%E&%,.(
that are necessary in a medical laboratory to guarantee the quality
A5($#/42#842'(&,.&.(#*0(.,2C%1,.A((

Like the CLSI QMS model, there are other guidelines from
GDB(?K?LM(E>N@ #*0(&-,(OD(OFG;(2,+"$#&%4*.(>K@ (&-#&(0,.12%/,(.%)%$#2(
Good Laboratory Practices, but these guidelines and documents differ
in their organization and their terminology. The best guidance for
quality management is an understanding of all these recommenda?
tions, guidelines, and rules, plus a practical perspective on what will
work in the medical laboratory.

The CLSI QSEs identify management requirements in terms
of organization, personnel, equipment, purchasing and inventory,
process control, information management, occurrence management,
external and internal assessment, process improvement, customer
services and satisfaction, and facilities and safety. The ISO man7

I"#$%&
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"HSY68.90' (&'H#)*+ #Y&-#).10,%8%120(3%1#
45%71(02

I"HSY&H" ()*+,%-!
I"HESV& H()F)+, &+ &H*EH*) +18801+-%&234HS$Y& H()*%&), &

234#$$%8)3&)5,&673& THI/8&.
9+68:6*,56061RHEIGHE" ("

<-+#58& =2, #38& 361+* & M1 +&5A+)-& 2, +,/& >3& *H#P6-#56-)+, & H3IH*Y5) DH*&
+--6-,& #-+& (6,5*%8& #**& #*).+A& +1+-%8& (+546B& 4#,& ,6(+& #(6235& 6'&
H3H05) @#*& +--6-:8 )3& 54+8'6-(8& 6'&,%,5+(#5) @& #3B& -#3B6(& +--6-/& C,&
365+B& )38 $-+1)62,& @AHS5+-,:8 5A+-+8 #-+& —+X WP +8 TH%,8 568 (63)56-:&
@635-6*&#3B&)($-61+&54+&H#3H*065) @H*&$-6@+,,/&DE+*)+1+8&)586-8365;&"
),&54+& " #$$%&S$#-5F

E25874+3&7+&B), @ 25:& GH3#*%5) @#*&SBBEGH3H*5) @#*&+--6-:&

HH@ A& HP6-#56-0684#, &S+ GHIHV5) @#*&+--6-,8)3854+)-&673&THY%ED:4),&)
54+8H34#$$Y08SH-5F /81 &@62-,+;854+&(H#3%E&B) " +-+3@+,8) 3&$-+GH3H*5) @#
+--6-8#-+85687+&+I$+@5+B/8KA)*+85A+EHIHU5) @H*8S-6@+,,8), &+, +35)H*Uh!
H(+8)3&HH@ A& H?6-#56-%8&D54+8)3,5-2(+35,8#3B&(+546B, &#-+&B+,)L3+B&
568$+-'6-(&54+& #(+&$-6@+,,F;&54+& $H#548 5A#58 54+ 8 $#5)+35&,$+@)(+3&
S#.+,8568-+H#@4854#58)3,5-2(+358),823)M2+ 8568+ #@ 4&A+H*54@#-+&,+55)3l
C3B&6'5+3854+8+52-386'&54+&5+ 58+, 2*5&#* 6&4#,8)5,8673&23)M2+&$#54
#3B&+3B,&2$863&#&63+G6'GHG.)3B&-+$6-5/&

C@@6-B)3L*%:;&,)3@+&54+&$-67*+(,8&5+3B&568 7+823)M2B;& 54+& ,6*:
5)63,&(2,586'5+3&7+&@2,56()N+B/&:4),&(#.+,&)5&(6-+&@4#**+3L)3L&56&
B+, @-)?+8L2)B+*)3+,& 6-8$-+GH#3#*065) @#*&#3BES6, 5GHIH*065) @H*8$-62*+(,

6** *[#750/(-+#08+#9.:

The definition of what constitutes a pre-analytical and post-analytical

error can also be confusing. Recently, the literature has defined

365& 63*%& $-+GH#3#*%5) @#*& +--6-,;& 2258 $-+G$-+G;& $-+G;& $6,5G; & #3B& ¢
post- analytical errors. Analytical errors are often narrowly defined
#,&+--6-,&1)3&54+&?6J;8&74) @4&6@ @2-&63*%& 7)54)3&54+&*#7?6-#56-Y%&#:
,6(+5)(+,&63*%&B2-)3L&54+&H@52#*&#3#*%,),&,5+$&74+3&54+&,$+@) (+3&
),&)3,)B+&54+8&)3,5-2(+35/&01+-%54)3L&+*,+&),&625,)B+&54+& 76/

I"#$%&
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"H$%8& () +$,-.$/)+-,$0'12),38/)+-, %
I"H#$068" (8)$%*+" -.&/01.82*$3&)$%*+" - &42

I"HS Y68H ()*+$,"-0b H&ASOHS ") VH1$ 2-#$-$ 3).$)4$ (54)86-.()5$-7)*.$
8*-3(.9$,)5.8)3%-5:5."#$0-95(.$ I" $*+#:$-5:$. "#$0-05( S #SY6& () * (+#::$

It may seem overwhelming at first.

<53$."(+$,"-%.#&=$0#>8#$2)(52$.)$.893-5:$+*66-&(?#$@#9$%)(5.+$
-5:$.*&5$."#6$(5.)$-,.()5+$9)*$,-55.- @#$5)0;$A)$0#>&#$2) (52$.)$2('#$
9)*$+)6#5B!) %SCDES3(+.+=$0"(,"$-&#$+)$%)%*3-&$(5$)*&$6#:(-$- 5 $3(.
H&- *&HBI"HHHH")*3:$"H3%$) *$&HOHO THES-33$. " #$(54)&6-.()5$48)6$
JHE%&H () +8,"-% . #&+P(5S-5$#-+950-98C$ 7*. $ &H#O6#67#8&$.)$2)$7-,@$
-5:$3)) @%-.$.")+#3,"-% . #&+$0"#5# #&$I)*$"- #$8*#+.()5+;

H)(52%."#$&(2".$1I$&(2".$(+$5).$#-+IK$$<.$.-@#+$-$3).$)4$+.*:9%$.)$
*5:#8&+.-5:8."#$,)5,#%.+$5-5:3%&(5,(%3#+=3."#5$#'#5$6) &#3$"-&:$0)& @ $
)$6-+.#8&$."#$:#.-(3+$)4$,-3,*3-.(52%."#$:-.-=$+#..(52%*%$."#$,)5.&) 3$
J-&+=$+#3#,.(523."#3&(2".$,)5.&) 3P&*3#+=$-5:$(6%3#6#5. (529 I$&(2".$
in the daily operations in the laboratory. Then there may be difficulF
.(#+$(5%,)5'(5,(52%)."#&+$."-.$,"-52#+$) &S (6% &) #6#5.+$-&#$&#-339%
5##:#:3(5%$."#$1I$%E&-,.(,#+3-3&#-:9$ (S *+#$(53."#$3-7)&-.)&9;$$L)*$
0(33$"#-&$6-59$ &#-+)5+$2('#5$0"9$9)*$,-5>.5,"-52#50"-.>+$ 7#(52%

) 5#; $EMH#E&H#S0#>33$.89%.)5-1: &#++3."#$6)+.$,)66)5%5,)6%3-(5.+=$,) &
6)5%%8&)73#6+=3-5:$5##:+$4) & H(6%6&) #6#5. ;3P "#+#$-&#3$)*&$B.) % F . #5ES
3(+.+;$B8N54)&.*5-.#39=%."#9$,)*3:$7#$6*,"$3)52#&$(53."#$&#-3$0)&3:=$
but the “top ten” should be sufficient to help you understand the

both the problems and the difficulties of making improvements in
9)*&$3-7)&-.)&9;

45665*$456721)*,&
89%0:456721)* #%$9$,-3$<5%$=.$*..<$,5$>-1*+.9047$3;,. @A.$

12=138%$<5*.$),$,-)&$=13B

"#$%8&() Change is always difficult and especially when basic

)5, #%.+$-5:3%&(5,(%3#+$-&#$*5:#&+.)):; $BII$"-+$)4 #5$7##5$.-*2".$
-+$5-$+#.$)4%.&-:(.()5+$"-5:#:$:)05$4&)6$)5#$-5-39+.$.)$."#$5#0.;$$

P4 #&$+)$6-59$B"-5:F)44+E=3(.>+$%)++(73#3$."-.$."#$)&(2(5-3(:#-+$-5:$

I"#$%&
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n 0 CLSI 169

! #$ A) CLSI C24-A3 22, 104B105,156, 181, 285

Assay Control Materials 124
&'()*+, cumulative mean and SD125

Establish Mean for New Lot128

1:2s control rule de!nition 20, 47, 49 Establish SD for new Lot128

1:3s control rule de!nition 20, 47 imprecision 1189119

2:2s control rule de'nition 21, 48 interlaboratory QC programs 253

20f3:2s control rule de'nition 50 CLSI EP18A2 207, 282

3:1s control rule de!nition 50 CLSI EP23A 176, 177, 180, 208, 213, 222, 223

4:1s control rule de!nition 48 , 226, 233, 247, 282

6:x control rule de'nition 50 CLSI EP26A 241, 243

7T control rule de!lnition 51 CLSI GP26 9

8:x control rule de!nition 49 CLSI guidance 175

9:x control rule de'nition 51 CLSI HS1-A2 17, 272, 274

10:x control rule de!nition 49 CLSI Osource of errors matrix@92

"SEcrit 142 Coeticient of variation, CV 122

cumulative 126
- Coetfcient of variation index, CVI 131, 257

] COLA 9
Across materials 60 Collection and processing of specimerid9
Across run 61, 73 Commutability 226
Allowable bias 11 Continuous mode 158D159
Allowable imprecision 11 Control charts 16, 19, 32D41
Allowable total error 11, 140. 284 Control concentration level 99
Analytical QC Plan 283 Control limits 19, 27,32, 117, 123, 181, 314
Analytical Run 22, 156 cumulative 127
Analytic Controls 200 Control materials 25026, 123
Analyzer Acceptability 200 Assayed versus unassayetD8
Assay control limits 117 Assigned values124
Assayed values124 concentration levels 108
Automation 2979299 lot changes 127128

Matrix 104D106
Pre-treatment steps106

Stability 107
Bad control habits 78D79 Vendor considerations 1099110
Batch mode 157 Vial-to-vial variability 1079108
Bottle values 123D124, 314 Control mechanisms 224
Control repeats 78, 96
/ Control results 41942
Control rules 20, 100
CAP 9, 179, 180, 240 Controls (see also control materials)}53D160
Cartridge stability 229 Control stability 99
Changing control lots 127 Corrective action 281
Charts of Operating Specilcations ( see alse OP Critical Di$erence 241
Specs charts) 321 Customer complaints 201
CLIA 9, 21,117,191, 197, 204, 208, 229,233 CVI 257,258

, 246, 259, 273
run length 154D155

I"H#$%&(
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0

Default QC 155,171, 175,194

Defect rates 250

Detectability 177, 211

Detection 173,182, 208, 213,
214, 221,222,227

Developing an IQCP: A step-by-step guidEs8,
177

1

E$ort 225

Electronic QC 161, 166, 166D167168, 168D
169

EP23A 182

EQA 253

EQC 171,180

Equivalent QC 161

Equivalent quality testing 180

Error detection (Ped) 18, 55,56

Error frequency 303D304

Error sources 164

Event-driven QC 157

Examination procedure 276

External Quality Assessment (EQA)6. 169, 254

EZ Rules 285, 325

2

Failure Mode E$ects Analysis (FMEAJ}6,

High sigma TQC strategy285
Histogram 16D17

HS1 (see also CLSI HS19
!

Immediate notilcation of critical values200

Imprecision 142

Individualized Quality Control Plan (see IQCP)

Instrument and environmental conditions200

Instrument and reagent factorsl63, 164

Integration/Report/Chart 163

Intended quality of results 280

Internal procedural controls 161

Interpretative guidance and safety informa
tion 201

Interpretative Guidelines 174

IQCP 158,162,172,174,179, 181, 182, 18
3, 191, 194, 196, 197, 199, 206, 207
, 209,210, 223, 225, 230, 233, 245, 2
46, 248, 251

ISO 9000 11, 12

ISO 73,165, 172, 271, 272, 273, 276D279280D
281,319

ISO 15198 102

ISO 22367 281

5

Labeling of specimens and sampld99
Lean 16, 299D300

175, 204, 207, 208, 210, 211, 216, 217, 22evey and Jenningsl8

Failure modes 177, 197, 204, 205,207, 208
False alarm 103
False rejection (Pfr) 18, 27,55, 56

Frequency of Controls 153D160, 203

3

Gaussian distribution 16
Good laboratory habits 79984

Good Laboratory Practices271

4

Hazard identilcation 178
Hazards 197, 210
Hazards checklist 198

I"H$%8&&)

Low sigma TQC strategy285

6

Management responsibility 98, 102

Matrix 104D106

Matrix e$ect 104

Mean 16, 26, 32, 99, 1180120123
cumulative 126

Mean and SD calculations
Assigned values 124
Cumulative interval values124
Cumulative-to-date values125
Fixed interval values 124
Moving interval values 125

Measurand 276
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Measurement uncertainty (MU) 286
Method stability 99

Moderate sigma TQC strategy285 QA plan 248
Multirule QC (see also OWestgard Rulegdps7 ~ QC Plan 158, 169, 175, 191, 193, 208, 245
, 282

7 QC protocol 60D61,95

QC review 200
NGSP 240 Quality System Essentials (QSB)?, 17, 271-274
Non-conformities 251, 281 Quality 11
Normal distribution 16 delnition  9D10
Normalized OPSpecs Chart$25 Quality Assessment plan (QA)L73, 249

Quality Assessment (QA)14, 172, 178, 245-246
8 Quality Assurance 11, 196,209

Quality Assurance monitoring 158
Occurrence 173, 177,182, 208, 210, Quality Control (QC) 14, 22

213,221, 227, 228 delnition 11

Operator variability 227 Quality Control Plan (QCP) 22, 172,173, 176,
OPSpecs charts285, 325 178, 247

Quality Control strategy 22
Quality Design 14
9 Quality Goals (QG) 14
Quality Improvement (Ql) 14
Quality Indicators 11, 247
Quality Laboratory Processes (QLP)4, 18,165
Quality Management 11
Quality Management Systeml2, 271
Quiality Policy 12
Quality System 274

Out of control problems 77988

Parallel testing 55
Patient identilcation 199
Patient Safety 16
Peer comparison 254257
advantages 268
report 260, 2600263
Plan-Do-Check-Act cycle 13, 271 .
Point of Care (POC) 191-192, 197, 202, 216-218, »
225, 226,227, 229, 238, 243, 282, 313
Post-analytical errors 162-163, 165, 291,
294, 301302, 322
E?;étﬁr;ﬁguczgf nirols 200 Rea_tge_n_t lot-to-lot acceptability241
Pre-analytical errors 162-164, 2019298039305, ~elability 225 ,
322 ORepeated, repeated, got luck@®
Repeat Patient Test (RPTR26,
227,229, 233, 235, 236
Residual risk 227, 282
Results/Readout/Raw Datdl 63
Right QC 171
Right-sized SQC 205
Risk 175,178,207
Risk Analysis 175, 282,319, 322
Risk Assessment158, 172-174,
176, 178, 204, 207, 209-210, 215, 221,
245-246

R:4s control rule de!nition 21, 48
Random error 81, 120
Reagent acceptability200

Pre-analytical workstations298H299

Pre-Analytic Controls 199

Preliminary review 163

Preventive actions 281

Probability for error detection (Ped)144

Probability for false rejection (Pfr)144

Prolciency Testing (PT) 16, 194,204,
229, 233,323, 253-254, 265-267

Provider-Performed Microscopy171

I"#$%&&*



I"#$% &' (&)*'%+$%,#-8&01$+$23

Risk-Based QC Plan192, 193, 207, 218
Risk Estimation 175
Risk Evaluation 175
Risk Factors 212
Risk Management.6,

166, 169, 176, 207, 222, 282
Risk Mitigation 183, 208, 221, 227-228
Risk Priority Number (RPN) 212, 214
Root cause analysisl73
Run length 21, 153160
Running a new control 79

&

Sample acceptability200, 229

Sample instability 228

Sample preparation 163

Sample presentation164

Sample requirements199

SDI 257

Serial testing 55

Severity 77182, 204, 208, 210,221, 222, 228

Severity 210, 213, 227

Shewhart 17

Sigma-metric 141, 142, 144, 303305322

signilcant !gures 119, 123

Six Sigma 15, 16, 300

Six Sigma Quality Managemen250, 319

Six Sigma Quality Management Systeg84, 287

Six Sigma Quality Management SysterB20

sources of error 159

sources of errors 162

Specimen collection 163, 164

standard devation index, SDI130D131

standard deviation 99, 118, 1200122123
cumulative 121,126

standard deviation index, SDI257

standard deviation (SD) 16, 26D27

Standard Operating Procedure (SOR85

Standard Operating Procedures (SOP295D

296, 320

Standard Operating Procedures, SOR§9

State Operations Manual (SOML61, 171

Statistical process controll8, 19

Statistical QC 1019102200

Statistical quality contro 22

Step-by-Step Guide for Developing an IQCE07

systematic error 80D81,82, 120
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<

Test report delivery 201

Test result review 200

%e Joint Commission 179

tolerance limits 15

Total error 258D259

total error graph 259

Total QC Plan 182,191, 192,194, 195, 196, 1
99, 201, 204, 205, 206, 208, 210, 230,
233, 246, 283, 322

Total QC plans 320

Total QC strategies 320

Total QC Strategy 283

Total QC strategy (TQC) 285

Total Quality Control Plan 286

Total Quality Management 319

Total Quality Management (TQM) 13

Total Testing process208

Total Testing Pros 16, 17, 161, 162, 165, 166,
167,191, 192, 196, 197, 199, 202, 204
, 207, 233, 275, 284, 292, 319

Traceability 277

trouble-shooting

guides 84b88

Trueness of measuremen77

turn-around time 300

turnaround time 251

Turnaround time 218, 228

Turnaround Time 201

Uncertainty of measurement277

>
Value Stream Mapping 301
?

warning rule 52, 55, 60, 65, 67, 69, 73
OWestgard Rules®8
interpretation 59b76
modern recommendations 56D57
traditional 46
OWestgard Rules@8
Westgard Sigma Rulesl91, 196, 203, 204, 285
, 312,321, 325
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within material 60
withinrun 60
within-run 60

@

Youden plot 257
Youden Plot 264, 266

A

z-score 129
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