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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.  

0&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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Laboratory Sciences Program at the University of Wisconsin Medical 
School.

David S. Plaut, BA, is a Scientific Specialist with more than 30 years of 
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Laboratories at the University of Wisconsin Hospital and Clinics. 

Bernard E. Statland, MD, PhD, was Director, Office of Device Evalua-
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online training portal...and nags his father to write more books. 
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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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!"#$%&'&(#%#')$*+$,-&./)0$/'$%#1/2&.$.&3*4&)*4/#5$)*1&0$/5$(#'#4&..0$
5-36#2)$)*$'&)/*'&.$*4$/')#4'&)/*'&.$(-/1#./'#5$+*4$(**1$.&3*4&)*40$
74&2)/2#8$$9*4$#:&%7.#;$%&'0$2*-')4/#5$&1*7)$<=>$?@?AB$*'#$*+$)"#$
(-/1#./'#5$ +*4$ ,-&./)0$ &'1$ 2*%7#)#'20$ C?D8$ $ =/%/.&4$ (-/1&'2#$ +*4$
/%7.#%#')/'($&$EF-&./)0$G&'&(#%#')$=05)#%H$/5$+*-'1$/'$2*'5#'5-5$
(-/1#./'#5$1#I#.*7#1$30$)"#$J./'/2&.$K&3*4&)*40$=)&'1&415$<'5)/)-)#$
LJK=<M;$/'$)"#/4$1*2-%#')5$N=?$COD$&'1$PQOR$CSD8$<'$&11/)/*';$)"#4#$
%&0$3#$4#(-.&)*40$4#,-/4#%#')5$/'$5*%#$2*-')4/#5;$5-2"$&5$)"#$T=$
JK<U$4-.#5$CVD;$&5$W#..$&5$74*+#55/*'&.$(-/1#./'#5$+*4$&224#1/)&)/*'$
&'1$/'57#2)/*';$5-2"$&5$)"#$J*..#(#$*+$U%#4/2&'$Q&)"*.*(/5)5$LJUQM;$
!"#$X*/')$J*%%/55/*'$L! XJM;$*4$J>KU$/'$)"#$T=8$$

Y/4#2)*45;$%&'&(#45;$&'1$5-7#4I/5*45$%-5)$ -'1#45)&'1$ )"#$
(-/1&'2#$ 1*2-%#')5$ )"&)$ (*I#4'$ 74&2)/2#5$ /'$ )"#/4$ .&3*4&)*408$ $
U'&.05)5$ '##1$ )*$ -'1#45)&'1$ 2#4)&/'$ )#2"'/2&.$ 4#,-/4#%#')5$ +*4$
)"#$*7#4&)/*'$*+$&'&.0)/2&.$74*2#55#5;$7&4)/2-.&4.0$)"#$I&./1&)/*'$*+$
%#)"*15$&'1$=)&)/5)/2&.$F-&./)0$J*')4*.$L=FJM8$$>-4$7-47*5#$/'$)"/5$
/')4*1-2)/*'$/5$)*$1#524/3#$)"#$3/($7/2)-4#$*+$,-&./)0$%&'&(#%#')$
&'1$)"#'$+*2-5$*'$)"#$3&5/2$74&2)/2#5$)"&)$%-5)$3#$/%7.#%#')#1$&)$
)"#$3#'2"$.#I#.$+*4$%&'&(/'($&'&.0)/2&.$,-&./)08$$

01%,#(2#./%*(,+3

ZI#40*'#$)&.[5$&3*-)$,-&./)0;$3-)$W"&)$#:&2).0$1*#5$EF-&./)0H$%#&'\$$
You can find many definitions in the literature, but we need one that 
"#.75$-5$-'1#45)&'1$.&3*4&)*40$,-&./)0$/'$&$74&2)/2&.$W&08$$N#4#$&4#$
some definitions that provide a good starting point:

! $ U]=<^U=FJ$ US_?B`A8$!"#$%&'( )( &*+( &,&#$%&'( ,-( -+#&".+/( #01(
2*#.#2&+.%/&%2/(,-(#(3.,1"2&(,.(/+.4%2+(&*#&(5+#.(,0(%&/(#5%$%&'(&,(
/#&%/-'(6%4+0(0++1/$C@D8$$

! $ X-4&'$a$Quality is fitness for use$CRD8

! $ J4*530$a$!"#$%&'(%/(2,0-,.7#02+(&,(.+8"%.+7+0&/$C`D8

! $ Y#%/'($a$ !"#$%&'(/*,"$1(5+(#%7+1(#&(&*+(0++1/(,-(&*+(2"/&,7+.(
CAD8
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These definitions are from industry and from some of the quality 
(-4-5$W"*$(-/1#1$/'1-5)4/&.$,-&./)0$%&'&(#%#')$/'$)"#$.&5)$"&.+$*+$
the 20th century.  Notice that all these definitions focus on the needs 
*4$4#,-/4#%#')5$*+$)"#$2"/&,7+. ;$/'$*-4$2&5#$)"#$7&)/#')$L2*'5-%#4M$
&'1$)"#$7"05/2/&'$L-5#4M$W"*$&2)5$*'$3#"&.+$*+$)"#$7&)/#')8$$]*)#$&.5*$
)"&)$)"#4#$%&0$3#$%&'0$1/%#'5/*'5$)*$,-&./)0;$/8#8;$%&'0$+#&)-4#5$*4$
2"&4&2)#4/5)/25$)"&)$&4#$/%7*4)&')8$$!"#$+*..*W/'($/5$&$(**1$50')"#5/5$
of these definitions and should provide us with a starting point for 
understanding quality in a quantitative way:

! $ JYJ$?BAR8$9*+(8"#$%&'(,-(#($#5,.#&,.'(&+/&%06(/+.4%2+(1+3+01/(
,0(3.,4%1%06(&*+(&,&#$%&'(,-(-+#&".+/(#01(2*#.#2&+.%/&%2/(&*#&(
2,0-,.7(&,(&*+(/&#&+1(,.(%73$%+1(0++1/(,-("/+./(,.(2"/&,7+./(
CBD8

Note that this definition is 30 years old!  Quality management 
/'$%#1/2&.$.&3*4&)*4/#5$"&5$&$.*'($"/5)*40$&'1$W&5$'*)$/'I#')#1$30$
<=>$*4$JK=<$*4$JK<U8$$!"*5#$(-/1#./'#5$#%#4(#1$+4*%$&))#%7)5$)*$
5-%%&4/b#$*4$2*1/+0$74&2)/2#5$)"&)$"&1$&.4#&10$3##'$1#I#.*7#1$/'$
.&3*4&)*4/#5$&'1$)*$)4&'5+#4$E(**1$.&3*4&)*40$74&2)/2#5H$%*4#$W/1#.0$
throughout the field.  

This definition of quality acknowledges the “totality of features 
&'1$2"&4&2)#4/5)/25H$)"&)$%&[#5$,-&./)0$%-.)/_1/%#'5/*'&.8$$=*%#_
)/%#5$W"#'$W#$&4(-#$&3*-)$,-&./)0;$W#$&4#$&2)-&..0$&4(-/'($&3*-)$
1/++#4#')$2"&4&2)#4/5)/25;$#8(8;$&$7"05/2/&'$5&05$)"#0$&4#$-75#)$&3*-)$
)"#$7**4$,-&./)0$*+$&$)#5)8$$c#$&4(-#$)"&)$)"#$)#5)$W&5$/'_2*')4*.$&'1$
%##)5$)"#$4#,-/4#%#')5$+*4$&..*W&3.#$#44*48$$d-)$)"#$7"05/2/&'$/5$
&2)-&..0$-75#)$&3*-)$&".0#.,"01(&%7+ ;$&$I#40$1/++#4#')$2"&4&2)#4/5)/2$
*+$,-&./)08$<+$)"#$.&3*4&)*40$4#,-/4#%#')$+*4$)-4'&4*-'1$)/%#$W&5$
5#)$&)$?$"*-4$&'1$)"#$4#7*4)$W&5$'*)$74*I/1#1$-')/.$O$"*-45;$)"#'$)"#$
7"05/2/&'$"&5$&$4/(")$)*$2*%7.&/'$)"&)$)"#$.&3*4&)*40$1/1$'*)$74*I/1#$
)"#$,-&./)0$*+$5#4I/2#$#:7#2)#18$$!"&)$&.5*$5"*W5$)"#$/%7*4)&'2#$*+$
defining$"*W$(**1$)"#$)#5)$*4$5#4I/2#$%-5)$3#8

J*'+*4%&'2#$)*$5)&)#1$*4$/%7./#1$'##15;$/8#8;$(*&.5;$*36#2)/I#5;$
*4$4#,-/4#%#')5;$/5$)"#$[#0$)*$%&[/'($,-&./)0$&$,-&')/)&)/I#$&'1$
%#&5-4&3.#$ 2"&4&2)#4/5)/28$ $ 9*4$ )-4'&4*-'1$ )/%#;$ )"#$ .&3*4&)*40$
'##15$)*$#5)&3./5"$/)5$4#,-/4#%#')5$+*4$4#7*4)/'($4*-)/'#;$74/*4/)0;$
&'1$ #%#4(#'20$ )#5)$ 4#5-.)58$ $ Y/52-55/*'5$ W/)"$ )"#$ -5#45;$ /'$ )"/5$
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2&5#$7"05/2/&'5$&'1$'-45#5;$5"*-.1$"#.7$/1#')/+0$)"#$2./'/2&.$'##158$$
d#2&-5#$)"#$%#&5-4#$/5$/'$-'/)5$*+$)/%#;$/8#8;$%/'-)#5$*4$"*-45;$)"&)$
&4#$-'1#45)**1$30$3*)"$)"#$2-5)*%#4$&'1$)"#$.&3*4&)*40;$W#$2&'$
communicate, define, and measure quality in terms of time.

U'&.0)/2&.$,-&./)0$/5$'*)$&5$#&50$)*$-'1#45)&'18$$N*W$5"*-.1$
)"#$4#,-/4#%#')$3#$5)&)#1\$$="*-.1$/)$3#$/'$)"#$+*4%$*+$&..*W&3.#$
3/&5;$&..*W&3.#$/%74#2/5/*';$*4$&..*W&3.#$)*)&.$#44*4\$$U'1$"*W$1*$
0*-$2*%#$-7$W/)"$&$'-%3#4\$$<'$)"/5$2&5#;$)"#$7"05/2/&'_-5#4$&'1$
7&)/#')_2*'5-%#4$1*$'*)$"&I#$)"#$)#2"'/2&.$-'1#45)&'1/'($)*$1/52-55$
)"#$7#4+*4%&'2#$2"&4&2)#4/5)/25$*+$&$%#&5-4#%#')$74*2#1-4#;$)"#4#_
+*4#;$.&3*4&)*40$52/#')/5)5$%-5)$3#$4#57*'5/3.#$+*4$-'1#45)&'1/'($)"#$
2./'/2&.$'##15$&'1$/')#474#)/'($)"*5#$'##15$/'$)#4%5$*+$&'&.0)/2&.$
7#4+*4%&'2#$(*&.58$$ !"&)e5$*-4$4#57*'5/3/./)0$+*4$E/%7./#1$ '##15H$
in the definition of quality.  The laboratory must take responsibil_
ity because the physician and patient cannot define quality in the 
)#2"'/2&.$)#4%5$)"&)$&4#$-5#1$/'$)"#$.&3*4&)*408$$$$$

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@:

! $ : !"#$%&' ()(;+6.++(&,(<*%2*(#(/+&(,-(%0*+.+0&(2*#.#2&+.%/&%2/(
fulfill requirements (ISO 9000).

! ( !"#$%&'(#))"*#+,-( )(=#.&(,-(8"#$%&'(7#0#6+7+0&(-,2"/+1(,0(
providing confidence that quality requirements will be fulfilled 
(ISO 9000)

! ( !"#$%&'( ,.+&*.$( )(=#.&( ,-(8"#$%&'(7#0#6+7+0&( -,2"/+1( ,0(
fulfilling quality requirements (ISO 9000)

! ( !"#$%&'(%+/%,#&.*)( – Observations, statistics, or data defined 
5'(&*+(,.6#0%>#&%,0(,.(/+.4%2+(&*#&(&'3%-'(&*+(3+.-,.7#02+(,-(#$
6%4+0(<,.?(3.,2+//(#01(3.,4%1+(+4%1+02+(&*#&(&*+(,.6#0%>#&%,0(
or service is meeting its quality intentions (AABB).

! $ !"#$%&'(0#+#1-0-+&( )(@,,.1%0#&+1(#2&%4%&%+/(&,(1%.+2&(#01(
control an organization with regard to quality (ISO 9000)
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! ( !"#$%&'(0#+#1-0-+&()')&-0( )(A#0#6+7+0&(/'/&+7(&,(1%.+2&(
and control an organization with regard to quality (ISO 9000); 
Note: Systematic and process-oriented efforts are essential to 
meet quality objectives.

! ( !"#$%&'( 2.$%,'( – Overall intentions and direction of an 
,.6#0%>#&%,0(.+$#&+1(&,(8"#$%&'(#/(-,.7#$$'(+B3.+//+1(5'(&,3(
management (ISO 9000)

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

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

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

f $ Q#45*''#.;$

f $ Z,-/7%#');$

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

f $ Q4*2#55$J*')4*.;$

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

f $ Z:)#4'&.$&'1$<')#4'&.$U55#55%#');$

f $ Q4*2#55$<%74*I#%#');$

f $ J-5)*%#4$=#4I/2#$&'1$=&)/5+&2)/*';$&'1

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

These definitions, though official and widely used in the ISO and 
JK=<$1*2-%#')5;$1*$'*)$30$)"#%5#.I#5$24#&)#$&'$-'1#45)&'1/'($*+$
W"&)$)*$1*$)*$%&'&(#$,-&./)0;$*4$"*W$)*$1*$/)8$$F-&./)0$%&'&(#%#')$
/5$&$2*%7.#:$74*2#55$)"&)$/'I*.I#5$%&'0$#.#%#')5;$2*%7*'#')5;$&'1$
#55#')/&.5$&'1$4#,-/4#5$2&4#+-.$*4(&'/b&)/*'$&'1$/%7.#%#')&)/*'8$
U'1$ 4#%#%3#4$ )"&)$ E505)#%&)/2$ &'1$ 74*2#55_*4/#')#1$ #++*4)5$ &4#$
#55#')/&.$)*$%##)$,-&./)0$*36#2)/I#58H
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01%,#(2#%#2+2,45%,(-#678-422#987#5%&%'(&'#:/%*(,+3#

9*4$.&3*4&)*40$52/#')/5)5;$ /)$%&0$3#$#&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$)"#$Q.&'_Y*_J"#2[_U2)$LQYJUM$202.#8$$c#$.#&4'#1$)*$/1#')/+0$&$
74*3.#%$*4$,-#5)/*';$7.&'$&'$#:7#4/%#')$)*$&114#55$)"#$/55-#;$1*$
)"#$#:7#4/%#');$2"#2[$)"#$#:7#4/%#')&.$1&)&;$)"#'$&2)$*'$)"&)$1&)&8$$
>+)#'$)"#$&2)/*'$.#&15$)*$7.&''/'($&$3#))#4$#:7#4/%#')$&'1$4#7#&)/'($
)"#$74*2#55$-')/.$W#$&4#$&3.#$)*$2*'2.-5/I#.0$&'5W#4$)"#$,-#5)/*'$*+$
interest.  We can adapt this scientific approach to provide a model 
+*4$,-&./)0$%&'&(#%#');$&5$5"*W'$/'$9/(-4#$?_?8$$$

This model clearly reflects the PDCA cycle, where the “plan” 
/5$&)$)"#$)*7;$E1*H$1#524/3#5$)"#$.&3*4&)*40$74*2#55#5$+*4$(#))/'($)"#$
W*4[$1*'#;$E2"#2[H$/'2.-1#5$3*)"$,-&./)0$2*')4*.$&'1$,-&./)0$&55#55 _
ment, and “act” reflects the actions needed to correct problems and 
/%74*I#$)"#$74*2#558$<'$1#524/3/'($)"/5$74*2#55;$W#e..$5)&4)$W/)"$)"#$
“do” because the definition of work processes and standardization of 
how the work gets done is usually the first step in managing quality.

Q
Q Q
Q Q

; !"##$#%

<"&'(")'(*

; ('+,--,-

= '#)('!) --,--.,#)

>./('0,.,#)1 Q
? '"!-

@(A#@('5%

B(2C#
$%&%'454&,

./%*(,+#>&D(-%,872

=<@>E#>@F#
?/(D4*(&42

B4G4&'(&447(&'
@(A#@('5%#H42('&

<4%&

>&264-,(8&
)--74D(,%,(8&

23+4,$&565(&78*"9&:4"93*;&<"="+$#$=*&>7:<?&/,8@$%%&2,"#$A8,B&"=-&
,$9"*$-&C,8+,"#%&D8,&:4"93*;&E#C,8F$#$=*(
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! $ "#$%&'()*$+,-$',-().-,/01101)2"*.3 $4#+#45$)*$)"#$7*./2/#5;$
74*2#1-4#5;$7#45*''#.$5)&'1&415;$7"05/2&.$4#5*-42#5;$#)28;$)"&)$
1#)#4%/'#$"*W$W*4[$(#)5$1*'#$/'$)"#$.&3*4&)*408$$K&3*4&)*40$
%#)"*1$%&'-&.5$1#524/3#$)"#$5)&'1&41$*7#4&)/'($74*2#1-4#5$
L=>Q5M$&'1$74*2#55#5$+*4$74*1-2/'($)#5)$4#5-.)58

! $ "#$%&'()4,5'-,%)2"43 $4#+#45$)*$74*2#1-4#5$+*4$%*'/)*4/'($
W*4[$74*2#55#5;$1#)#2)/'($74*3.#%5;$&'1$%&[/'($2*44#2)/*'5$
74/*4$)*$)"#$1#./I#40$*+$74*1-2)5$&'1$5#4I/2#58$$=)&)/5)/2&.$FJ$/5$
&$%&6*4$74*2#1-4#$+*4$%*'/)*4/'($)"#$&'&.0)/2&.$7#4+*4%&'2#$
*+$.&3*4&)*40$)#5)/'($74*2#55#58

! $ "#$%&'()611011705')2"63 $4#+#45$)*$)"#$34*&1#4$%*'/)*4/'($
*+$*)"#4$1/%#'5/*'5$*4$*)"#4$2"&4&2)#4/5)/25$*+$,-&./)0$5-2"$&5$
)-4'&4*-'1$)/%#;$7&)/#')$74#7&4&)/*';$57#2/%#'$&2,-/5/)/*';$
&'1$4#5-.)$4#7*4)/'($)"&)$&4#$%*'/)*4#1$)"4*-("$34*&1$FU$
activities. Proficiency Testing (PT) or External Quality 
U55#55%#')$LZFUM$74*I/1#$&'$#:)#4'&.$*4$*-)5/1#$%#&5-4#$
*+$7#4+*4%&'2#8$$]*)#$)"&)$W#$-5#$)"#$)#4%$&55#55%#')$"#4#$
/'5)#&1$*+$&55-4&'2#$3#2&-5#$)"#$#%7"&5/5$ /5$*'$ *3)&/'/'($
%#&5-4#5$*+$,-&./)08$$F-&./)0$&55-4&'2#$/5$)"#$*-)2*%#$*+$)"#$
W"*.#$74*2#55;$'*)$5/%7.0$&$2*%7*'#')$/'$)"#$74*2#558

! $ "#$%&'() 879-,:0705') 2"83 $ /5$ &/%#1$ &)$ 1#)#4%/'/'($ )"#$
root causes or sources of the problems being identified by QC 
&'1$FU8$$!"#$2&-5#5$*+$5*%#$74*3.#%5$2&'$3#$1#)#4%/'#1$30$
individual analysts, but many of the most difficult problems 
4#,-/4#$&$)#&%$74*3.#%_5*.I/'($74*2#55$)"&)$-)/./b#5$7&4)/2-.&4$
QI tools (such as flowcharts, Pareto diagrams, cause and effect 
or “fishbone” diagrams, force field analysis, etc.).

! $ "#$%&'().%$55&5;)2".3 $2$%1,)"#$%&'()<01&;53 $/5$2*'2#4'#1$
W/)"$#5)&3./5"/'($&'1$I&./1&)/'($74*2#55#5$)"&)$%##)$2-5)*%#4$
'##158$ $ !"#$ 5#.#2)/*'$ &'1$ I&./1&)/*'$ *+$ '#W$ %#)"*15$ &'1$
instruments fits here, as well as the selection and design of 
=)&)/5)/2&.$FJ$74*2#1-4#5$&'1$&'&.0)/2&.$,-&./)0$505)#%58

! $ "#$%&'()=,$%1)2"=3 $4#74#5#')$)"#$*36#2)/I#5$*4$4#,-/4#%#')5$
)"&)$%-5)$3#$&2"/#I#1$)*$5&)/5+0$)"#$'##15$*+$2-5)*%#458$$9*4$
&'&.0)/2&.$,-&./)0;$)"#$4#,-/4#%#')$5"*-.1$3#$)*$74*I/1#$)#5)$
4#5-.)5$)"&)$&4#$2*44#2)$W/)"/'$5)&)#1$./%/)58$$<=>$*+)#'$-5#5$
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)"#$7"4&5#$E/')#'1#1$-5#H$&5$&$(#'#4&.$#:74#55/*'$*+$2./'/2&.$
needs or requirements, but we want to be more specific here 
and clearly recognize the importance of defining the goals and 
4#,-/4#%#')5$)"&)$%-5)$3#$&2"/#I#1$)*$5&)/5+0$)"#$'##15$+*4$
E/')#'1#1$-5#8H

!"#5#$2*%7*'#')5$W*4[$)*(#)"#4$)*$74*I/1#$&$+##13&2[$.**78$$
QLP defines the policies, procedures, and processes that are needed 
)*$(#)$)"#$W*4[$1*'#8$$FJ$&'1$FU$%#&5-4#$"*W$W#..$)"#$W*4[$/5$
(#))/'($1*'#8$$c"#'$74*3.#%5$&4#$1#)#2)#1;$F<$+*2-5#5$*'$)"#$4**)$
2&-5#5;$ W"/2"$ 2&'$ )"#'$ 3#$ #./%/'&)#1$ )"4*-("$ FQ;$ /'$ )"/5$ 2&5#$
&2)-&..0$4#_7.&''/'($)"#$)#5)/'($74*2#55#5$&'1$/%7.#%#')/'($'#W$
&'1$3#))#4$W&05$*+$1*/'($)"#$W*4[;$W"/2"$.#&15$)*$2"&'(#5$/'$FKQ8$$
!"-5;$ )"/5$ %&'&(#%#')$ 74*2#55$ 74*I/1#5$ &$ 202.#$ +*4$ 2*')/'-*-5$
improvement of quality!

An important insight is that the definition of quality goals and 
)"#$/%7.#%#')&)/*'$*+$&$F-&./)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 
#44*4_3-1(#)5$)*$(-/1#$*-4$%&'&(#%#')$*+$,-&./)0$C?hD8$$=-2"$#44*4$
3-1(#)5$&4#$24/)/2&.$+*4$)"#$5#.#2)/*'$&'1$ I&./1&)/*'$ *+$&'&.0)/2&.$
%#)"*15$&'1$&.5*$+*4$)"#$1#I#.*7%#')$*+$FJ$505)#%5$)"&)$(-&4&')##$
W#$1*$'*)$*I#457#'1$&'1$74*1-2#$)#5)$4#5-.)5$)"&)$#:2##1$)"#$1#5/4#1$
requirements for quality.  The need to define “)*.#4&'2#$./%/)5H$*4$
&..*W&3.#$#44*45$/5$&'$#55#')/&.$7&4)$*+$=/:$=/(%&$FG$C??D;$)"-5$
)"#$#:)#'5/*'$*+$!FG$W/)"$=/:$=/(%&$2*'2#7)5$&'1$%#)4/25$%&[#5$
,-&./)0$%&'&(#%#')$&$%-2"$%*4#$,-&')/)&)/I#$74*2#558$$$

!"/5$,-&./)0$%&'&(#%#')$74*2#55$2&'$3#$&77./#1$)*$&'0$7&4)$*+$
)"#$.&3*4&)*40$)*)&.$)#5)/'($74*2#55$&'1$)"#4#$&4#$%&'0$&11/)/*'&.$
tools and techniques that enhance this central process:  

! $ 4*>8)$5?)8>@);#&?0%&501)$5?)1'$5?$-?1) 74*I/1#$(-/1&'2#$
*'$3#5)$.&3*4&)*40$74&2)/2#5$)"&)$5"*-.1$3#$/%7.#%#')#1$/'$
)"#$.&3*4&)*40i

! $ 85190/'&,5)$5?)$//-0?&'$'&,5) 74*I/1#$&'$#:)#4'&.$&-1/)$*+$
)"#$.&3*4&)*40$,-&./)0$505)#%$)*$&55#55$W#&['#55#5$)"&)$'##1$
/%74*I#%#')i
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! $ "#$%&'()85?&/$',-1) &4#$,-&')/)&)/I#$%*'/)*45$*+$7#4+*4%&'2#$
)"&)$ 74*I/1#$ &'$ &55#55%#')$ &'1$ 2*%7&4/5*'$ *+$ .&3*4&)*40$
5#4I/2#5i$Proficiency Testing (PT)$&'1$AB'0-5$%)"#$%&'()
611011705')2A"63 $&4#$2*%%*'.0$-5#1$&5$#:)#4'&.$%*'/)*45$
*+$&'&.0)/2&.$7#4+*4%&'2#i

! $ >&B)>&;7$) 74*I/1#5$,-&')/)&)/I#$)**.5$+*4$%#&5-4/'($,-&./)0$
&(&/'5)$ 4#,-/4#%#')5$ *'$ &'$ &35*.-)#$ *4$ =/(%&_52&.#;$ W/)"$
/'1-5)4/&.$3#'2"%&4[5$+*4$"*W$(**1$,-&./)0$ /*,"$1 $3#$LR_=/(%&M$
&'1$ W"&)$ ,-&./)0$ /5$ '*)$ &22#7)&3.#$ +*4$ 4*-)/'#$ 74*1-2)/*'$
74*2#55#5$L3#.*W$S_=/(%&Mi

! $ C&1D) 7$5$;0705') 74*I/1#5$ )**.5$ 5-2"$ &5$9&/.-4#$ G*1#$
Z++#2)$U'&.05/5$L9GZUM$)*$ /1#')/+0$2&-5#5$*4$#44*45$&'1$)*$
74*I/1#$(-/1&'2#$+*4$%/)/(&)/*'$*+$4/5[5$L74#I#')/*';$1#)#2)/*';$
#./%/'&)/*';$4#2*I#40Mi$Q&)/#')$=&+#)0$74*I/1#5$&'$#%7"&5/5$
*'$/1#')/+0/'($&'1$2*44#2)/'($74*3.#%5$/'$)"#$ Total Testing 
.-,/011 ;$ W"/2"$ /'2.-1#5$ 74#_&'&.0)/2;$ &'&.0)/2;$ &'1$ 7*5)_
&'&.0)/2$ 74*2#55#5$ L*4$ 74#_#:&%/'&)/*';$ #:&%/'&)/*';$ &'1$
7*5)_#:&%/'&)/*'$74*2#55#5;$/'$<=>$)#4%/'*.*(0M8

! $ <01&;5) E,-) >&B) >&;7$) 74*I/1#5$ &$ 1#)&/.#1$ 7.&''/'($
%#)"*1*.*(0$+*4$&2"/#I/'($,-&./)0$(*&.5$&'1$/%74*I/'($74*2#55$
7#4+*4%&'2#i$g#_#'(/'##4/'($74*I/1#5$(-/1&'2#$+*4$%&6*4$4#_
1#5/('$*+$74*2#55#5i$K#&'$74*I/1#5$&$%#)"*1*.*(0$)"&)$+*2-5#5$
on reducing cycle time to optimize efficiency and reduce cost.  
!"#$&77./2&)/*'$*+$*0$5 $/'$.&3*4&)*4/#5$)*1&0$1#%*'5)4&)#5$
)"#$#I*.-)/*'$*+$3-5/'#55$74*2#55$4#_#'(/'##4/'($&'1$&))#5)5$
to the increasing importance of planning! When coupled with 
=/:$=/(%&$L*+)#'$2&..#1$*0$5)>&B)>&;7$ M;$.&3*4&)*4/#5$"&I#$
a planning methodology that combines efficiency and quality.  

U..$*+$)"#5#$&774*&2"#5$5-77.#%#')$)"#$2#')4&.$,-&./)0$%&'_
&(#%#')$74*2#55$&'1$2*')4/3-)#$)*$3#))#4$,-&./)0$%&'&(#%#')$30$
74*I/1/'($ '#W$)#2"'/,-#5;$ )**.5;$&'1$%#)"*1*.*(0$+*4$74#I#')/I#$
&2)/*'5;$2*44#2)/I#$&2)/*'5;$/'1/2&)*45$*+$7#4+*4%&'2#;$%#&5-4#5$*+$
quality, identification of root causes, optimization of quality, reduction 
of costs, maximization of efficiency, etc.  They should be understood 
&5$7&4)$*+$)"#$)*)&.$,-&./)0$%&'&(#%#')$74*2#55;$*4$F-&./)0$G&'&(#_
%#')$=05)#%$C?OD;$'*)$&5$&.)#4'&)/I#5$)*$)"&)$74*2#558$$
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!*$5*%#$#:)#');$)"#$1/++#4#')$)**.5$4#.&)#$)*$)"#$.#I#.$*+$/%74*I#_
%#')$)"&)$/5$1#5/4&3.#$&'1$)"#$&%*-')$*+$2"&'(#$)"&)$/5$'##1#1;$&5$
W#..$&5$)"#$4#5*-42#5$'#2#55&40$)*$5-77*4)$)"&)$.#I#.$*+$/%74*I#%#')8$$
<'1/I/1-&.$&'&.05)5$W"*$&4#$4#57*'5/3.#$+*4$1/++#4#')$&'&.0)/2$505)#%5$
2&'$/1#')/+0$74*3.#%5$W/)"$)"*5#$505)#%5$&'1$%&[#$/%74*I#%#')5$
)*$74#I#')$*4$1#)#2)$)"*5#$74*3.#%58$$=#2)/*'$&'1$1#7&4)%#')$)#&%5$
W/..$3#$'#2#55&40$+*4$34*&1#4$74*2#55#5$&'1$%&6*4$/%74*I#%#')5$/'$
&'&.0)/2&.$74*2#55#5$W/)"/'$&$.&3*4&)*40;$+*4$#:&%7.#;$)*$1#I#.*7$
#++#2)/I#$&'&.0)/2&.$ ,-&./)0$505)#%58$$J4*55_+-'2)/*'&.$)#&%5$W/..$
3#$'#2#55&40$)*$&114#55$)"#$74#_&'&.0)/2$&'1$7*5)_&'&.0)/2$7&4)5$*+$
)"#$!*)&.$!#5)/'($Q4*2#55#5$&'1$)*$1#I#.*7$34*&1$,-&./)0$505)#%5$
)"&)$&114#55$)"#$'##15$*+$)"#$7&)/#')$2*'5-%#4$$&'1$7"05/2/&'$-5#48$$$

01%,#%-,(I(,(42#,%C4#67(87(,+#(&#(56*454&,(&'#:/%*(,+#
5%&%'454&,3

!"#$ JK=<$N=?$(-/1#./'#5$4#2*%%#'1$)"#$+*..*W/'($74/*4/)/#5$+*4$
/%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.

:9*+( -,$$,<%06( #2&%4%&%+/( /+&( &*+( -,"01#&%,0( #01( 1%.+2&%,0( -,.(
%73$+7+0&%06( &*+( 8"#$%&'( 7#0#6+7+0&( /'/&+7( #01C( 2#0( 5+(
%73$+7+0&+1(%0(&*+(,.1+.(&*#&(5+/&(/"%&/(&*+(3#.&%2"$#.(.+8"%.+7+0&/(
of the organization or service.

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

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

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

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

! $ Implementation of process controls (QSE: Process Control).”
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G&'&(#%#')$ 2*%%/)%#')$ &'1$ .#&1#45"/7$ &4#$ 24/)/2&.$ )"#$
5)&4)/'($7*/')$+*4$,-&./)0$%&'&(#%#');$&.*'($W/)"$#5)&3./5"/'($&'$
*4(&'/b&)/*'&.$5)4-2)-4#$)"&)$5-77*4)5$)"#$1#I#.*7%#')$&'1$1*2- _
%#')&)/*'$*+$,-&./)0$W*4[$74*2#55#5;$&5$W#..$&5$%#)"*1$I&./1&)/*';$
74*2#55$2*')4*.;$&'1$*22-44#'2#$%*'/)*4/'(8$$<'$)"#$2*')#:)$*+$)"#$
,-&./)0$%&'&(#%#')$74*2#55$/'$9/(-4#$?_?;$)"#$1#I#.*7%#')$&'1$
1*2-%#')&)/*'$*+$W*4[$74*2#55#5$2*44#57*'15$)*$*-4$2*%7*'#')$+*4$
F-&./)0$K&3*4&)*40$Q4*2#55#58$$!"#$%*'/)*4/'($*+$7#4+*4%&'2#$I/&$
74*2#55$2*')4*.$&'1$*22-44#'2#$%*'/)*4/'($2*44#57*'1$)*$*-4$F-&. _
/)0$J*')4*.$&'1$F-&./)0$U55#55%#')$2*%7*'#')58$$!"-5;$*'2#$W*4[$
74*2#55#5$&4#$#5)&3./5"#1;$)"#$'#:)$74/*4/)0$/5$74*2#55$2*')4*.;$W"/2"$
/5$)"#$+*2-5$*+$)"/5$3**[8

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

<)$/5$/%7*4)&')$)*$-'1#45)&'1$)"&)$=)&)/5)/2&.$F-&./)0$J*')4*.$/5$*'#$
7&4)$*+$)"#$*I#4&..$,-&./)0$%&'&(#%#')$74*2#55$*4$505)#%;$3-)$/)$/5$
&'$+//+0&%#$$7&4)$&'1$%-5)$/'I*.I#$&..$)"#$&'&.05)5$/'$)"#$.&3*4&)*408$$
>)"#4$7&4)5$%&0$/'I*.I#$%&/'.0$)"#$.&3*4&)*40$1/4#2)*4;$%&'&(#45;$
&'1$5-7#4I/5*45;$3-)$FJ$/'I*.I#5$#I#40*'#$&'1$#I#40*'#$%-5)$"&I#$
5*%#$#1-2&)/*'$&'1$)4&/'/'($)*$2&440$*-)$)"#/4$4#57*'5/3/./)/#58$$<'$
)"&)$5#'5#;$FJ$/5$&'$#55#')/&.$2*%7#)#'20$+*4$&..$.&3*4&)*40$&'&.05)5$
&'1$&$+-'1&%#')&.$5[/..$)"&)$%-5)$3#$&55-4#1$)"4*-("$74*+#55/*'&.$
#1-2&)/*'$&'1$/'_5#4I/2#$)4&/'/'(8$$<'$)"#5#$2"&7)#45;$W#eI#$1/I/1#1$
)"#$ %&)#4/&.5$ /')*$ +*-4$ &4#&5$ +*4$ 5)-10$ )"&)$ &4#$ &774*74/&)#$ +*4$
*7#4&)*45$&'1$&'&.05)5$W"*$"&I#$1/++#4#')$.#I#.5$*+$4#57*'5/3/./)08$$

Basic Training 101 – Applying SQC8$ $ ]*)$ #I#40*'#$ '##15$ )*$
-'1#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#4&..$FJ$Q.&'$*4$F-&./)0$=05)#%8$$!"#5#$.#55*'5$&55-%#$
)"&)$)"#$)#5)/'($&77./2&)/*'$/5$*I#45##'$30$5*%#*'#$W"*$)&[#5$2&4#$
*+$)"#$)#2"'/2&.$1#)&/.5$*+$#5)&3./5"/'($*4$/%7.#%#')/'($FJ;$W"/2"$
&4#$1#524/3#1$/'$.&)#4$2"&7)#458

U'&.05)5$W*4[/'($/'$&$74*1-2)/*'$.&3*4&)*40$'##1$3#))#4$5[/..5$/'$
/')#474#)/'($FJ$1&)&8$$Y#2/5/*'5$&3*-)$&22#7)/'($*4$4#6#2)/'($)#5)$
4#5-.)5$*'$)"#$3&5/5$*+$FJ$5"*-.1$3#$2.#&4$&'1$.*(/2&.8$$N*W#I#4;$
it is still difficult to know what to do when there is a problem.  QC 
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!4*-3.#5"**)/'($4#,-/4#5$&$1##7#4$-'1#45)&'1/'($&'1$/')#474#)&)/*'$
*+$FJ$1&)&;$FJ$4#2*415;$&'1$ZFU$4#5-.)58

Basic Training 102 – Implementing the Right SQC Right8$ $
U'&.05)5$ W"*$ "&I#$ 4#57*'5/3/./)0$ +*4$ 7&4)/2-.&4$ %#)"*15$ &'1$
505)#%5;$*4$W"*$W*4[$/'1#7#'1#').0$W/)"$./)).#$5-7#4I/5/*';$'##1$
)*$ -'1#45)&'1$ )"#$1#)&/.5$ *+$FJ8$$FJ$&2)-&..0$5##%5$#&50$W"#'$
#I#40)"/'($/5$74*7#4.0$5#)$-7$&'1$%&/')&/'#18$$d-)$)"&)e5$'*)$)"#$
5/)-&)/*'$/'$%&'0$.&3*4&)*4/#58$$j*-$'##1$)*$3#$&3.#$)*$2&.2-.&)#$2*')4*.$
./%/)5$74*7#4.0;$/%7.#%#')$&774*74/&)#$2*')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.

=*%#*'#$a$74*3&3.0$'." $5/'2#$0*-e4#$)"#$*'#$4#&1/'($)"#$3**[$a$
needs to define what QC procedures are to be used for the tests in 
0*-4$.&3*4&)*408$$!"/5$4#57*'5/3/./)0$*+)#'$4#5/1#5$W/)"$)"#$%#1/2&.$
1/4#2)*4$ *+$ )"#$ .&3*4&)*40;$3-)$%&0$3#$1#.#(&)#1$ )*$%&'&(#45$*4$
5-7#4I/5*45$*4$,-&./)0$)#2"'/2&.$57#2/&./5)58$$=*%#*'#$'##15$)*$['*W$
"*W$)*$5#.#2)$)"#$4/(")$2*')4*.$4-.#5$&'1$)"#$4/(")$'-%3#4$*+$2*')4*.$
%#&5-4#%#')58$ $ !"/5$ 74*3.#%$ *+)#'$ &4/5#5$ W"#'$ *.1$ %#)"*15$ *4$
505)#%5$&4#$4#7.&2#1$30$'#W#4$*'#5$)"&)$"&I#$3#))#4$5)&3/./)0$&'1$
7#4+*4%&'2#;$ 3-)$ )"/5$ &2)/I/)0$ 5"*-.1$ &.5*$ 3#$ 7&4)$ *+$ )"#$ &''-&.$
4#I/#W$*+$.&3*4&)*40$74*2#1-4#58$$G&'0$.&3*4&)*4/#5$2*')/'-#$)*$1*$
)"#$E5&%#$*.1$FJH$3#2&-5#$)"#0$1*'e)$['*W$"*W$)*$7.&';$1#5/(';$*4$
5#.#2)$FJ$74*2#1-4#5$)"&)$&22*-')$+*4$)"#$,-&./)0$4#,-/4#1$30$)"#$
)#5)$&'1$)"#$%#)"*1$7#4+*4%&'2#$*35#4I#18

Basic Training 103 – Developing a Quality Control Plan.$$U5$*+$$
X&'-&40$Oh?R;$%#1/2&.$.&3*4&)*4/#5$/'$)"#$T=$"&I#$&$'#W$*7)/*'$+*4$
FJ$30$/%7.#%#')/'($&$4/5[_3&5#1$FJ$Q.&'8$$d#2&-5#$*+$/'24#&5/'($
#%7"&5/5$*'$4/5[$%&'&(#%#')$/'$<=>$5)&'1&415;$.&3*4&)*4/#5$&4*-'1$
)"#$ W*4.1$ "&I#$ 3#2*%#$ /')#4#5)#1$ /'$ 4/5[_3&5#1$ FJ$ 7.&'58$ !"#$
&1I&')&(#$*+$&$FJ$Q.&'$/5$)"&)$/)5$2*I#4&(#$/'2.-1#5$74#_&'&.0)/2$&'1$
7*5)_&'&.0)/2$7"&5#5$*+$)"#$!*)&.$!#5)/'($Q4*2#55$&'1$/)$/%7.#%#')5$
specific analytic controls targeted at identified weaknesses or failure 
%*1#58$!"#$T=$/%7.#%#')&)/*'$(-/1#./'#5$4#2*%%#'1$&$,-&./)&)/I#$
74*2#55$ )*$ /1#')/+0$ "&b&4158$ g/5[$ #I&.-&)/*'$ 5"*-.1$ )"#'$ +*..*W$
)*$&55#55$)"#$/%7*4)&'2#$*+$#&2"$7*)#')/&.$"&b&41$&'1$/)5$4/5[$)*$
7&)/#')58$$9*4%&.$4/5[$#I&.-&)/*'$(#'#4&..0$%&[#5$-5#$*+$&$2*%%*'$
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/'1-5)4/&.$)**.$['*W'$&5$9&/.-4#$G*1#5$&'1$U55#55%#')$U'&.05/5$
(FMEA).  An introduction to a simplified FMEA process is described 
)*$74*I/1#$)"#$3&5/2$+4&%#W*4[$+*4$4/5[$#I&.-&)/*'8$$

Basic Training 104 – Building a Quality Management 
>(1'07 8$ $ =FJ$ /5$ )"#$ +*-'1&)/*'$ +*4$ ,-&./)0$ %&'&(#%#')$ /'$ &$
%#1/2&.$ .&3*4&)*40;$ 3-)$ %&'0$ *)"#4$ ,-&./)0$ %&'&(#%#')$ )**.5;$
)#2"'/,-#5;$&'1$74*(4&%5$&4#$-5#+-.$+*4$#:7&'1/'($,-&./)0$74&2)/2#5$
)*$74*I/1#$&$2*%74#"#'5/I#$ ,-&./)0$%&'&(#%#')$505)#%8$$>)"#4$
74&2)/2#5;$ 5-2"$ &5$ %#)"*1$ #I&.-&)/*';$ &4#$ #55#')/&.$ +*4$ 5#.#2)/'($
&774*74/&)#$ %#&5-4#%#')$ 74*2#1-4#5$ &'1$ &4#$ &$ 74#4#,-/5/)#$ )*$
5#.#2)/'($&774*74/&)#$=FJ$74*2#1-4#58$$Q&4)/2/7&)/*'$/'$74*(4&%5$
for External Quality Assessment or Proficiency Testing are essential 
+*4$%*'/)*4/'($ )"#$4*-)/'#$ ,-&./)0$&2"/#I#1$ /'$&$ .&3*4&)*408$$U..$
)"#5#$)**.5$&'1$74*(4&%5$2&'$3#$/')#(4&)#1$/')*$&$=/:$=/(%&$F-&./)0$
G&'&(#%#')$=05)#%$)*$74*I/1#$&$74&2)/2&.$5)4-2)-4#$+*4$%&'&(/'($
,-&./)0$/'$&$%#1/2&.$.&3*4&)*408
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2. Understanding Statistical Quality 
Control (SQC)

!"#$%&'(&)$%*+",-.&/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.
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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 what is 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 
± 1 SD, ± 2 SD, 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, so it 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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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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• Determine the expected distribution of /,01-,23
4526.7
•Calculate 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
• Identify unexpected values
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Shewhart made this statement in the preface to his book on 
the !"#$#%&"'(#$)*#+'#,'-./+&)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 (Ped) and 
false rejection (Pfr), 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 is in-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.
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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 AL, 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:

13s refers to a control rule 
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 
measurement exceeds the 
mean +3s or the mean –3s 
control limit.

12s  refers to the control rule 
that is 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 
of the control data by other 
rejection rules.

 [See later for more details when (and when not) to use a warning 
rule of this type.]

!" #

!$#
!%#

& ' ( )
* %#
* $#

* " #

% $ +," - . / 0 %1

%" # 234'
5674( 867)

! " #

! $#
! %#

&" #

&$#
&%#

' ( ) *

% $ +," - . / 0 %1

%$# 234(
5674) 867*



Westgard QC, Inc. Copyright © 2016

Page 21

22s  refers to the control rule 
that is used with a Levey-
Jennings chart when the 
control limits are set as 
the mean ± 2s. In this case, 
however, the run is rejected 
when 2 consecutive control 
measurements exceed the 
6/%2 mean +2s or the 6/%2 
mean –2s.

R4s  refers to a control rule 
where a reject occurs when 
1 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 
could be 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 
as changing 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.
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Now, here are the official ISO and CLSI definitions:

• Analytical run ;'/$'&$)2*</+'=&>2>?'/'72*&#3'#,')&%2'#*'62*&26'
#,'%2/6.*2%2$)6@'8&):&$'8:&":'):2'/"".*/"0'/$3'7*2"&6&#$'#,'
):2'%2/6.*&$9'606)2%'&6'2A72")23')#'B2'6)/B+2C'B2)822$'8:&":'
2<2$)6'%/0'#"".*'"/.6&$9'):2'%2/6.*2%2$)'7*#"266')#'B2'%#*2'
6.6"27)&B+2'=&>2>?'9*2/)2*'*&6D@')#'2**#*6'):/)' /*2'&%7#*)/$)')#'
32)2")'=(E5F'(GHIJK'62")&#$'L>M@

• Quality control ;' 7/*)' #,'N./+&)0'%/$/92%2$)' ,#".623' #$'
fulfilling quality requirements (ISO 9000)

• Quality control plan ;'/'3#".%2$)'):/)'326"*&B26'):2'7*/")&"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$323'7.*7#62'/*2'%2)'=(E5F'!4GKJ'
OPQ@

•' Quality control rule';'32"&6&#$'"*&)2*&#$'.623')#'32)2*%&$2'
&,' /'9&<2$'N./+&)0' "#$)*#+'#B62*</)&#$'6:#.+3'B2' /""27)23'#*'
*2R2")23'=(E5F'(GHIJK@

•' Quality control strategy';'):2'$.%B2*'#,'"#$)*#+'%/)2*&/+6?'
):2'$.%B2*'#,'%2/6.*2%2$)6')#'B2'%/32'#$'):262'%/)2*&/+6?'
):2'+#"/)&#$'#,' ):#62'"#$)*#+'%/)2*&/+6'&$' /$' /$/+0)&"/+'*.$?'
/$3'):2'6)/)&6)&"/+'"#$)*#+'*.+26'/77+&23'=(E5F'(GHIJK@

•' 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$' ):2'
%2/6.*2%2$)'%2):#3'&6'8#*D&$9'7*#72*+0'=(E5F'(GHIJK@

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?
The idea is simple – characterize the variation that is expected when 
analyzing a stable control material, then check to see if today’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
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Westgard Sigma Rules
!"#$#%&'(#$%)*%+"',-%"./#%-##0%*)&,.(12#3%10%.%0#4%+))(%5.((#3%
67#$+8.&3%918,.%:'(#$;<%4"15"%4.$%10+&)3'5#3%10%)'&%-))=%!"#$%&
'(")$*+&,"-"./0/-*&1+#*/0#& >8@. Figure 11-� shows the Westgard 
918,.%:'(#$%*)&%>%(#/#($%)*%5)0+&)(%,.+#&1.($?%%%

On first glance, this figure looks just like the usual “Westgard 
:'(#$?<%@'+%+"#&#%1$%0)%>%9A%4.&0108%&'(#%"#&#?%%!".+%1$%.0%1,B)&+.0+%
31$+105+1)0;%-'+%+"#%,)$+%1,B)&+.0+%5".08#%1$%.+%+"#%-)++),%)*%+"#%
31.8&.,%4"#&#%+"#&#%1$%.%918,.C$5.(#?%%!".+%$5.(#%B&)/13#$%8'13C
.05#%*)&%4"15"%&'(#$%$")'(3%-#%.BB(1#3%-.$#3%)0%+"#%$18,.%D'.(1+E%
3#+#&,10#3%10%E)'&%(.-)&.+)&E?%%%%

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.  

.   
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!"#$%&'&()*+*+,$'-&$.*,-'$ /(&01&+23$45$
64+'(478

!"#$%&'(&)$%*+",-.&/01

!"#$%"&'("#'&)$(*+$,&,-.('/,-$(+0('&)$1#"/+002$(*+$30+$"4$567$,&8$
-'93'8$ /"&(#"-0$1#":'8+$ ,&$+44+/(':+$(+/*&'93+$(*,($ /,&$ ;+$<'8+-.$
,11-'+8$'&$%+8'/,-$-,;"#,("#'+0=$$>'93'8$/"&(#"-0$/,&$,-0"$;+$30+8$("$
?!"#$%&'()"'*((*$+,"+('-%'()"'$+("+.".'/0*1$(&'-%'("2('#"201(2 2@$<*'/*$
'0$"&+$"4$(*+$(+/*&'/,-$#+93'#+%+&(0$"4$A5B$CDCEF=$$G"<+:+#2$(*+#+$
'0$0('--$,&$'003+$"4$)-3'-%("+' /"&(#"-0$&++8$("$;+$,&,-.H+82$'=+=2$(*+$
4#+93+&/.$"4$567=$$I*+#+$,#+$%,&.$4,/("#0$(*,($&++8$("$;+$/"&0'8+#+8$
<*+&$8+(+#%'&'&)$#3&$-+&)(*$ ,&8$*"<$"4(+&$/"&(#"-0$&++8$("$ ;+$
,&,-.H+8=$

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

At first, it seems like it should be simple to define how often controls 
0*"3-8$;+$#3&2$;3($'($)+(0$/"%1-'/,(+8$;+/,30+$"4$(*+$,//#+8'(,('"&$
)3'8+-'&+02$ #+)3-,("#.$ #+93'#+%+&(02$ ,&8$ (*+$ 8'44+#+&($ (.1+0$ "4$
,&,-.('/$0.0(+%0$,&8$8'44+#+&($%"8+0$"4$"1+#,('"&=

!"#$ %&%'($ )*+,-.+/-01   There is no specific guidance for the 
4#+93+&/.$"4$5672$;3($'&0(+,8$,$)+&+#,-$#+93'#+%+&($("$8+0')&$567$
1#"/+83#+0$(*,($,#+$,11#"1#',(+$4"#$(*+$(+0(2$%+(*"8$"#$+J,%'&,('"&$
1#"/+83#+$;+'&)$30+82$,&8$(*+$'&(+&8+8$30+$"4$(*,($(+0($KCL=$$

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

45657' ' 8)"' 1*9-#*(-#&' 2)*11' ."2$:+' $+("#+*1' /0*1$(&' ;-+(#-1'
2&2(",2'()*('!"#$%&'()"'*((*$+,"+('-%'()"'$+("+.".'/0*1$(&'-%'
#"201(25''<('$2'$,=-#(*+('()*('()"';-+(#-1'2&2(",'=#-!$."'2(*%%'
,",9"#2'3$()';1"*#'*+.'"*2$1&'0+."#2(--.'$+%-#,*($-+'-+'3)$;)'
(-' 9*2"' (";)+$;*1' *+.' ,".$;*1' .";$2$-+25' ' >=";$*1' *(("+($-+'
2)-01.'9"'=*$.'(-'()"'"1$,$+*($-+'-%',$2(*?"2'$+'()"'=#-;"22'-%'
)*+.1$+:'2*,=1"2@'#"/0"2(2@'"A*,$+*($-+2@'#"=-#(2@'"(;5

A5B$ (.1'/,--.$ 1#":'8+0$ ?*')*M-+:+-$ )3'8,&/+2@$ %+,&'&)$ (*,($
'($8+0/#';+0$3)*( $0*"3-8$;+$,//"%1-'0*+82$<'(*"3($,&.$8+(,'-0$"&$
)-3' ("$,//"%1-'0*$'(=$$N"#+$8+(,'-+8$)3'8+-'&+0$,#+$"4(+&$4"3&8$'&$
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2)&3.11
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Having described SQC in detail in the previous chapters, now we 
want to discuss the sources of error that can be monitored by SQC 
and the need for other QC mechanisms to monitor the Total Testing 
Process. The combination of QC mechanisms should make up a QC 
Plan, which is the focus of the next set of chapters  

SQC is a powerful control technique because it uses a liquid 
sample that is subjected to many of the same steps of the testing 
process as a real patient sample.  By going through the analytical 
testing process, the liquid control is able to check many variables, 
factors and components in an analytic system.  SQC provides a 
single control technique that can be used on multiple analytic tests 
and systems.  Nonetheless, many people find SQC difficult to imple-
ment, especially in small laboratories and in Point-of-Care (POC) 
applications, because of the cost, training, and data calculations 
that are needed.  

US CLIA regulations administered by CMS (Centers for Medi-
care and Medicaid Services) have specified that the minimum SQC 
should be 2 levels of controls analyzed daily [1]. However, many 
Point-of-Care devices have relied on other types of “built-in” control 
mechanisms that manufacturers provide to monitor the performance 
of their analytic devices. In the 1990s, CMS allowed the use of daily 
electronic controls for POC applications. With the final CLIA rule in 
2003, CMS more formally defined an option called “Equivalent QC” 
that required laboratories employing electronic QC to analyze liquid 
controls at least weekly or monthly, depending on the documented 
stability of the particular analytic device. The details of “EQC” were 
provided in the State Operations Manual (SOM) which supplements 
the actual CLIA regulation [2]. 

 Manufacturers today provide more extensive built-in controls 
that may include integrated quality control samples that are auto-
matically sampled and processed internally by the analytic device, 
calibration checks, measuring system function checks, and electronic 
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!"#$%&'($)#*+,-./012$30)$4%$-)#$5-2#6$01$.#2.$7089,#:/.;<$="/7"$
describes the difficulty of performing the test methodology.  For 
9+)902#2$03$4%<$."#)#$-)#$.")##$7-.#*0)/#2$03$.#2.$7089,#:/.;>$=-/?#6<$
101@=-/?#6<$ -16$A)0?/6#)@A#)30)8#6$ B/7)02709;$ CAAB<$ ="/7"$ /2$
reserved for a selected group of practitioners).  For waived tests, 
."#$,-50)-.0);$/2$2+9902#6$.0$30,,0=$."#$8-1+3-7.+)#)D2$6/)#7./012<$
including any recommendations for QC.  For non-waived tests, 
."#$,-50)-.0);$8+2.$7089,;$=/."$."#$%&'($)#E+/)#8#1.2$30+16$/1$
2+59-).$F$C4+-,/.;$G;2.#82$30)$H01=-/?#6$!#2./1*I$JKL<$="/7"$-)#$
shown at the end of this chapter.  

A)/0)$.0$M-1+-);$K<$NOKP<$."#$%&'($)#*+,-./012$9)0?/6#6$Q$09@
./012$30)$7089,/-17#<$="/7"$=#$7-,,$R#3-+,.$4%<$S/*".$G4%<$-16$T4%>

U$ !"#$%&'()* . Analyze a minimum testing of 2 levels of controls 
each day of patient testing, as specified in �493.125�(d)(3i).  

U$ +,-.'()* . Establish QC procedures to monitor the accuracy 
-16$9)#7/2/01$03$."#$7089,#.#$-1-,;./7$9)07#22<$#2.-5,/2"$."#$
1+85#)<$.;9#<$-16$3)#E+#17;$03$.#2./1*$701.)0,$8-.#)/-,2$5-2#6$
on the performance  (precision, bias) verified by the laboratory, 
6#.#7.$/88#6/-.#$#))0)2$."-.$077+)$6+#$.0$.#2.$2;2.#8$3-/,+)#<$
-6?#)2#$#1?/)018#1.-,$7016/./012<$-16$09#)-.0)$9#)30)8-17#<$
-16$ 801/.0)$ 0?#)$ ./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 �493.125�(a-c).

U$ /)* .  Implement a procedure for “equivalent quality testing” as 
stated in �493.125�(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$56-7)8/+&,9$:&;$478)+/*$%&,/;&)$<=>$

§493.1256 Standard: Control procedures.
!"#$%&'$(")*$+(,+$,-,+(./$+*($0"1&'"+&'-$2,$'(,3&4,210($5&'$*"6247$)&4+'&0$

3'&)(89'(,$+*"+$.&42+&'$+*($"))9'")-$"48$3'()2,2&4$&5$+*($)&.30(+($
"4"0-+2)$3'&)(,,:

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

!)#$ ;*($)&4+'&0$3'&)(89'($.9,+$!A#$8(+()+$2..(82"+($(''&',$+*"+$&))9'$
89($+&$+(,+$,-,+(.$5"209'(/$"86(',($(462'&4.(4+"0$)&482+2&4,/$"48$
&3('"+&'$ 3('5&'."4)(:$ !B#$ D&42+&'$ &6('$ +2.($ +*($ "))9'")-$ "48$
precision of test performance that may be inÁuenced by changes 
24$ +(,+$ ,-,+(.$ 3('5&'."4)($ "48$ (462'&4.(4+"0$ )&482+2&4,/$ "48$
6"'2"4)($24$&3('"+&'$3('5&'."4)(:

(d) 8nless CMS approves a procedure, specified in Appendix C of the 
E+"+($F3('"+2&4,$D"49"0$!GDE$H91:$I#/$+*"+$3'&628(,$(<926"0(4+$
<9"02+-$+(,+247/$+*($0"1&'"+&'-$.9,+

(�) 3erform control procedures as defined in this section unless 
otherwise specified in the additional specialty and subspecialty 
'(<92'(.(4+,$"+$=>?@:ABJA$+*'&97*$>?@:ABIK:$

!B#$%&'$(")*$+(,+$,-,+(./$3('5&'.$)&4+'&0$3'&)(89'(,$9,247$+*($49.1('$
and frequency specified by the manufacturer or established by 
+*($0"1&'"+&'-$L*(4$+*(-$.((+$&'$(M)((8$+*($'(<92'(.(4+,$24$
3"'"7'"3*$!8#!@#$&5$+*2,$,()+2&4:$

!@#$N+$0(",+$&4)($(")*$8"-$3"+2(4+$,3()2.(4,$"'($",,"-(8$&'$(M".24(8$
3('5&'.$+*($5&00&L247$5&'O

!2#$P")*$<9"4+2+"+26($3'&)(89'(/$24)098($+L&$)&4+'&0$."+('2"0,$
&5$8255('(4+$)&4)(4+'"+2&4,Q
!22#$P")*$<9"02+"+26($3'&)(89'(/$24)098($"$4(7"+26($"48$3&,2+26($
)&4+'&0$."+('2"0Q
!222#$ ;(,+$ 3'&)(89'(,$ 3'&89)247$ 7'"8(8$ &'$ +2+('(8$ '(,90+,/$
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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.  In fact, we recommend the general 
application of Total QC Plans whenever Statistical QC procedures 
can be implemented for daily control.  

We use the term “Total QC Plan” for our approach to identifying 
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@:

!"#$ %&"$ "'()%(*+$ ,-./$ #"+012%(3*)4$ %&"$ 1253#2%3#6$ 7(#"8%3#$ ()$
#")93*)(51"$:3#$7"8(7(*+$;&"%&"#$%&"$1253#2%3#6$;(11$0%(1(<"$.=,!$
:3#$)3>"$3#$211$3:$(%)$%")%)$2*7$:3#$"*)0#(*+$%&2%$%&"$=,!$&"?
)&"$7"@"139)$"::"8%(@"16$>""%)$%&"$.=,!$#"A0(#">"*%)B$$.%$()$21)3$
(*80>5"*%$093*$%&"$1253#2%3#6$7(#"8%3#$%3$83*)(7"#$%&"$1253#2%3#6C)$
81(*(821$ 2*7$ 1"+21$ #")93*)(5(1(%(")$ :3#$ 9#3@(7(*+$ 2880#2%"$ 2*7$
#"1(251"$ %")%(*+$ ;&"*$ 299#3@(*+$ 2*7$ )(+*(*+$ 3::$ 3*$ %&"$ =,!B$ $
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!"#$%&#'(#)*+#,-."*./-0#-123#014#*"#+-(+')5#6'+3#1+#7-1(+#8#7-9-7(#*"#
2*)+.*7#/1+-.'17(:#+3-#71;*.1+*.4#/<(+#0-9-7*,#1# .'(=>;1(-0#%&#?71)#
+*#2*/,74#6'+3#+3-#&@$#*,+'*)#"*.#!)0'9'0<17'A-0#%<17'+4#&*)+.*7#
?71)#B!%&?CD##&@$#.-E<'.-(#)*#"*./17#/-+3*0*7*54:#)*.#<(-#*"#1)4#*"#
+3-#2*//*)#')0<(+.'17#+**7(#(<23#1(# F1'7<.-#@*0-#G""-2+(#H)174('(:#
*+3-.6'(-#=)*6)#1(#F@GHD##!)#"12+:#+3-#&@$I&J&#5<'01)2-#+31+#
61(#'((<-0#')#8KLM#NLO#0*-(#)*+#12+<1774#.-E<'.-#.'(=#1((-((/-)+:#
only hazard identification.   You can download the CMS/CDC “$+-,>
;4>$+-,#P<'0-#"*.#J-9-7*,')5#1)#!%&?Q#1)0#*)74#)--0#+*#"*77*6#+3-#
R#&@$I&J&#6*.=(3--+(#+31+#6-.-#0-(2.';-0#')#231,+-.#LMD####

S-9-.+3-7-((:# ')#+3'(#231,+-.:#6-#1.-#5*')5#+*#0-(2.';-#3*6#
.'(=#1((-((/-)+# !"#$%&'()'&#*)' +*#'/,.*9-#+3-#.-7'1;'7'+4#*"#!%&?(D#

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

The purpose is to identify specific susceptibilities, or "1'7<.-#/*0-(:#
+31+#/14#21<(-#-..*.(#')#+-(+#.-(<7+(D###@1)<"12+<.-.(#1++-/,+#+*#
'0-)+'"4#+3*(-#"1'7<.-#/*0-(#')#+3-#0-9-7*,/-)+#*"#+3-'.#+-(+#(4(+-/(:#
-7'/')1+-# +3-/# +3.*<53# 0-('5)# '/,.*9-/-)+(# 1)0# (23-0<7-0#
,.-9-)+'9-# /1')+-)1)2-:# 1)0# ')+-5.1+-# ,.*2-0<.17# 2*)+.*7(# *.#
"<)2+'*)17# 23-2=(# +*# 0-+-2+# "1'7<.-(# 1)0# 17-.+# +3-# *,-.1+*.(# +*#
,.*;7-/(D##$<23#/1)<"12+<.-.#2*)+.*7(#(3*<70#17614(#;-#')27<0-0#')#
1)4#%&#?71):#;<+#100'+'*)17#2*)+.*7(#/14#(+'77#;-#)--0-0#;-21<(-#*"#
+3-#*,-.1+')5#2*)0'+'*)(#"*.#1#+-(+#(4(+-/#')# +#$,#71;*.1+*.4D###T3-#
)--0#"*.#+3-(-#*+3-.#2*)+.*7(#'(#+3-#"*2<(#*"#.'(=>;1(-0#%&#?71)(#1)0#
+3-#1,,7'21+'*)#*"#U'(=#@1)15-/-)+#2*)2-,+(#1)0#,.')2',7-(#+*#+3-#
T*+17#T-(+')5#?.*2-((#')#+3-#/-0'217#71;*.1+*.4D#

U'(=#@1)15-/-)+#'(#6'0-74#<(-0#')#')0<(+.4:#')27<0')5#+3-#
/1)<"12+<.-.(#*"#0'15)*(+'2#+-(+#(4(+-/(#+31+#1.-#')+-)0-0#"*.#<(-#')#
/-0'217#71;*.1+*.'-(D##T3-#"<)01/-)+17#5<'01)2-#"*.#/1)<"12+<.-.(#
*"#/-0'217#0-9'2-(#'(#"*<)0#')# !$V#LWXYL#N8O#1)0#(<,,7-/-)+-0#;4#
&Z$!#G?L[H8#NRO:#+3-#71++-.#;-')5#1'/-0#1+#;*+3#0-9'2-#/1)<"12>
+<.-.(#1)0#/-0'217#71;*.1+*.'-(#1)0#'(#/*.-#.-10'74#191'71;7-#1)0#
.-101;7-#;4#71;*.1+*.4#1)174(+(D##T3-#3-1.+#*"#U'(=#@1)15-/-)+#
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!"#$%&&'

!"#$%&'&()'&*($+&,-
!"#$%&'(&)$%*+",-.&/01

!"#$ %&#'()*+$ ,"-%.#&$ %&)'(/#/$ 0*(/-1,#$ 2)&$ %#&2)&3(10$ -$4(+5$
6++#++3#1.7$&#,)33#1/(10$-$8$2-,.)&$3)/#9$."-.$(1,9*/#+$ +#'#&(.:7$
),,*&&#1,#7$-1/$ /#.#,.()1;$-$&-15(10$+,-9#$)2$<7$=7$-1/$>$2)&$#-,"$
&(+5$2-,.)&;$-$&(+5$,-9,*9-.()1$?-+#/$)1$."#$#@*-.()1$ABCDEFFDG>H
IB!J;$-1/$-$%&()&(.(K-.()1$)2$,-9,*9-.#/$&(+5+$)2$>$-1/$0&#-.#&$G*%$
.)$LJ$2)&$2*&."#&$-,.()1+M$$!")+#$.-&0#.#/$2-(9*&#$3)/#+$3*+.$."#1$
?#$-//&#++#/$.)$3(.(0-.#$."#(&$&(+5+M$$

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

N(.(0-.()1$ (+$ ."#$ .#&3$ ."-.$ (+$ *+#/$ .)$ /#+,&(?#$ -1$ -,.()1$ .)$
#9(3(1-.#7$9)O#&7$)&$%&#'#1.$&(+5M$$!"#$+.&-.#0(#+$2)&$&#/*,(10$&(+5$
/#%#1/$ )1$ ."#$%-&.(,*9-&$&(+5$2-,.)&$ ."-.$ (+$?#(10$ .-&0#.#/M$$P)&$
#Q-3%9#7$3-1*2-,.*&#&+$/#+(01$."#(&$.#+.$+:+.#3+$.)$#1+*&#$+-2#.:$
,"-&-,.#&(+.(,+$ G#M0M7$ %&#,(+()17$ ?(-+7$ &#%)&.-?9#$ &-10#7$ #.,MJ$ -&#$
-%%&)%&(-.#$2)&$."#$(1.#1/#/$,9(1(,-9$*+#7$%9*+$%&)'(/#$(12)&3-.()1$
2)&$ +-2#$ *+#$ )2$ .#+.$ &#+*9.+$ G+%#,(3#1$ .:%#+7$ &#2#&#1,#$ &-10#+7$
%)++(?9#$ (1.#&2#&#1,#+7$ +-3%9#$ &#@*(&#3#1.+7$ 51)O1$ 9(3(.-.()1+7$
#.,MJM$$N-1*2-,.*&#&+$&#/*,#$),,*&&#1,#$?:$3-5(10$(3%&)'#3#1.+$
."-.$#9(3(1-.#$2-(9*&#$3)/#+$/*&(10$."#$/#+(01$-1/$%&)/*,.()1$)2$
1#O$.#+.$+:+.#3+$-1/$?:$&#,)33#1/(10$%&#'#1.('#$-1/$,)&&#,.('#$
-,.()1+$(1$."#(&$(1+.&*,.()1+$2)&$*+#M$$R1$+(.*-.()1+$O"#&#$),,*&&#1,#$
)2$2-(9*&#+$,-11).$?#$#1.(&#9:$#9(3(1-.#/$)&$%&#'#1.#/7$3-1*2-,.*&#&+$
-//$,)1.&)9+$.)$/#.#,.$-1/$-9#&.$."#$)%#&-.)&+$)2$%).#1.(-99:$"-&32*9$
,)1/(.()1+M$$

S-?)&-.)&(#+$"-'#$2#O#&$)%.()1+$2)&$3(.(0-.(10$&(+5+M$$P(0*&#$
=TH=$)*.9(1#+$."#$9-?)&-.)&:$+.&-.#0(#+U$$

V$ P(&+.7$2)&$!""#$$%&"% , the laboratory must confirm that safety 
,"-&-,.#&(+.(,+$ -&#$ -%%&)%&(-.#$ ?:$ %#&2)&3(10$ '-9(/-.()1$
studies.   To accomplish this, the laboratory should define 
."#$@*-9(.:$&#@*(&#/$2)&$."#$(1.#1/#/$ ,9(1(,-9$*+#7$#'-9*-.#$
(3%&#,(+()1$-1/$?(-+7$-1/$,-9,*9-.#$-$A(03-H3#.&(,$.)$-++#++$
@*-9(.:$)1$."#$A(03-$+,-9#M$$W).#$."-.$-$9-?)&-.)&:$ ,-11).$
3)/(2:$-$3-1*2-,.*&#&X+$3#.")/$)&$(1+.&*,.()1+$2)&$*+#$*19#++$



Westgard QC, Inc., Copyright © 2016

!"#$%&''

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

!"#$%&'(&)$%*+",-.&/01

!"#$%&#'(()*'+%#,*)#-&.&/*(0"1#23#4/'"5#-05+655&-#0"#$%&5&#/&55*"57#
$%&#/'8*)'$*)9#5%*6/-#()&,&)'8/9#0:(/&:&"$#;23#<%&"&.&)#(*5508/&#
0"#*)-&)#$*#+*:(/9#<0$%#$%&#3=!>#23#*($0*"#*,#'"'/9?0"1#$<*#/&.&/5#
*,#+*"$)*/5#(&)#-'9@##!,#$%&#/'8*)'$*)9#0:(/&:&"$5#'#;$'$05$0+'/#23#
procedure that satisfies this “default” option, a formal risk assessment 
05#"*$#)&A60)&-#'"-#'#B*$'/#23#4/'"#+'"#:*)&#&'50/9#8&#-&.&/*(&-#$*#
:*"0$*)#$%&#B*$'/#B&5$0"1#4)*+&55@##!,#;23#+'""*$#8&#0:(/&:&"$&-#
,*)# -'0/9# *(&)'$0*"7# $%&"# $%&# )&A60)&:&"$5# ,*)# '"#!"-0.0-6'/0?&-#
QC Plan must be satisfied – risk assessment, QC Plan, and quality 
'556)'"+&#(/'"@###

C%0/&#$%&)&#')&#:'"9#+*"$)*/#:&+%'"05:5#)&+*::&"-&-#0"#
$%&#CLSI EP23A “QC Toolbox” >1@, only a few of those controls (other 
$%'"#$%&#:'"6,'+$6)&)D5#860/$E0"#+*"$)*/5F#')&#()'+$0+'/#0"#4G3#5&$E
$0"15#<%&)&#IQCPs 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.

B%&#)&E$&5$0"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 
+*:(*"&"$5#'"-#,6"+$0*"57#'"-#&".0)*":&"$'/#+*"-0$0*"5@###B%&#,'+$#
$%'$#)&'/#('$0&"$#5':(/&5#')&#$&5$&-#:&'"5#$%&)&#05#"*#0556&#<0$%#$%&#
+*::6$'80/0$9#*,#5':(/&57#0"#+*"$)'5$#$*#+*"+&)"5#'8*6$#$%&#8&%'.0*)#
*,#$%&#5$'80/0?&-#+*"$)*/#5':(/&5#$%'$#')&#65&-#,*)#;$'$05$0+'/#23#'"-#
Proficiency Testing.   On the other hand, there will be an issue with 
$%&#5$'80/0$9#*,#,)&5%#5':(/&5@##H&(&'$#$&5$0"1#:65$#8&#(&),*):&-#
within the time period of known sample stability.  Manufacturers 
$9(0+'//9# 5(&+0,9# $%'$# $0:&# (&)0*-# 0"# $%&0)# -0)&+$0*"5# ,*)# 65&# '"-#
laboratories can experimentally verify stability by retesting samples 
)&(&'$&-/9#*.&)#'#(&)0*-#*,#%*6)5#*)#&.&"#-'95@###

!"#()0"+0(/&7#$%&#H4B#+*"$)*/#%'5#:'"9#*,#$%&#+'('80/0$0&5#*,#
;23#()*+&-6)&5#<0$%*6$#)&A60)0"1#5&(')'$&#+*"$)*/#:'$&)0'/5@##!$#
'/5*#%'5#(*$&"$0'/#/0:0$'$0*"5#-6&#$*#$%&#0"5$'80/0$9#*,#5':(/&5#$%'$#
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!"#$%&'(

!"#$%&'&()*+,-$.$/0$12)-2.3$4)$
3),+4)2$45&$/6$1(.,

!"#$%&'(&)$%*+",-.&/01

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

!"#$ %&'$ &(()*+,-$ &$ ()*.,-/),$ 0%1.%$ (,)213'$ 4&5*)&3*)1,'$
3*$ -,+,4*($ &6-$ ./'3*217,$ 8/&4139$ .*63)*4$ ()*.,-/),'$ 16$ 3%,1)$
%,&43%.&),$ ',3316:;$ $ <%1'$ ()*.,-/),$ 1'$ 3,)2,-$ =6-1+1-/&417,-$
>/&4139$!*63)*4$?4&6$@=>!?A;$$B6$=>!?$1'$.*2()1',-$*C$3%),,$
(&)3'D$&$)1'E$&'',''2,63$@FBAD$&$>/&4139$!*63)*4$?4&6$@>!?AD$&6-$
a Quality Assessment (QA) plan.  7he 5A is the identification and 

7)4.($/6$1(.,
8+-549:+;&<$:/6$

12&9 =$*)>49.,.(?4+@$@),42)(>

A,<+'+<B.(+;&<$/6$1(.,
C!D$8+>E$0>>&>>3&,4

CFD$/6$1(.,
CGD$/0$1(.,

H),+4)2$1&2I)23.,@&J$/B.(+4?J$
.,<$:.I&4?

A3*2)'&$/B.(+4?$=$:.I&4?$

0B<+4$/6$12.@4+@&>

K.(+<.4&$:.I&4?$
65.2.@4&2+>4+@>

%&4&23+,&$:+-3.$/B.(+4?

0,.(?;&
F$(&'&(>$)I$

@),42)(>L<.?M

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

!"#$%&'()&*('+$,-./()0$1()2$ 3,4$.'5$ 67
!"#$%&'(")*+&,-&".%&/"012&34&512*6"7%+&'8!

!"#$%&'()''&*+$*,$ -)./&01$ (*+02*/$&+$#.2/&#2$ (".30#2'$ ".'$ ,*()'#%$
*+$%.0.$.+%$2#')/0'$,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&'#$ %)2&+5$ 0"#$ 2*)0&+#$ *3#2.0&*+$ *,$ /.6*2.0*21$ 4#0"*%'7$ !"*'#$
32*6/#4'$.2#$(.)'#%$61$0"#$&+'0.6&/&01$*,$0"#$4#0"*%>$&7#7>$(".+5#'$
&+$3#2,*24.+(#$(*43.2#%$0*$?".0$?.'$*6'#2@#%$#.2/&#27$A+$#''#+(#>$
&+0#2+./$:;$(*43.2#'$/.6*2.0*21$3#2,*24.+(#$0*$&0'#/,$*@#2$0&4#>$
.'')4&+5$0".0$0"#$3#2,*24.+(#$*6'#2@#%$#.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<

!"#$ ;C8A$;DE=FG$%*()4#+0$*+$32&+(&3/#'$*,$8:;$HIJ$2#(*4=
4#+%'$0".0$/.6*2.0*2&#'$3.20&(&3.0#$&+$K:F$32*52.4'L

!"#$%&'()*+,-)+'-).$/0$1)-2)+345 !"#$%!&'()*'+)*,$-!-#'*$!'!
.)//)%!0))&!1&)+!%2/($*3!)4!.)%+*)&!/'+$*,'&-!'%5!*$0)*+!+#$!
*$-2&+-!+)!'%!,%+$*&'()*'+)*6!0*)7*'/8!'!5'+'('-$!,-!.*$'+$5!+#'+!
6,$&5-!-+'+,-+,.'&!,%4)*/'+,)%8!9#,.#!/'6!($!2-$5!+)!5$-.*,($!
or define: (�) intralaboratory and interlaboratory imprecison; 
(�) individual laboratory bias relative to a peer group; and 
1:3! *$&'+,)%-#,0! )4! '%'&6+,.'&! '%5! -+'+,-+,.'&! 0'*'/$+$*-! )4!
,/0*$.,-,)%! '%5! *$&'+,;$! (,'-! +)! /$5,.'&! *$<2,*$/$%+-=! >)*!
&'()*'+)*6! -$&4?$;'&2'+,)%8! 0$$*?*$&'+$5! (,'-! '%5! *$&'+,;$!
,/0*$.,-,)%! '*$! 2-$42&! 0'*'/$+$*-=! @'*+,.,0'+,)%! ,%! '%!
,%+$*&'()*'+)*6!0*)7*'/!0*);,5$-! '%!$44$.+,;$!/$.#'%,-/!+)!
complement external quality assessment (proficiency survey) 
0*)7*'/-A

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

A+$.+$#B0#2+./$-)./&01$.''#''4#+0$32*52.4>$.$52*)3$*,$/.6*2.0*2&#'$
.+./1M#$0"#$'.4#$'3#(&4#+'$N)').//1$0"#$'.4#$(*+02*/$4.0#2&./'>$
#B.(0$ '.4#$ /*0$ +)46#2'O$ .+%$ ')64&0$ 0"#&2$ 2#')/0'$ 0*$ .$ (#+02./$
,.(&/&01$?"#2#$0"#$%.0.$.2#$#B.4&+#%$,*2$*)0/&#2'>$.+%$4#.+'$.+%$
8P'$.2#$(./()/.0#%$0*$(".2.(0#2&M#$0"#$3#2,*24.+(#$*,$0"#$52*)3$*,$
/.6*2.0*2&#'>$.+%$2#3*20'$.2#$5#+#2.0#%$0*$(*43.2#$0"#$3#2,*24.+(#$
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!"#$%&'()&)*+,*-$.$/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#&42'A((!"#$%&'()#*#+,),*&(%*C4$C,.(
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.  In turn, quality assurance depends on many other 
capabilities, as identified by the !"#$%&'(D'.&,)(E..,*&%#$.(<!DE.=(
%*(&-,(9FDG(Quality Management System (QMS) model >2,3@.  The 
!HD()40,$(324C%0,.(&-,(I/%+(3%1&"2,J(&-#&(0,.12%/,.(#$$(&-,(#1&%C%&%,.(
that are necessary in a medical laboratory to guarantee the quality 
45($#/42#&42'(&,.&.(#*0(.,2C%1,.A((

Like the CLSI QMS model, there are other guidelines from 
GDB(?K?LM(>N@(#*0(&-,(OD(9FG;(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 recommenda7
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
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!"#$%&'(

!!"#$%&%'(&'#)*+,#%&-#)./0,%&%120(3%1#
45%1(02

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

!"#$$%&'#()*)+,&#-+&#**&#*).+/&&01+-%&234#$$%&'#()*%&),&
234#$$%&)3&)5,&673&7#%/8&&
9+6&:6*,56%;&!""#$%#&'"("#

<-+#5&=2,,)#3&361+*,&4#1+&54+)-&2,+,/&>3&*#?6-#56-)+,;&#3#*%5)@#*&
+--6-,& #-+& (6,5*%& #**& #*).+A& +1+-%& (+546B& 4#,& ,6(+& #(6235& 6'&
#3#*%5)@#*&+--6-;&)3&54+&'6-(&6'&,%,5+(#5)@&#3B&-#3B6(&+--6-/&C,&
365+B& )3& $-+1)62,& @4#$5+-,;& 54+-+& #-+& -+*)#?*+& 7#%,& 56& (63)56-;&
@635-6*;&#3B&)($-61+&54+&#3#*%5)@#*&$-6@+,,/&DE+*)+1+&)5&6-&365;&54),&
),&54+&"#$$%&$#-5F

E25&74+3&7+&B),@2,,&$-+G#3#*%5)@#*&#3B&$6,5G#3#*%5)@#*&+--6-;&
+#@4&*#?6-#56-%&4#,&$-+G#3#*%5)@#*&+--6-,&)3&54+)-&673&7#%&D:4),&),&
54+&H34#$$%&$#-5F/&I'&@62-,+;&54+&(#3%&B)''+-+3@+,&)3&$-+G#3#*%5)@#*&
+--6-&#-+&56&?+&+J$+@5+B/&K4)*+&54+&#3#*%5)@#*&$-6@+,,&),&+,,+35)#**%&54+&
,#(+&)3&+#@4&*#?6-#56-%&D54+&)3,5-2(+35,&#3B&(+546B,&#-+&B+,)L3+B&
56&$+-'6-(&54+&,#(+&$-6@+,,F;&54+&$#54&54#5&54+&$#5)+35&,$+@)(+3&
5#.+,&56&-+#@4&54#5&)3,5-2(+35&),&23)M2+&56&+#@4&4+#*54@#-+&,+55)3L/&
C3B&6'5+3&54+&-+52-3&6'&54+&5+,5&-+,2*5&#*,6&4#,&)5,&673&23)M2+&$#54&
#3B&+3B,&2$&63&#&63+G6'G#G.)3B&-+$6-5/&

C@@6-B)3L*%;&,)3@+&54+&$-6?*+(,&5+3B&56&?+&23)M2+;&54+&,6*2G
5)63,&(2,5&6'5+3&?+&@2,56()N+B/&:4),&(#.+,&)5&(6-+&@4#**+3L)3L&56&
B+,@-)?+&L2)B+*)3+,&'6-&$-+G#3#*%5)@#*&#3B&$6,5G#3#*%5)@#*&$-6?*+(,/&

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*%&$-+G#3#*%5)@#*&+--6-,;&?25&$-+G$-+G;&$-+G;&$6,5G;&#3B&$6,5G
post- analytical errors. Analytical errors are often narrowly defined 
#,&+--6-,&!)3&54+&?6J;8&74)@4&6@@2-&63*%&7)54)3&54+&*#?6-#56-%&#3B&
,6(+5)(+,&63*%&B2-)3L&54+&#@52#*&#3#*%,),&,5+$&74+3&54+&,$+@)(+3&
),&)3,)B+&54+&)3,5-2(+35/&01+-%54)3L&+*,+&),&625,)B+&54+&?6J/
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!"#$%&&'()*+$,-.$/)+-,$0'12),3$/)+-, %
!"#$%&'(&)$%*+",-.&/01.&2*$3&)$%*+",-.&42

!"#$%&#'()*+$,"-%.#&+$/0#$")%#1$2-'#$-$3).$ )4$(54)&6-.()5$-7)*.$
8*-3(.9$,)5.&)3$-5:$."#$0-9$(.$ !" $*+#:$-5:$."#$0-9$(.$"#$%&'()*(*+#:;$

It may seem overwhelming at first. 

<5$."(+$,"-%.#&=$0#>&#$2)(52$.)$.&9$-5:$+*66-&(?#$@#9$%)(5.+$
-5:$.*&5$."#6$(5.)$-,.()5+$9)*$,-5$.-@#$5)0;$A)$0#>&#$2)(52$.)$2('#$
9)*$+)6#$B!)%$CDE$3(+.+=$0"(,"$-&#$+)$%)%*3-&$(5$)*&$6#:(-$-5:$3(.F
#&-.*&#;$!"#+#$+")*3:$"#3%$9)*$&#6#67#&$-33$."#$(54)&6-.()5$4&)6$
."#$%&#'()*+$,"-%.#&+$(5$-5$#-+9$0-9$G$7*.$&#6#67#&$.)$2)$7-,@$
-5:$3))@$-.$.")+#$,"-%.#&+$0"#5#'#&$9)*$"-'#$8*#+.()5+;

H)(52$."#$&(2".$IJ$&(2".$(+$5).$#-+9K$$<.$.-@#+$-$3).$)4$+.*:9$.)$
*5:#&+.-5:$."#$,)5,#%.+$-5:$%&(5,(%3#+=$."#5$#'#5$6)&#$"-&:$0)&@$
.)$6-+.#&$."#$:#.-(3+$)4$,-3,*3-.(52$."#$:-.-=$+#..(52$*%$."#$,)5.&)3$
,"-&.+=$+#3#,.(52$."#$&(2".$,)5.&)3$&*3#+=$-5:$(6%3#6#5.(52$IJ$&(2".$
in the daily operations in the laboratory.  Then there may be difficulF
.(#+$(5$,)5'(5,(52$)."#&+$."-.$,"-52#+$)&$(6%&)'#6#5.+$-&#$&#-339$
5##:#:$(5$."#$IJ$%&-,.(,#+$-3&#-:9$(5$*+#$(5$."#$3-7)&-.)&9;$$L)*$
0(33$"#-&$6-59$&#-+)5+$2('#5$0"9$9)*$,-5>.$,"-52#$0"-.>+$7#(52$
:)5#;$$M#&#$0#>33$.&9$.)$-::&#++$."#$6)+.$,)66)5$,)6%3-(5.+=$,)6F
6)5$%&)73#6+=$-5:$5##:+$4)&$(6%&)'#6#5.;$$!"#+#$-&#$)*&$B.)%F.#5E$
3(+.+;$$N54)&.*5-.#39=$."#9$,)*3:$7#$6*,"$3)52#&$(5$."#$&#-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)*,#$$;-3$<5$=.$*..<$,5$>-1*+.$04?$$;.@A.$
12=13&$<5*.$),$,-)&$=13B

!"#$%&'()   Change is always difficult and especially when basic 
,)5,#%.+$-5:$%&(5,(%3#+$-&#$*5:#&+.)):;$$IJ$"-+$)4.#5$7##5$.-*2".$
-+$-$+#.$)4$.&-:(.()5+$"-5:#:$:)05$4&)6$)5#$-5-39+.$.)$."#$5#O.;$$
P4.#&$+)$6-59$B"-5:F)44+E=$(.>+$%)++(73#$."-.$."#$)&(2(5-3$(:#-+$-5:$
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1:2s control rule de!nition  20, 47, 49
1:3s control rule de!nition  20, 47
2:2s control rule de!nition  21, 48
2of3:2s control rule de!nition  50
3:1s control rule de!nition  50
4:1s control rule de!nition  48
6:x control rule de!nition  50
7:T control rule de!nition  51
8:x control rule de!nition  49
9:x control rule de!nition  51
10:x control rule de!nition  49
"SEcrit  142

-
Across materials  60
Across run  61, 73
Allowable bias  11
Allowable imprecision  11
Allowable total error  11, 140. 284
Analytical QC Plan  283
Analytical Run  22, 156
Analytic Controls  200
Analyzer Acceptability  200
Assay control limits  117
Assayed values  124

Automation  297Ð299

.
Bad control habits  78Ð79
Batch mode  157
Bottle values  123Ð124, 314

/
CAP  9, 179, 180, 240
Cartridge stability  229
Changing control lots  127
Charts of Operating Speci!cations ( see also OP-

Specs charts)  321
CLIA  9, 21, 117, 191, 197, 204, 208, 229, 233

, 246, 259, 273
run length  154Ð155

CLSI  169
CLSI C24-A3  22, 104Ð105, 156, 181, 285

Assay Control Materials  124
cumulative mean and SD  125
Establish Mean for New Lot  128
Establish SD for new Lot  128
imprecision  118Ð119
interlaboratory QC programs  253

CLSI EP18A2  207, 282
CLSI EP23A  176, 177, 180, 208, 213, 222, 223

, 226, 233, 247, 282
CLSI EP26A  241, 243
CLSI GP26  9
CLSI guidance  175
CLSI HS1-A2  17, 272, 274
CLSI Òsource of errors matrixÓ  292
Coe#cient of variation, CV  122

cumulative  126
Coe#cient of variation index, CVI  131, 257
COLA  9
Collection and processing of specimens  199
Commutability  226
Continuous mode  158Ð159
Control charts  16, 19, 32Ð41
Control concentration level  99
Control limits  19, 27, 32, 117, 123, 181, 314

cumulative  127
Control materials  25Ð26, 123

Assayed versus unassayed  108
Assigned values  124
concentration levels  108
lot changes  127Ð128
Matrix  104Ð106
Pre-treatment steps  106
Stability  107
Vendor considerations  109Ð110
Vial-to-vial variability  107Ð108

Control mechanisms  224
Control repeats  78, 96
Control results  41Ð42
Control rules  20, 100
Controls (see also control materials)  153Ð160
Control stability  99
Corrective action  281
Critical Di$erence  241
Customer complaints  201
CVI  257, 258
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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 guide  158, 

177

1
E$ort  225
Electronic QC  161, 166, 166Ð167, 168, 168Ð

169
EP23A  182
EQA  253
EQC  171, 180
Equivalent QC  161
Equivalent quality testing  180
Error detection (Ped)  18, 55, 56
Error frequency  303Ð304
Error sources  164
Event-driven QC  157
Examination procedure  276
External Quality Assessment (EQA)  16.  169, 254
EZ Rules  285, 325

2
Failure Mode E$ects Analysis (FMEA)  16, 

175, 204, 207, 208, 210, 211, 216, 217, 227
Failure modes  177, 197, 204, 205, 207, 208
False alarm  103
False rejection (Pfr)  18, 27, 55, 56

Frequency of Controls  153Ð160, 203

3
Gaussian distribution  16
Good laboratory habits  79Ð84

Good Laboratory Practices  271

4
Hazard identi!cation  178
Hazards  197, 210
Hazards checklist  198

High sigma TQC strategy  285
Histogram  16Ð17

HS1 (see also CLSI HS1)  9

!
Immediate noti!cation of critical values  200
Imprecision  142
Individualized Quality Control Plan (see IQCP)  
Instrument and environmental conditions  200
Instrument and reagent factors  163, 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, 276Ð279, 280Ð

281, 319
ISO 15198  102
ISO 22367  281

5
Labeling of specimens and samples  199
Lean  16, 299Ð300
Levey and Jennings  18
Low sigma TQC strategy  285

6
Management responsibility  98, 102
Matrix  104Ð106
Matrix e$ect  104
Mean  16, 26, 32, 99, 118Ð120, 123

cumulative  126
Mean and SD calculations

Assigned values  124
Cumulative interval values  124
Cumulative-to-date values  125
Fixed interval values  124
Moving interval values  125

Measurand  276
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Measurement uncertainty (MU)  286
Method stability  99
Moderate sigma TQC strategy  285

Multirule QC (see also ÒWestgard RulesÓ)  45Ð57

7
NGSP  240
Non-conformities  251, 281
Normal distribution  16
Normalized OPSpecs Charts  325

8
Occurrence  173, 177, 182, 208, 210, 

213, 221, 227, 228
Operator variability  227
OPSpecs charts  285, 325

Out of control problems  77Ð88

9
Parallel testing  55
Patient identi!cation  199
Patient Safety  16
Peer comparison  254Ð257

advantages  268
report  260, 260Ð263

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, 301Ð302, 322
Post-Analytic Controls  200
Practicality  224
Pre-analytical errors  162-164, 291Ð294, 303Ð305, 

322
Pre-analytical workstations  298Ð299
Pre-Analytic Controls  199
Preliminary review  163
Preventive actions  281
Probability for error detection (Ped)  144
Probability for false rejection (Pfr)  144
Pro!ciency Testing (PT)  16, 194, 204, 

229,  233, 323, 253-254, 265-267
Provider-Performed Microscopy  171

:
QA plan  248
QC Plan   158, 169, 175, 191, 193, 208, 245

, 282
QC protocol  60Ð61, 95
QC review  200
Quality System Essentials (QSE)  12, 17, 271-274
Quality  11

de!nition   9Ð10
Quality Assessment plan (QA)  173, 249
Quality Assessment (QA)  14, 172, 178, 245-246
Quality Assurance  11, 196, 209
Quality Assurance monitoring  158
Quality Control (QC)  14, 22

de!nition   11
Quality Control Plan (QCP)  22, 172, 173, 176, 

178, 247
Quality Control strategy  22
Quality Design  14
Quality Goals (QG)  14
Quality Improvement (QI)  14
Quality Indicators  11, 247
Quality Laboratory Processes (QLP)  14, 18, 165
Quality Management  11
Quality Management System  12, 271
Quality Policy  12
Quality System  274

;
R:4s control rule de!nition  21, 48
Random error  81, 120
Reagent acceptability  200
Reagent lot-to-lot acceptability  241
Reliability  225
ÒRepeated, repeated, got lucky!Ó  95
Repeat Patient Test (RPT)  226, 

227, 229, 233, 235, 236
Residual risk  227, 282
Results/Readout/Raw Data  163
Right QC  171
Right-sized SQC  205
Risk  175, 178, 207
Risk Analysis  175, 282, 319, 322
Risk Assessment  158, 172-174, 

176, 178, 204, 207, 209-210, 215, 221, 
245-246
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Risk-Based QC Plan  192, 193, 207, 218
Risk Estimation  175
Risk Evaluation  175
Risk Factors  212
Risk Management 16, 

166, 169, 176, 207, 222, 282
Risk Mitigation  183, 208, 221, 227-228
Risk Priority Number (RPN)  212, 214
Root cause analysis  173
Run length  21, 153Ð160
Running a new control  79

&
Sample acceptability  200, 229
Sample instability  228
Sample preparation  163
Sample presentation  164
Sample requirements  199
SDI  257
Serial testing  55
Severity  77, 182, 204, 208, 210, 221, 222, 228
Severity  210, 213, 227
Shewhart  17
Sigma-metric  141, 142, 144, 303Ð305, 322
signi!cant !gures  119, 123
Six Sigma  15, 16, 300
Six Sigma Quality Management  250, 319
Six Sigma Quality Management System  284, 287
Six Sigma Quality Management Systems  320
sources of error  159
sources of errors  162
Specimen collection  163, 164
standard devation index, SDI  130Ð131
standard deviation  99, 118, 120Ð122, 123

cumulative  121, 126
standard deviation index, SDI  257
standard deviation (SD)  16, 26Ð27
Standard Operating Procedure (SOP)  285
Standard Operating Procedures (SOPs)  295Ð

296, 320
Standard Operating Procedures, SOPs  169
State Operations Manual (SOM)  161, 171
Statistical process control  18, 19
Statistical QC  101Ð102, 200
Statistical quality contro  22
Step-by-Step Guide for Developing an IQCP  207
systematic error  80Ð81, 82, 120

<
Test report delivery  201
Test result review  200
%e Joint Commission  179
tolerance limits  15
Total error  258Ð259
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 process  208
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  84Ð88
Trueness of measurement  277
turn-around time  300
turnaround time  251
Turnaround time  218, 228
Turnaround Time  201

=
Uncertainty of measurement  277

>
Value Stream Mapping  301

?
warning rule  52, 55, 60, 65, 67, 69, 73
ÒWestgard RulesÓ  58

interpretation  59Ð76
modern recommendations  56Ð57
traditional  46

ÒWestgard RulesÓ  18
Westgard Sigma Rules  191, 196, 203, 204, 285

, 312, 321, 325
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within material  60
within run  60
within-run  60

@
Youden plot  257
Youden Plot  264, 266

A
z-score  129
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