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I ntroduction 

lt may seem strange, to start a symposium on quality contro! with a 
talk on quantity names and units. It is evident however, that we cannot 
hope to control quality; if wc are not able to speeify what we are trying t(} 
control. With inereasing sophistication of elinical ch emistry this specifica­
tion has become more difficult and also more necessary - especially since 
quality control is now of international scope and involves specialista from 
many disciplines. 

To this date the way of presenting clinica! chemical data has h een 
incredibly diverse, inconsistent, and often incomprehensihle to outside 
colleagues. This, sometimes, leads to dangerous mistakes. 

I have met with an instance where a clinician suggested bleeding in 
a patient having a blood hemoglobin mass concentration of 135 grammes 
per litre because he thought that the result was given as per cent of a normal 
mean. 

Additionally, the conventions bave been contrary to internationally 
accepted terminology used in other branches of science, notably chemistry,. 
biochemistry, and physics, with which clinica! chemistry must communicate. 

Recognizing the chaos in the clinical chemical language, international 
efforts in 1966 created a fìrst Recommendation on Quantities and Units with 
the approvai of the International Union of Pure and Applied Chemistry and 
of the lnternational Federation of Clinical Chemistry (1-3). 

Recommendation 1966 

The subject matter of this recommendation may be divided in three 
parts: The naming principle of the parameters that are measured, the 
preferred way in which to express them, the units to be used. 

A nn. I st. SuDe'l'. Sanità (1971) 1, 22~23C) 
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f.ouccrning uames tlucc part!> are ncccssary: ~'>)"Stcm . component. and 
kind of quantity. The systcm may b e tbe blood serum of a s tated paticnt 
a t a ~tate rl momcnt; thc eomponent could b e tbc >-odium iv m ; of tbc serum, 
and the kind of quantity woultl be the way in which tbc componcnt should 
IH' rrlated to tbc ~ys t cm , c. g . thc mass conccntration or tbc molar concen­
trativn vf the sodium ions in tbe serum. Thc full sc t of information is 
callcd thc quantity namc. 

Thc preferred way of r clating componcnt and system. when a choice if' 
po:.:.ible. is tbat giving thc b cst information in a gi,·l'n ~ituation . I s it bcttcr 
to exprcss thc concentration of sodium ion in serum as mass eonccntration 
or molar concentration ? ShouJd tbc concentration of hcmo~lobin in blood bt· 
~i,·cn as molar conccntration or mass concentration or as pt·r cent of norma! ? 
l l t• re. it secrns C'vidcnt that tue « mol ecular » conccpts posH•ss inhcrcnt advan­
tagt'S whicb decide the issuc . Mass and mass conccntration very seldom 
correlate componcnt and system in a biologically u soful way, whereas norma! 
and patbological biochemical proccsscs are governcd by laws tbat are roolf•­
cular in nature. Thus, « roolccular concepts » clarify functional relationships, 
« mass concepts » obscurc tbcm. This fact is roostly refl ected today by tbC' 
use of molar concentration or « equivalent concentration » in the fìeld of 
inorganic elcctrol}'t c conccntrations in serum. i. e. for the components 
sodium-ion, potassiuro-ion , ch loride, and hydrogcn carbonate. A short lis t 
of other groups of intl'rrclatcd components should s bow thr advantages 
of extending this usagc: 

acetoacctate - acetone - P-hydroxybutyratc; 
aùrenaliniuro - noraclrcnalinium - 4-h ydroxy-3-mcthoxymandelate; 
« base excess » - lactatc - glucosc; 
biliruLin - bilirubin conjugates - alhumin ; 
calcium(II ) - phospha te: 
chloride - bromidr; 
cholesterol - cholesterol t>s tcrs : 
glycerol - triglyccrides; 
hcmoglobin(F c) - clioxygen(0 2) - iron(II) - tran~fcrrin. 

Consequcntly thc Intcrnational Federation of Clinica! Chcroistry (IFCC) 
rccomrocnds the use of quantitics of a« molecular nature» wbenever possiblc. 

As far as units are conccrncd a set of sevcn or cight kind s of quantitics 
an d corrcsponding units (T a ble 1) is r egarded as basic, wbcreas ali oth er 
quantities and units are dc>riwd from this set by simple equations, e. g. 
volume i" length to thc third powcr. ~Then thc base units bave an iucon­
,·enient ~ize . subunits are cr eated by tbc usc of a li:.t of intcrnationall)' 
approvcd factors haYing step « bcights » of one thousand (Table 2) . This 
•m•ans that the volume dcnominator often uscd for conccntration units « on c 
hundr t>d millilitr c'~ » is abandoned. 

.4 nn. l~t. S1111 e r. Sanità (1971) 7, 226-280 
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TABLE 

lntemational basic kinds of quantities and correspondiog base units 

BAste K l:'fo or QcANTIT\· BAS E U' JT 

l 
:\a me S)mbol ~•me S)·mbol ' 

length l me tre m 
mass m kilogramme kg 
t ime t second s 
elec t ric currcnt I ampere 

l 
A 

thermodynnmic (absolute) temperature T kelvin K 
lumioous intensity. I candela cd 
nmount of substance n mole 

l 
m o l 

« amount of enzyme » • - t-nzyme unit u 

• Cf. • Added io proof "· 

TABLE 2 

Names and symboJs of factors pJaced before unmuJtiplied units 

PltEPIXES SVM I OLIZINC FACTOa.s 

Fncto r l ~a m e l Symbol l F,.etor l Nttrue l Symbol 

l l 
l0-3 mi Ili- m 
IO-• micro- ~t 

1012 te ra- T 

l 
I0- 11 nano- n 

199 giga· G 10- 12 pico- p 
106 tuega· l\( I o-·~ fernto- f 
1()3 kilo- k 1o-•s att o- n 

l 

l l 102 hecto-

l 
h 10- 1 deei- d 

101 ri cca- da I0- 2 cent i· c 
l 

The recommended systcm m ay be illus trated by ment ioning a few 
kinds of quantities and examples of their use. 

For volume the simplest , so-called cohcrcnt unit is t he cubie metre, 
hut IFCC has decided - for thc Lime being - to prefer the litre and its 
subunits, e. g.: 

Patien t--Urine, volume = 1 .20 l 
The kind of quantity mass should not be confused wilh « weigh t », e. g. : 

P atient--Body, mass = 70 .0 kg 
Amount of substance is t bc new « chcmical » basic kind of quantity with thc 
base unit mole (defìned as the amount of substance of a given component 

..t 1111 . lat. Suvcr. Sanità 11971) 7, 2'~230 
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wh.icla c·ontains as many formula wùts ab thr r•· art· atow>; in cxactly O. O L2 
kg of th<' p ttr<' carbon uucJjdt· uq, e. g.: 
24 hours UrinP··Calcium(IT) , amotwl of s ubs tam·l' = 1. 3 mmol/ L 

Mass concentration i"' useJ onl:v whc n « molt·culnr » kim.l ... of quanlit.iea ''ili 
not serve, c. g.: 

Scrum--Lipid(total), ma:s ~S conc·c·n tra tiun - i .O H l 
Amo urti of substance conrentrathm (molar conc·c·nt rat Ì\111) !lhould be U:.,,•ol 
when•·,•er possihle. e. g.: 

Blood--Hcmogluhin( F c), molar conccutration = U. 9 m moli l 
Partirlt> con.cmtration. mucb u~ocd iu haema to lo~n, :,hould not employ tbc· 

microlitrc a~-o volumt:' denominator. 
Dlood--L<'ukocytcs, partic.lc• conccntration - 6.5 lO'' l 

Timt• doc not permh ili:.cussing t he mau) otbl'r kimJ.., nf quantitie~ usNI 
in clinical chcmistry, on ly the mosl importanl ha'<' ht•<•n touchc·d upou. 

l mplNnentation. 

A fcw worcb should be spar<'d on thl' impll'mt' nlatiun uf th t• prindpll·~ 
of thc Recommendation. 

Evidently, the usc in practicc of tbc· ~oy tl'm rcquirc• ... thorouAh educa­
tion of clinicians, nursin~ staa·. ami laboratory pl' rl'onnd. Informatory 
urticlc~S. lectures. und discussiou .;; art· ncce~>t.ar~ for , [H'rhap,.,. baJf a yt·ar 
prcc!'ding tbc changc. A list of narnes and units us wc ll ns corwcr~Siun 

factors from formc•r to nf'w vnlues s hould be pr<'parNl in handy formal. 
l l wouhl be advantugeou:; if ali tbe .laboratorie::. in a ecmntry cb.aug.· al thc 
s um4' timc. but not a pn•requisite. l prefcr u voluntnr) art , dccidcd by a 
conviction tbat tht' advantages of thc rccommc·rHll'd syst <'m 4lUI " 'cigù t hc 
problcm ;. of trans itino. P ersonali). l prrfcr o tmddt·n - rathcr than a 
stcpwist> - cbang1· for ali quantitil' " m t•asun·d. A prolongt•fl pcriod of 
transition on ly drags oul tbc ine, ·itnblt- pain of rC'thiul..in ~. Inr iòcntally, 
from cxpericnce I J..-now that tbi,. pain i~S bearaLlt· s int•r onl) aboul t cn of 
tbc more used quantities alter tlw ntlue~ of t h l· r e;;uJ t.,. F or tbc re.::t. the 
u <'r~ bave l o consult thc norma! rangt•:o anywa~. 

Tbc advantages of thl' r ccomm1·nd ed ~yst<'m an• promincnt: in terna· 
tional and national unification in pre entadon of rt'~ult .... a common language 
witb othcr scicntific di&ciplinl's, biologica! insigbt und, ult imatrly, fewcr 
misw1dcrstanding . 

Tb<' American Association of Cl inica! Chcmist s nlrcad)• adoptcd tbc 
Hccommcnda tion 1966 in principle. Tht• 1\etherland.:. FinJand, Norway, 
aod Denmarl.. decided to cbange during thl~ year . Gr ra t Britain will ehange 
st cpwisc. Tbc periodicals Clinical Cbemistry, Clinica Chimi('a Acta. aud 
Scandinavian Journal of Clinicul and Laburatory Invcstigntion will recom· 
mend Lhe system to the autLors . 

A nn. lat. Supor. Sa»ltt\ (1971) 7, 225·~30 
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Why don' t you join tbc club? I think it would be t•xtrcmcly valuabll' 
if thc Italian clini<'al biochcmists at their first Natiooal Congre s flC<'idcd 
to adopt tbc priociples of Recommendation 1966 of It:PAC and TFCC. 

Summary. - Tbc problcm of t crminology in thc ficld of clinica! chc­
mistry was faccd by two lntcrnationaJ Bodics: thc Sccliun on Clin ica! Chc­
mi,l r) of lht• IUPAC and tbc ln tcrnational Fedcration of Clinica! Cbcmi:.try, 
in ordcr to a<·hieYe tbc following: 

l ) To r educe tbc n111nber of tbc ways of prcsentation of rlinical 
t•hcmicul rcsults. 

2) To unify tbe t crminology used in clinica! chcwistry with that 
u;,t•d in rdntl•d fi<'lds . 

3) To nchicve increascd biologicaJ insight through tbe prcfcrrl'd ttS<' 
of kincls of IJIHilltiti~s of a « molecular » oatnre. 

Thl'rl'fm:o, a « R ecommenrlation on Quantitics und Units » wns pre· 
por<'d in L9ti6, bns<'d on the rccommendations of the l UPAC, I UB, l UPAP 
and l O. and conccrning tbe basic and dcrivcd quantitics ami tbc corrcspond­
ing units of mnjor irnportanrc for tbc l'linica l chemist, und parti r ularly l'or 
hi,; <'ommuniratiun witb clinicians . 

Thf' prmr iplcs of this R ccommcndntion are illustrai cd with prnctical 
,.,ampie . The ndoption of a unifìed nomcncla ture on a national :md intcr · 
na tional Jc,·cl ib olrongly encouraged. The ad,·antagc:. for both ~cicntists 
and paticnts of reducing the poss1hilities of crror s and mi undcrbtnndings 
a re empbas iz<'d. 

Riassunto ( Tt>rminologia internazionale unificata per i risultati quanci· 
llttim dd/e analisi chimico-cliniche). - 11 problema deiJa t erminologia nel 
ca mpo della Chim:ca Clinica è s tato affrontato da due Enti lntr rna7ionali : 
la rzionf' d i Chimica Clinica clciJa l UPA C, e la F ederazione T ntcrnazionall' 
di Chimica Clinica , con i seguenti obiettivi : 

l ) ridurrl' il numero ddlf' modalilà ùi prcseutazionl' dci ri ultali 
t•hiwico-dinir i; 

2) facililare il coordinamento ddJa nomencla turn nel campo della 
.. ltimirn dinicu c nei cumpi nH1ni. 

:~) con~tlg11irc una più profonda comprensione biologica attravl•rf'c 
l'impit·~o di unitìt di natura « molecolare ». 

t 'tata quindi approntata nel 1966, in base alle raccomandazioni della 
l l PAC, I UB, IUPAP e TSO, una « R ccommendation nn Quantitics anù 
l fnits» che riguarda le grandezze di base, quciJe da cssc derivate c le corri­
' Jlondcnti unità fii misura di maggiore importanza prr il clùmico r limco, 
"Jll'Cie nei suoi rapporti con i clinici. I principi in l'""'a l'CJntenuti '(•ngono 
illus tra ti m"'-liantc una ser ie di esempi pratici. 

.t nn. ht. SIIV6T. Sarutà (1971) 7, 2~230 
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\ it•tu• rivolto un in' ito od rulottnre a li veUo oazwnnl•· lu uomrtll' l.ttura 

io tcruazionnlc unificat a ~ottolirwunùo il vaotag~rit, dNinuale. in ulti ma 
nnali;,i, non soltanto p er lo stutl ioAu ma anch e per i l mnlntu, in cpwntu ]., 

po sjiJjJ:t:t di <'lfUÌ' ol'i saranno ridollt•. 

A ddrd in proof. 

At Ìl '" nwl' ting in Mt'nton, Fr.tnrc. ju Ma~ 19-;'1. tLo· <.urnmi.,~ion 011 

Oioch t•mical ~omcndature (of I lo PAC l l'O) dt•cidt•tl t o n·rom nll'nd 1 bo• 
l...i nd of qunnti t~ << cat alylir amou nL » ' ' ilh tht· uni l « k:n;~l » nyrn bol17.1'1l 
<< ka t » a ' pre fcra iJie to nmo unt of c ozymt' a nel eoz~ m•· uni t (t 1. TLe l-a t al 
mu~ IJ,• drlìncù a ~; tbc cu taly ti l' a mount of auy <'8lu ly~q 'dtit•lt cu t aJy,.e.­

Ut> mnn ~ r eur tion rycle:. per bt'con tl "" th t•ro• a r t• carlw u al11m .. iu 0.012 k~ 
(1·xa ctly) of th<~ pme nuclidc 12C. l n othcr ·wortl!'l tlw uuit i .~ nwarmrcd by 
a rnlt• of r t•action (io mol ) of n d r fin cd catnlyHtl r t'M'I ion . Thl' ru·" 
ùe6nition i t- io ac·cordancc ,,·i t h t h~ S~•sti·me l o tcrnational ti'Uni lt~:. (S I). 

For con,•cr~ion 11: ~ l h.6i n l..at. 

(') UYBKA.ER, u. & " · JORt.f.''"''· QuariiiiiC'S and Cnil in Uanac«l u.mi•ln, tnrludon r: 
Rrrommrndutotln 19111• of thr• Comrnassion 0 11 Clillicnl ChenuSirJ nj' t/11• ln tt•mnllarlflll naorr 
of i>urf' and fpplird Chf'ma~ln an d of tkr fn trrnallonnl Fl'tif.mllon for Uinirnl Chrmi<rn . 

l\lunkegPnrcl . Cop t•nhugrn L91o7. 

(!) lhBk.AEII, H Ciin. Bioritmo .• 2 !!2'; (J%9). 

( 1) llYUitAEH, H. :\umo:uclnturr for qunnli ti~· uncl unil· Jn ~I•HHI•tr<l \lrùamlt uj' C lmwtl 
Cht·miun. J\cad. Pr~·-. In c., Ne w York J 97\l. Vol. 6. l'· 223 . 

.Cnn. lt! . .!>uv• r • .scr,.ll<) (1971) 7, :!:l$..!!30 



Statistical considerations on the variability 

of analytical result 

G .• \GXESE 

l stilulo di StaiÌIIÌca .\lt dica e Biomt lria, Unir:tr$Ìid di Gtnot"n, ltaly 

Lnboratory resuJts are estimates of analytical quanuues in biologica! 
..,pecimens: cacb rcsult prescnts some deh:rree of vuiability, owing to raudom 
t•rror . Differcot kinds of frequency di tribution may be uscd by tht• 
aoalyst to estimate this variability : 

a) binomia! dis tribution may be used to estimate tbc variability of 
perccntages, such a those of tbc ditfereot kind of wbite blood ceUs in lcuco­
ryte formulas; 

b) Poi~ oo 's distribution may b e used to e timatc tbc variability 
of quantitative discootinuous observations such as ccii counts, for ins tance 
those of RBC, WBC, platelet:.. bacteria, etc.; 

c) normal (or gaussian) dis tribution may b e used to estimate the 
variability of quantitati\·c « continuous» obser vations, that is, to measure 
the intensity of a parameter that cao assume any , ·alue within a given range. 
Thi applies to biochcmicul and to clinical ch emical as nys. 

- Wc can estimate the standard deviation ancl ronfldencc limit ... 
(CL) of lhl' perceo tage by consulting precalculat ed tablci> pn·p::m •d for 
binomia! dis tribution. 

- Wc can Cbtimatr the standard dc'v iation antl ronfiJrnce limits 
of ccii counts by means of Poisson's cli!'tribution, from the total numbt'r 
of cclls that wrrc cotmted (N) (*) : 

~ taodard 'deviation - l .V l l J 

CL = Conndence limits a t the 95 ° 0 levcl = .V i 2 l N l l ' ) 

(• ) \"(ben N is large. For ~mall , ·aJucs of .V one mu~t con•ult precalculated tablc•. 

1 nn. l t Suvu. ~an itd 19711 7, .;.31 -2~3 
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- W e can estimat e tbc standard dcviation and thc confidcnce limits 
of clinical chemical measurcments by a gaussian distribution from ao ad· 
equa t e numbcr (n:::::... 30) of replicate analyses on tbc same biological specimcn 
using the well-known formulas: 

a = 1' ~ (m - x)~ 
n-l 

[2) 

If analys is of a uuknown spccimen b r epcated « n» times , the confidencl' 
limits will h<·: 

CL = m ..t. 2 a/ l -;;- [31 

and if the analyses bclong lo a single series: 

·cL · m ± t o.os s /1'-;;- [3') 

t 0.05 must b e fuund in tbe appropriate tablc, for tt - l degrees of freedom. 
With tbc above formulas wc can estimate random variability, which is thr 

sourcc of analytical imprecision: however , wo must also consider systematic• 
errore ( so·called « bias » of the analysc~;) whicb may l ca d Lo inaccural<· 
r esults. 

Systematic variability may affect leucocyte formulas as a consequcncc 
of poor staining, unequal cell distribution on the glass slidc, and tbc like; 
it may affcct cell counts as a conscquence of faulty calihration of tbc micro· 
pipets or counting cbamhere, insufficient mixing of blood epecimcne, etc. 
This variability is not likcly to occur in wcll·organized laboratorics. 

Systematic variahility is typical, and more difficult to avoid, in clinical 
chemical assays: 

a) first, becausc many non-specific methods are in current use, and 
this may lead to different levels of inaccuracy, due to tbe presence of intcr· 
fering suhstances in the biologica! specimcns; 

b) secood, because the results of quantitative assays are usually 
obtaincd by comparing the r esults givcn by the unkonown biologica] speci.· 
men with the results given by a r efcrence solution of a chemical standard, 
according to the well-known formula: -, 

[4] 

Thc composition of s tandards, and tbe way tbey are used, should there· 
fore be regarded as potential sources of error. 

A nn. lBt. SupeT. Sanit4 (1971) 7, 231·243 
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Therefore, the overall variability of results is the sum of three main 
components: 

l) Within-ron variahility = random variability in a single analytical 
seriee. Thie ia related to the featuree of the analytical method, to email 
sample-to-sample changee in the performance of the analytical instruments 
and of the operator, etc. 

2) Day-to-day variability. This is related to small day-to-day chan­
ges of analytical conditions: r eaction tim.es and temperature&, small changes 
in the volume or reactivity of the reference solution, etc. (so-cali ed day bias). 

3) V ariability « between laboratorieu. Thia ia related mainly to use 
of diffcrent methods, and to different r eference s~lutions. 

Recent interlaboratory surveys (1) have shown that, if the coefficient 
of variation (CV) of a given method is usually ± 5% in the hands of its 
author , it may become ± 5-10% in the routine analytical laboratory, and 
± 15- 25%, or even more, in different laboratories. 

I shall attempt to analyse the factors contributing to this situation, so 
that we may understand how to improve it. 

Use of chemical standarth 

These standards are requi.red and commonly used to check the correct 
functioning of analytical methods. However, as I said before, these may 
themselves give rise to increased variahility. 

Le t us consider a method with a theoretical C V of ± 5 %, an d a practi­
cal C V oC ± 8% in a given laboratory. lf wc apply formula [3), since OD. 
and OD. are both subject to random errors, the overall standard deviation 
will be: 

( OD. ) - l . l / ~ . (OD ) 2 + 2 (OD )2 
~ OD,. - (OD.)! t" st ., sl " [5] 

where s1 is the SD of OD<fJ , and s2 ie the SD of OD,. 
If OD., aod OD, are in the same range, the overall coefficient of varia­

tion will be: 

in the case of a single standard: CV = 8 % · V l + + = 11 .3% 

in the case of a two standards : C V = 8% · V l + ~ = 9 . 8% 

This meana that the variability due to the standard iocr eases the 
« imprecision » of about 40 % if a single standard is assayed, and of about 
20 % if the standard is assayed in duplicate and the r esults are averaged . 

.tnn . lat. Super. Sanitd (1971) 7, 231-248 

6 

l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 



2H 'STANO.IIllliZZAL I0:->1 1: CONl i!OI.W Ili Ql ,\LI1 l 

Tlw aunlys t , howevcr , shouJd not rcly too much on formula [5] for th<' 
assessuwnt of ru1alytical variahilil~', sinrr thc chcmit al standards do uol 
always affor1l reliable ùay ·to-duy (or batch-to-batch) estimatPS of variability 
in biologie al sp ccimcn;.. I n fac t. s <·veral analytical s trps rcquin'd for tht· 
analysis of Liological spccimen~ are Likely t o incrcase tllf' variul)ility of r csuJt ,.. 
« bctween ba tches » (ami al:;:o « hctwecn laboratories»). Thcrefor<' lo a'l'i<'i·,.. 
this v ariahili ty, Wt' musL suiJj t•ct a biologica! tontrol materia! (for ins tanc1• 

a conlrol scrnm, or a pool of SPra) to r eplit·atC' anal ybi,. in s ubsctfuenl da~-:" 

nncler routirH' comlitions . 
Also, the purit-y of chemic;al standarcls may afft·r t thc r rsult::.: mcasure· 

mcnt crrors, impurity of reagcnts, aud instabilit) of solutions may giYr rise 
to systematic differenccs « h otween laboratories». This variabili l y ran !te 
avoid<'Cl by using tbc sam e referen<'l' standartl. 

Quality contro/ 

Quality contro! (N) may be defim•d as a statistica! procedure for cherl.­
ing wheth cr thc quality of serially produced itt:ms (for instance. analytical 
results) corr espooJ s Lo given paramcters. Thcse parameters ma y concern 
thc prcsence or aLsencc of t cchnical fauJts: in this case, a givcn (max:imum ) 
frequency of fatùt s should nol be exceedcd. Such a contro! may Ù(' uscful 
in t he ficlds ofbcmatology and histology, if we waut to make surc that error,; 
of cell identification do not exceed a given lcvel. In this case we may appJ~· 

the formula: 

wherc> P0 , P 1 , P2 , P 3 • e tc. indicate the probability of O, l , 2, 3 ... obscr· 
vatiooal errors, and a is tbc averagc frcqucncy of errors in norma! condition:- . 
By using formula [6]. which i" r f'lated lo Poi~son's distribution, w t• cau 
estimate thl' maximwn allowahlc nu.mbcr of crrors, with r efcrcnce w a 

given lcvd of p.robability (P = 0.10- 0.05). 
In the case of clinical chemical analyscs, as a rulc, we should appJ~ 

the formulas of gaussiau dis tribution. anù estimate the avoragc valul' (/t) 
and the standanl deviation (o") of thc results given in subsequcnt days by 
a control specimcn, for iustance pooled sera. Thcrtafter wc· should anal yze 
the samc contro] s pecim('n witb eacb nrw analytical ser ies; aml we should 
toleratc dcviatiou:. from the cxpcctcd valuc (!.t) only if they do uot excccd 
thr limits of gaus ian clis triliution. accordiug to wbich.: 

99.8 % of thr indh.·idual observation..- shoultl be compriscd wilhin ± 3. 00 a : 
99 .O % of tht' indh'idttal observations shoulù b e compriscd within ± 2.57 a; 

95. O% of thc individua l observations should h c comprised within ± l. 96 a . 

. ·1 rn1. / st. i:ìruwr. Stln ità (1971) 1, 231-243 
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If each analyeis ie done more than once, a should be replaced by 

a,. = a / r;; , w ber e n is tbc numher of analyses done OD each biologica! 
sample, as well as on the control specimens. 

The daily r esults given by the control spec.imens should be plotted on 
contro} charts, as shown io Fig. 1: the middle line corresponds to the theoret· 
ical average, and the outer lines to the con6dence limits (usually at the 
95 % level). Results outside these limita should appear on the chart with 
an average frequency not exceeding 1/20 (or 1/100, or 1/500, respectively) 
of the total numher of observations; if this frequency is exceeded the analyst 
hould look for possible sources of error. 

+3o-

+ 2o - --------------------

+ o-1----

l n = 4 
95% of the average 

- - - - - values should fall 

l within these limita 
(~± 2 o/Y4) 

- a-----

l u = 2 
95% of the nverage 
valuea ebould fnll 

l 
witbin these limits 

(, , :::: 2 otV2) 

- 2a------------ --- ------

- 3o -

95% of individuai 
, resu lts sbould faU 

within theee limite 

~± 2o) 

Fig. l. - Quality control chart for average and individuai daily values: Limiti for 9S % 
of the observed values. 

If two or more specimens of the control olution are assayed daily, this 
will reduce the scatter a od improve the « normality» of the frequency distri· 
bution. In case of duplicate analyses the re ults should be plotted on a 

..1 nn. llt. Super. Sanit4 11971) 7, :!:ll-!N3 
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contro! chart like that shown in Fig. 2; average values are recorded in thc 
upper diagram, an d the dail y differences between duplicates in the lower 
diagram. The difference chart affords monitoring of the within-run precision 
of the analyses, while the upper diagram monitors not only the within-run 
precision, but also the variahility « b etween batches»: the confidence Jimits 
a t the 95 % leve! in the upper dia gr a m will be p, ± l. 20 a. 

By assaying the control sera every day at least in duplicate, the analyst 
can monitor the random variability as well as the day-to-day variability 
of ali routine methods (Fig. 2). This affords an answcr, at least in terms 
of probability, to the followicg questions: 

a) does random variahility exceed the limits expected on the basis 
of the initial estimate for a ? (estimate of imprecision); 

b) is thcre a signifìcant difference between ob served average value 
of the day (m) and expected value l'? (cont ro! of« day-to-day» variability). 

t 

a) ~----:_. ---~-- -._-.. r----_-._-_-_-_-_-_-_-_-_---:-,.. __ } "·" 
s.~ + 

+ + • 

b) ::l, __ · __ _ . __ : ___ _____ : } + 1, 96 ~ 
1 l l l l __..Ji....---L'----

4 Day 

Fig. 2. - Daily chart for the controlsolution (duplicate aoalysis): 

a) Chart of average values (rn) for n = 2. 

b) Chart of differences (d), in unita of a. 

To answer the fir sl question wc may r ecord the daily range d of results 
given by the control m ateria!: that is, the difference between the maximum 
and minimum values of the day. 

Next, we can estimate the daily value of s by one of the following 
formulas: 

for n = 2 s = O. 886 d 

for n = 3 s = 0.591 d 

for n = 4 s = O .486 d 

for n = 5 s = O. 430 d etc. 

A nn. lat . Suver. Sanitd (1971) 71 231-248 



237 

Evcn better, we can estimate <5 = ajk , where k is one of the above 
factors: for instance, in the case of duplicate analyses we shall 6nd 
6 = ajO. 886 = 1.136 a. W e may use the value of <5 to set the conndence limits 
for the daily range d in the chart, as shown in Fig. 2. The value of d may 
either be within the limits, or out of them when it exceeds 1.96 6 : in this 

-3 -2 -l 2 3 

n: l 

o) 

b ) 

2 3 4 

c) 

2 

n =4 
d) 

0.8 1.2 1.64 3 4 

Fig. 3. - Quality control.cbart of daily individuai and 
average valuee. 

Variability of daily values (m) around tbe cxpected 
value (l.t ), expressed in mfo unita. Sigui.ficance 
of dill'erence m- l'c· 

cvent tbe analyst must suspect an increase of normal variability, requiring a 
careful cvaluation of results and often a r epetition of the entire batch of test s. 

W e shall no w consider the variability of the difference m - fl between 
the daily result (or daily avcrage) g:iven by the control materia} (m) and 
the reference value (f.l) . As shown in Fig. 3, in the absence of systematic 
bias, the d.ifference will vary according to a gau.ssian curve C<'ntered 
on zero. 

If the ~erence exceeds a given limit (day n. 3 in Fig. 2}, a systematic 
error mu.st be suspected. 

If we accept as reference the expected value fl of the control materia!, 
in the case of a single contro! specimen we must admit a systematic deviation 

A nn. lat. Super. SanltA (1971) 7, 231-243 
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of analytical values (with a probability ~ 95 %) when m - p. exceeds 1.64 O': 

we must adopt this limit instead of 1.96 O' because we are comparing a singlr 
variable result with a fìxed reference ( one-tailed t est of significance). As 
shown in Fig. 3d, the corresponding limit in thc case of daily averages 
of duplicate or quadruplicate anaJyses of the contro) materia} wiJI be about 
1.2 O' and 0.8 a, respectively. An increase in the number of contro} specimens 
will not only increase the probability of detecting a systematic bias, but also 
afford an independent check of thc daily analytical scatter (Fig. 2). 

If the difference m - p. falls outside the con6.dence limits in coincidence 
with a high value of d (day n. 4 in Fig. 2), this may reflect an abnormal 
scatter of results without systematic error. 

If the difference m - p. exceeds tbc confidence limits, while the daily 
range d is within limits, we may infer the existence of a day-to-day varia­
bility in excess of random variability, leading to incr eased variability « h et­
ween batches». ÀD evaluation of all possible sou.rces of error may be 
uscful, but as we said, chemical standards are insensitive to certain sou.rees 
of variahility. Besidcs, until the source of variahility is eliminated, there is 
the risk of r eleasing biased results, unless whole hatches of tests are 
r epeated. 

In such a case we may use the value of m t o correct the results of 
the whole batch. By doing so, we can avoid major systematic errore in 
the results even though the exact concentration of the suhstance in the 
controlserum remains unknown. On the other band, with this procedure we 
cannot detect or correct differences << hetween batches» helow l. 6 a; l. 2 CJ, 

an d O. 8 O' respectively for 1,2, and 4 r eplicate analyses of t be contro l 
serum. 

Alternatively, wc could use in formula [4] the daily value of the optical 
density and the known concentration of the eontrol serum as daily reference, 
instead of the corresponding values of chemical standards; by doing so we 
can contro! those variations (due to factors that cannot be detected by 
the chemicaJ standard) which may result in incr eased variahility « between 
hatches» and also « hetween laboratories». 

T o day, however, we do not recommend the use of contro l sera as a 
suhstitute for chemical standards : this would favor error, sin ce commerciai 
sera supplied by different manufacturers do not always give consistent 
results. However, we strongly r ecommend the future preparation of con­
tro! sera containing the main groups of suhstances in well controlled amounts: 
these sera should be analyzed by carefully selected reference methods. If 
oftìcially controlled reference materials of this kind will hecome available 
to laboratories on a regional, national or international scale, this will contri­
bute to eliminate an important component of the overall variability, allow­
ing greater reliability of analytical results. 

Ann. lat. Suver. San(t4 (1971) 7, 231-2t8 
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A last important factor of variability is the great number of methods 
used in different countries and in different laboratories for the same assay, 
and the frequent use of imprecise and non-specific methods. Until now, 
in spite of many efforts, little progress has been made in the selection of 
standard clinical chemical methods; the situation is far worse in this 6eld 
than in other fìelds of chemical analysis (1,6.8). 

If the analysts want to improve their work, they must establish national 
and international committees for the selection of accurate and precise stan­
dard methods, and they must encourage systematic adoption of such methods 
in the clinical laboratories. In the meantime, the use of contro! sera as 
biological reference will somctimes be usefuJ to facilitate comparison of 
r csults: the values assigned by selected reference methods to a control serum 
may be uscd, at ]cast in some cases, to convert the results in t erms of a selected 
standard method. 

Normal values 

An improved analytical performance will certainJy lead, among 
otber things, to a more reliable assessment of normal values and 
ranges by different methods (9-13). This 
problem is beyond the scope of this 
paper: l shall only stress the need 
for sampling normal subjects from a 
truly homogeneous (unimodal) referen· 
ce population since this r cquircment 
is esseutial for assessing normal va­
luca. 

However, such a r equirement is 
not easily met because within a so· 
called « normal» population there may 
be groups with a hidden, subcliuical 
pathological coudition (abnormal sub· 
jects). As a consequence, abnormal 
values may inadvertently be included 
in the « uormal» range. 

In case of a bimodal distribution, 
a minor (abuormal) component may 
rcmain hidden in the right-hand tail 
of the distribution diagram: this is 
shown in Fig. 4a; other distributions 
with multiple componente are illustrated 
in Figa. 4b and 4c. One can easily see 
that tbc presence of abnormal com· 

a) 
.,. 
30 20· 49 years 

20 

10 

mg •t. 

b) i 
::1 J1:"" 

c ) 
30 

20 

IO 

100 150 200 2 50 300 mg•t. 

> 65 years 

This goussian compon•nt 
mighf indicate "normality" 

F ig. 4 . - Serum cholest erol levels: freq· 
uency distrihution in diff-
erent age groups, with mul­
Liple gaussian componente . 
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ponents within the r eference population leads to ab normali y broad « normal » 
limiti; as shown in the diagram of Fig. 5, this may greatly reduce the discrim­
inating power of a given biochemical parameter. If the reference popula· 
tion includes subclinical pathological members (abnormal), the total frequency 

G= Gaussian curve 
-, / (norma l+ abnormal compon~nts) 

o;6"\., 

/;/ \' 

0 1

1 

o\, N~IA discriminant 
' \ 

' o, 
,' \ p97.5 

LN=Normals , l o l o' 

j/ 0.. 
O l ' 

l ' o~" O...An'o.....,o o_, ......... -o 

Fig. S. - Interierence of abnormal components in a « normab refcrence 
population. 

o = Observed frequency distribution. 

An = Abnormal cases = minor gaussian component. 

A change in the size of the abnormal componcnt «An» will lead 
to a shift in the position of NfP and of P.,.,, while the position 
of NfA will remain the same. 

curve will be an artifact, and it would be misleading to describe it in terms 
of « lognormal distribution » of n or mal values, or to cut off percentiles from 
the assembled data. 

As shown by some investigators (14,1b) we may often split by statistical 
analysis a mixed series into gaussian componente: one of these components 
indicates the truly « normal» suhjects and gives narrower limits for thu 
normal range. This may allow a better discrimination between norma! 
and abnormal results, and increase the diagnostic value of the analyses. 

A generai outline of the above mentioned component e of tbc variabili t y 
of laboratory results is reported in Table l. 

To sum up, the analyst can take the following steps to improve the 
performance of bis laboratory: 

l) Assaying the daiJy reference standards at least in duplicate; 
2) Adopting a standard analytical method, characterized by an ade· 

quate precision, stability, and accuraey: or at least, comparing from rime 

À nn. lat. Sup.,-. Son{t4 (1971) 7, 2.31- 243 
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t o time the analytical r esults given by the method in current use with those 
of a standard analytical method; 

3) Estimating the con.fìdence limits of new methods, using the values 
of imprecision (C V within runs) increased by 20-40% according to thc 
number of assays of r eference standards; 

4) Assessing the imprecision and inaccuracy of analyses by assaying 
a biologica! contro! spccimen in duplicate every day, and by r ecording 
the analytical differences, as well as the daily average values, on a chart. 

I also hope that in the near future the preparation and use of officially 
controlled biologica} reference materials will assist the analyst in his daily 
etfort to reduce analytical errors and to decrease the variahility of results 
« between days » and « between laboratories». 

Summary. - Mter a brief, generai introduction on the variability in 
the various types of laboratory tests and on the statistica! frequency distri­
butions to be utilized for its evaluation, the author emphasizes the funda­
mental distinction between casual and systematic errors. The attention 
is focused on thc situation existing in the field of clinical chemical 
·analyses. 

The possible sources of casual and systematic errore (that is imprecision 
and inaccuracy, r espectively) are briefly examined. In particular, on the 
hasis of the real magnitude of the whole variability resulting from the 
analytical inquiries, the following problema are considered from a statistica! 
standpoint: 

a) Clear evaluation of the incidence of casual and systematic errors, 
in the whole, an d within each laboratory. 

b) Contro! of the sources of error, that is evaluation and correction 
of their effects. 

Tbc statistica! basis of « quality contro!» is illustrated, and methods 
for the prepa.ration of «contro] charts» are discussed. 

Finally , the problem of evaluation and correction of variability among 
ditferent laboratories is examined, considering such problema as methods 
of analysis, choice of r eference standards and definition of « normal values». 

Riassunto (Considerazioni statistiche sulla variabiliuì dei risultati ana­
litici). - Dopo una breve premessa generale sulla variabilità nei vari tipi 
di esami di laboratorio e sulle distribuzioni statistiche di frequenza cui si 
deve fare riferimento per valutaria, si sottolinea la fondamentale distinzione 
fra errori casuali e sistematici, e, per questi ultimi, si considera in particolare 
la situazione nel campo delle analisi chimico-cliniche. 

Si esaminano brevemente le possibili fonti di errori casuali e sistematici 
(ovvero di imprecisione ed inaccuratezza) . In particolare, sulla base della 

A nn. h t. SupcT. Santt4 (1971) 7, 2S1-2tS 
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effettiva consistenza della variabilità globale quale è risultata dalle inchieste 
analitiche, si considera sotto l'aspetto statistico il problema di; 

a) valutare distintamente, nel complesso e per ciascun laboratorio, 
l'entità degli errori casuali e sistematici; 

b) controllare le fonti di errore, ovvero valutarne e correggerne gli 
effetti. 

Si illustrano i presupposti statistici sui quali si basa il « controllo di 
qualità» e si discutono le modalità pratiche per la messa a punto delle« carte 
di controllo». 

Si esamina infine il problema della stima e della correzione della varia­
bilità tra laboratori diversi, in relazione ai metodi d'analisi, alla scelta degli 
s tandard di riferimento ed alla definizione dei «valori normali». 
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Confidence limits of laboratory data and normal values 

D. B. TONKS 
Divi3ion of Clinical Chemi$try, Montreal General Hoapital and Faculty of Medicine, McGill 

Univenity, Monereal, Canada 

There are two types of « confidence limits» to which I wish to refer 
in this discussion. One of these is not a confìdence limit in the true sense, 
however; this type l call « allowable limits of error», by which I mean desi­
rable error limits within which we should try to operate in our analytical 
procedures. The other is the usual type of statistica} limits based on stan­
dard deviations calculated from laboratory data. Rather than using the 
term standard deviation, however, I prefer the companion term coefficient 
of variation since it is preferable to express the data as percentages rather 
than in concentration units. 

The quality of clinicallaboratory data varies widely from laboratory to 
laboratory. Three of the principal r easons for this variability are the following: 

(a) Only a relatively few directors insist on great accuracy ancl 
precision, and collect proper data for their evaluation. Most directors do not 
give adeguate consideration to the measurement an d contro l of these factor . 

(b) Methods of analysis of course vary greatly, and each one has a 
different precision and accuracy. 

(c) A generally-accepted list of allowable limits of error, based on cli­
nica! considerations, is not available. No recognized group of physicians or cli­
nica! chemists has decided , for example, that fora serum amylase estimation 
to be clinically useful, it must be within lO % or 20%, say, of the true value. 

Some clinica! chemists, e. g. Campbell and Annan (1), bave stated 
that it may be too early to defìne « allowable limits of error» in clinica! 
chemistry, suggesting that such limits cannot be properly delineated in thc 
present imperfect state of medicai knowledge. This seems to me to be 
too pessimistic a view. In any case, I doubt whether we will evcr reach a 
« perfect state» of knowledge and I feel strongly that we should try to solvc 
this problem now. 

Most laboratories to-day have an internai quality control system, but 
in many cases this is not being· applied propcrly because performance stan­
dards or specifications have not been established beforehand. Regardlcss 

A nn. lat. Suver. Sanito). (1971) 7, 2U-2~6 
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of tbe widtb of tbe contro! limits obtained by estimating tbe standard 
d eviation (2 or 3 standard deviations are usually used as contro! limits), 
the r esults are con sidercd to be fu.Uy acceptable as long as tbe method is 
« in contro!», tbat is, operates within tbese locally-establisbed limits. But 
tbc se limits may b e far too wide for the test t o be clinically useful. U nless 
tbey fall within previously-selected « allowable limits of error», quality 
control cannot be considered to be effective or adequate. 

In my laboratories, for all metbods controlled by our quality control 
system , tbc basic operating ru.le is as follows: 

« A test must b e pcrformed in sucb a way tbat tbc working contro! 
limits of :L 2 X tbe coefficient of variation ( ± 2 C.V.) for a method sbotùd 
n ot b e wider tban allowable limits of error previously decided upon as 
b eing acceptable for tbe metbod ». 

The total error of eacb analytical metbod of course includes the compo­
nent crrors of both accuracy :md precision. In this discussion wc will be 
concerned primarily witb prccision, and will assume tbat the metbods 
cbosen are accurate enougb for tbeir intended. purpose, and tbat any mcthod 
bias is compensated for by the establishment of a propor norma! range. 

Since tbc primary purpose of a clinical laboratory t est is to serve as 
a diagnostic aid, it must be sufficiently precise to enable us to differentiate 
between normal and abnormal v alucs in patients. Often the physician 
must take a decision about a v alue wbicb is at a bordcrline of tbe norma! 
rauge. I s it truly an abnormal r csult or is it simply a high or low norma! 
value? This type of decision is r cquired more frequently to-day b ecause 
of mass screcning programs. 

If errors of ± 10 % occur quite often when estimating scrum calcium 
(norma! range 9- 11 mg/100 ml), it is obvious tbat one cannot bope to diffe­
r entia te consistently between a value ()f lO. 5, wbicb is well inside tbc normal 
range, and a value of 11.2 wbicb is significantly above norma!, s ince tbe 
10 % error ranges would be 9 .45 to l1.55, and 10.1 to 12 .3 , respcctivelly. 
Ther e i:~ considerable overlapping bere, and tbis situation is illustrated by 
F ig. l , in which tbe triangles ar e used to s imulate tbe distribution curves 
of the values wbicb would be obtained by r r pcatcd estimatìons of calcium 
in the two samples. Diagram No. l in F ig. l sbows tbe extensive overlap­
pìng which occurs when the m etbod is operating within ± l O % limits . 
More appropriate limits, and those usually specified for calcium estimations , 
are ± 5 %· Diagram No.2 shows t hat in this case tber e is s tili some over­
lapping but mucb lcss than with tbe ± lO % limits. In order to eliminate 
overlapping cntircly tbc method would bave t o operate within ± 3 % 
limits, as illustra teci in Diagram No. 3 of Fig. l. I t is obvious that when 
d eciding upon allowable limits of error (A.L.E.) for a method, particular 
consideration must be given to its range of normal values. 

A nn. lat. SuD er. Sanità (1971) 7, ~H-256 
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The type of diagram presented in Fig. l could be extended to cover 
the entire range of usefulness of a test. By using a computer to plot accura­
tely the many distrihution curves involved, the relative sizes of the common 
or overlapping areas could be estimated exactly for various concentration 
levels an d A.L.E. values. This information would assist us greatly when tryiog 
to decide upon appropriate allowable limits of error for an analytical method. 

SERUM CALCIUM: 2sarnples of value 10.5 &. 11 .2 mgjlOOml 
Normal ronae: 9 .0-11.0mgf100ml 

No. l A.L.E. t 10% 

No.2 A.L.E. tS % No.3 A.L.E. t 3-% 

12 12 

Fig. l. - Diagrams sho'~~>ing overlapping of reaults which can occnr 
with various allowable limite of error. 

In 1958 the author proposed (2) a generai ru.le or formula for estahlishing 
allowable limita of error for clinica! chemistry estimations, to be used ini­
tially for a proficiency study of 170 Canadian lahoratories (3) . lt was hased 
on the proposition that in order to distinguish between normal and abnor­
mal values at the horderlines of the normal range, the allowahle limits of 
error in concentration unita must not be greater than J4 of this range. On 
this basis, the following empirical formula was established for calculating 
maximum allowahle limits of error: 

A.L.E. (in 0;{ ) = ± 'l4 (normal range) X 100. 
0 mean of n or mal r ange 

For example for serum chloride, normal range 98-108 mEg/1, 

A L E - ± Y4 (108- 98) 10 2 4 0 / . . . - 103 x o = ± . /\) 

A nn. l at. Supe'l'. Sanitd (1971) 7, 24'"'260 
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The factor of Y4 was cbosen by taking into consideration tbe desired 
relationship between tbe widths of the norma! ranges and tbe r equired 
clinica} sensitivities of a numbcr of common estimations. (H ere by sensi­
tivity I mean tbe ability of a m etbod to differentiatc between two concen­
trations which are quite close to eacb other but nevertheless bave different 
clinica! signifìcances). 

Otber numerica} fact ors of cotrrse can be uscd in tbe formula, which 
could be tbus adapted for different es timations. Tbe effect of cbanging tbe 
factor , and tbus tbe specified ·allowable limita of error, is illust rated in 
F ig. 2. With a factor of Yz tbc l imits of ± 25 % are actually wider tban the 

Fig. 2. - E ffect of using 
different f actors 
in the Tonks 
formula . 

Blood GlucoM - Value 90mg/ 100ml. 

FACTOR 1/2 1/-4 

Cakulated A.L. E. t 25 " t 12.5 " 

Range of valvea _,Id be: 68-112 79-101 

1/2 

60 70 80 90 10 
1- NORMAL RANGE-1 

1/ 5 

t 10 % 

81-99 

l 
no 

normal range - tbis of course would be entirely unacceptablc. Witb a 
factor of l /4 or l fS, tbe limit s of ± 12.5 % and ± l O%, respectively, 
encompass about half of the normal range, making it possihlc to differcnt iate 
betwecn some nor mal and abnormal values. One should realize of course 
that tbe distribution of valucs would be beaviest at tbc ccnter (tbat is, a t 
value 90) following tbe usual distribution curve patterns. 

F or tbe proficiency s tudy of Canadian clinica! laboratorics r eferred to 
above, it was specifìcd tbat tbe A.L.E. metbod sbotùd not exceed ± l O %· 
A lis t of allowable limits of error was thus established, as listed in Table l . 
The values obtained in the survey were classifìed as accep table or unac· 
cep table, depending upon wbether they fell within or without the accep tahlc 
range: target value ± A.L.E. Table l gives thc perccntage of unacceptable 
results for each estimation and sample. ~o serious obj ections wer e ever 
made to the criteria of acccptability uscd for this survey even though the 
study bas been referred t o man y times. In fact , very similar limits bave 
been used for severa! otber profjcicncy stud.ies . 

• 4 n n. I st. S«pcr. Sanità (1971) 7, 244- 256 
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TABLE l 

1960 survey of Canadian laboratories 
Percentage of unacceptable values for the various determinations 

--
Tucn '-'A.LUU % U:<ACCZP~ADU: 

COl!PONJ,.NT A. L. E. 

l l SJ>tt. A Speo. D Spte. A Spec. IJ 

Glucose (tot. red. eubs.) . l ± 10% l 100 l 220 l 27.2 l 19 . l 

l 
Glucoae (true) . l ± lO% l 86 l 197 l 34.2 l 20.0 

InoTg. P. l ± 10% l 3.7 l 8.0 l 22 .0 l 22. 4 

Protein . l ± 7.0% l 6.9 l 4.4 l 40.0 l 71. 5 

Sodium. l ± 2.0% l 139 l 126 l 53.5 l 53.7 

Chloride l ± 1.8% l 102 l 89 l 41.8 l 75.0 

Urea N. l ± 10% l 12 .1 l 29 .5 l 55.0 l 47 .6 

NPN . . l ± 10% l 27 l 47 l 74.5 l 47 .1 
-

AvERAGE . • l - l - l - l 43.6% l 44 .6% 

Chole11terol 

l l l l (S & S method) . ± 10% - 90 - 39.0 

(FeCl3 metbod) l ± 10% l - l 103 l - l 53. 9 

(Bioor method) l ± lO% l - l 106 l - l 80 .5 

(Direct L-B) . l ± 10% l - l 106 l - l 83.5 
-~ 

AvERAGE .. l - l - l - l - l 61.7% 
-

The formula is now used in my laboratories to calculate allowable 
limits of error for use as preliminary controllimits for methods being brought 
into our quality contro! program. Only after a method has been operating 
within these preliminary controllimits for some tim.e, with the control values 
plotted on the control chart beiog evenly distributed about the zero line, 
and 31-40 valid, consecutive control values bave been obtained, is the 
coefficient of variation calculated. From this point on, ± 2 C.V. limits 
are used to contro} the method, with the proviso, however, that they must 
fall within the allowahle limite of error previously selected. Considerahle 

A nn. l at. Supe1'. Sanità (1971) 1, 2U-266 
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time, even several months, is sometim.es required before the statistica} 
limita can be properly estim.ated. During this tim.e, the A.L.E. for the 
method can serve usefuJly as operating contro! lim.its for quality control 
purposes. 

After experience has been gained with the method, and severa! bi­
monthly calculations of the coefficient of variation have been made, thc 
allowable limits of error may be adjusted to a more practical or desirablc 
levcl. Adjustments have in fact been made to a considerable nwnber of 
our A.L.E.'s: 

(a) It is now r ealized that with a number of tests, chicfly the enzyme 
procedurcs, a prccision of ± lO % is attainable in only a very few labora­
tories. Therefore, it is now recommended by the author (4) that the maxi­
mum A.L.E. for any t est be ± 20 %, rather than ± 10 % as originally 
proposed. 

(b) Comparisons between the allowable limits calculated by the for· 
mula and ± 2 C.V. values estimated from laboratory data, have indicated 
that sodium, chloride, and calcium analyses are seldom performed well 
enough to operate within thc former limits (i. c. the A.L.E. calculated by 
formula, namcly ± 2. 3 %, ± 2 . 4 %, an d ± 5 %, rcspectively). These 
have therefore becn adjusted upwards to ± 4 %, ± 4 % , and ± 6 % 
r espectively, so that they conform more closcly to the actual working limits 
uscd in our laboratories and others. However, it is apparent that tbese 
adjusted limits are too wide for the tests to have a true clinica} signifìcance 
when single analyses only are pcrformed. 

(c) It has been possible to lower the allowable limits of error for a 
number of tests. For example, thc calculated A.L.E. of ± 17 % which 
was used for a considerable length of time for urca estimations, has now 
heen adjusted to ± 12 %· 

Table 2 lists our prcsently-rccommcnded allowable limits of crror for 
a number of common estimations, and compar es them with those calculated 
by thc formula. It is not the comparisons, however, that I wish to empha­
sizc, hut rathcr the recommended A.L.E. values themsclves, which are 
based on two years of precision mcasuremcnts from our quality control 
program. The data for these estimations wcre ali obtaincd from our quality 
contro! program, using multiple unknown contro! samples prepared by our 
quality control chemist. The analyses wcre performed by severa! technolo­
gists by the r egular methods, siogly, one per day, on many days during a 
period of at leas t 12 months. All values obtained were included exccpt 
those grossly in error (exceeding 3 C.V.). Tbe concentration levels of thc 
control samples wcre usually within or close to tbc normal range (except for 
bilirubin, acid phosphatase, and creatinine cstimations where higher lcvels 
were used). 

A. nn. 13t. Suver. Sanità (1911) 1, 244- 25G 
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TABLE 2 

Allowable limits of error for a number of common estimations 

A. L. E. o/o 
Adjuned 

SERUK TESTS calelllated by 
Formula 

A. L. E. % 

Class I 

Bicarbonate ± 8 .8 
P .B .I . ± 17.0 No 
Potassium . ± 8.8 adjustment 
Proteio, total . ± 7.0 

Class II (Raised) 

Calcium ± 5.0 6 .0 
Chloride . ± 2.4 4 .0 
Sodium ± 2. 3 4 .0 

Clau III (Lowered) 

Bilirubin (A.A.) * ± 33 ± 10 
Cholesterol (A.A.) ± 17 ± 10 
Creatinine (A.A.) . ± 25 ± lO 

Glucose ± 12 ± 10 
Phosphorus ± 14 ± 10 
Uric acid ± 20 ± 10 

Urea N ± 17.0 ± 12 

Amylase (vnn Loon el al.) ± 26 ± 20 
L.D.H. (A.A.) ± 21 ± 20 
Phosphntase, aci d ± 30 ± 20 
Phosphatase, alk. (K.A.) ± 31 ± 20 
SGOT (A.A.) . ± 30 ± 2o _ _l 

• AutoAoalyaer. Resiatered tudemark of Teebnicoo. 

A brief description (*) of our quality control program will help to clarify 
some of the above points. In this program, two separate control systems 
are actually run in parallel. For one syst em there is used a single, very 
large lot of contro! serum having values known to the analyst s (usually 
called a« bench» contro!). This system is administered by the t echnicians 
themselves. For the other, at least 4 smalllots (at a t ime) of control serums 
whose values are not known to the analysts, are used. The Jatter system is 
administered by a special quality contro! chemist undcr the author's direction. 

(•) Full details are provided in another publication of the author (6
). 

A nn. I1t. Supe1'. Sanit4 (1971) 7, 2«-266 
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Each method placed under the program is treated according to an esta· 
blished pian, which is as follows: 

l. First the metkod itself is studied in the laboratory and by refer· 
ring to pertinent articles concerning it. An official technique is decided 
upon, and a detailed description prepared. A preliminary test of precision 
is made by running a few samples in duplicate or triplicate on three days; 
and if this is satisfactory, the accuracy of the method and the normal range 
are verified. lf there are no obvious faults in the method, it will now be 
introduced into the laboratory for actual use. These s tudies of the method 
are considered to be part of the quality contro! progl'Qm. 

2. Next, the necessary preliminary preparations are made for plac­
ing the method under quality contro!: 

Suitable control samples, « known » and « unknown », are obtained 
or prepared, and a schedule for their daily use is established. The necessary 
forms and control charts are readied. V alues for the contro! samples are 
verified or established in the fìrst IO days of r egular operation, but these 
values may be changed somewhat later when the t echnicians bave gained 
more experience with the method. 

At this initial stage, Type A contro! charts (see Fig. 3) are u.sed for 
both types of controls . The % error of each contro! value is plotted on the 

HST: lliiOI GUKOSf MOIITN : JUI.Y IMI 

+2t 

+IO 

- lO 

• 17 141 16 2324 21'27212931 
DA TE Of IIIOIITM 

F ig . 3. - Quality control chart Type A. 

A nn. Itt. Sul)eT. SanitA (1971) 7, 2''-266 
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Fig. 4 . - A daily record form for quality contro!. 

appropriate chart. The allowable limite of error (A.L.E.), calculated by 
the above formula if the method is a new type, are used as control limits. 
But only the chart for « known» controls is posted in the laboratory since 
plotting the values for the « unknown » controls would make i t possible 
for the technician to calculate backwards from the plotted points to obtain 
their values. 

3. Quality contro! is now started. The contro! samples are analysed 
each day along with the patients' specimens, and the % error of each contro! 
result is plotted on the appropriate chart. If the control values fall outeide 
of the limite, the necessary corrective action is taken. When the me­
thod ie operating regularly within the A.L.E., or ie working as well ae 
possible; and at least 31 valid control reeults bave been obtained for 
the unknown controls, the coefficient of variation is calculated from 
these valuee. 

4 . N o w, for the « unknown » controls, an acceptable range ( ± l C.V.), 
and warning ranges (± l C.V. to ± 2 C.V.) are calculated in t erme of 
concentration unite, andare typed on the appropriate form shown in Fig. 4 . 
One of these forms is posted each day on the bulletin board in the 

A nn. 1st. Suver. So.nltà (1971) 7, 24'-260 
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lahoratory and the daily control values are marked on it by the analysts 
as soon as ohtained. 

For the « unknown» controls, a Type B contro! chart, shown in Fig. 5, 
ts now posted in the laboratory. The % error of the daily contro} value 
is plotted each day by the quality contro! chemist. ~o units ar e marked 
on this chart - only lines r epresenting the C.V. limits. (These lines are 
placed on the chart w ben i t is printed). The % error values are plotted 
approximately «by eye». This one type of printed chart, which is designed 
specifìcally to preserve the anonymity of the unknown control values, can 
be used for all t ests regardless of the concentration levels of the contro} and 
the width of the contro} limita. For most mcthods, we usc the ± 2 C.V. 
Iines as the « action» control limits. Any point outside of these lines is 
considcreù to be « outside-limits ». 

5 . E very two months during the fir st year at least, the coefficient 
of variation is r e-calculatecl from the pas t 2 months data for the unknown 

TEST: SERUM CA lCIUM MONTH : APRil 1967 
f fino l chort for1\,.nlcnown" control sompJes ) 

out!!~t•ol +J c.v. 
+J(Y. - ----------- ------- ---- - ------------- ----------

~ :·:: -----------n--------------------:2!:~ -
l o / 
l 

~ - C.V. (JW.) 

- H.V. 
- 2U ---------------------------------- - ------ ------

- 3 c.v. 
- 3 C.V.---------------- - - -----------------------------

l 2 3 4 S 6 7 8 9 IO 11 12 13 14 ll 16 17 18 19 20 21 22 23 24 2l 26 27 28 2 30 31 
DA H OF MONTH 

Fig. 5. - Quality control chart Type B. 

control samples . A comparison is made each time, using the printed form 
shown in Fig. 6, between the newly-calculated 2 C. V. valuc ancl the originai 
allowable limits of error (A.L.E.). Some figures in the 2 C. V. column of 
the table ure circled to indicate that the method had not been sufficienùy 
precise or accurate in the period in qucsti011. 

A 6 months' average of the coefficicnt of variations is used to adjust 
the working controllimits, that is, t he 2 C.V. limits on the contro} chart. 

.~n n. lst. Sttper. S«nità (1971) 7, 2H- 25 
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A twelve months' average is used as a basis for changing the originai allowa­
ble limita of error, if this seems to be warranted from practical considerations 
and provided the method will retain its clinicai usefulness when operating 
within the proposed new limits. 

O.C. PONt 4 

Il :ft?!I1ILX ty*W' llllf- l9! W, D fr! Yu ro l'l'l 

lnt:• ft"PS -.u ~ ..... p c. v . . ... ~ . aATUIO, 

C~ftl 

'fWC8, 
u•• or VJWa ..-. , ._ ....... -· ,. 

u::;,. f. 
1••-"' ' ...... .. ....- -&71: jj 

" '~. 

Fig. 6. - A bi-monthly aummary record form for quality control. 

Thus, two kinds of « con6dence» limita are 6nally arrived a t for each 
method: 

(a) Allowable limita of enor, which bave now becomc long-term, 
desirable limita, and 

(b) 2 C. V. limita, which are tbc r egolar, working, statistica} contro] 
limita for tbe method. 

In Table 3 these two types of limite are compared with data provided 
by Straumfjord and Copeland (6) in a survey of U. S. University Hospitais, 
and with confidence limita used at tbe University of Minneaota Hoapital 
in 1966 (1). The values for the two hospitals, Montreai Generai Hospital 
and University of Minnesota, were compared witb the otber data in tbc 
tables and classi6ed as Satisfactory (S), Unsatisfactory (U), or Good (G). 
The former bospital bas been given two« U» ratings for amylase and aodium; 
the latter o ne « U » rating for creatinine. 

lt is pertinent to this discusaion to mention the allowable limita calcu· 
lated from individuai norma! ranges by the Japanese clinica! cbemist, M. 
Kitamura (B). He studied, for a numb,er of serum components, the pbysio­
logical variations whicb occurred in 200 individuale, and tbus obtained indi­
viduai normai ranges. From these individuai normale, which bave about 
half the range of the generai population normale, be caiculated allowablc 
limita of error by the author'a formula. These are given in Table 4 and are 

A nn. lft. Suver . Sanità (1971) 7, 2H-26 f. 
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TABLE 3 

Method perfonnance comparisons using the coefficient of variation 

A. L. E. MON'T1li!AL CE"<BLU. Urnv. o r Ml.'II<UOTA u.s. UKJV. 

(Tonks) 
HosPJT<lL (1967) H o&PITAL (1966) }I08P!. ( ' ) 

TEST adjwted 
IRating • IRating • = 2 c.v. ± 2C.V. "- 2C.V. 

±% ±% ±% +% 

l 
A.mylase. 20 31.3 u 16.7 s 16.2 
Bilirubin IO 9.3 s 8.9 G 15.2 
Calcium 6.0 6.1 s 5.0 s 6 .6 
Chloride . 4.0 3.8 s 2.2 s 2.0 . 
Cholesterol IO 5.6 s 5.0 s 10.2 
Creatinine IO 7.4 G 11.2 u 15.6 
Glucose 10 5.2 s 6.0 s 6.2 
LDH 20 17.4 s 6.0 G -

Phosphatase, acid 20 14.8 s 10.2 s l -
Phosphatase, alk. 20 18.0 s 15.4 s 21.2 
Phosphorus, inorg. 10 8.1 s 5.6 G 9.8 
Potassium (A. A.) 8.8 6.7 s 4.0 s 5.0 
Potassium (Man) 8.8 4.2 s - - l -

Protein (TP) . 7 .0 4.2 s 4.5 s l 
5 . 2 

Sodium (A. A.) . 4 .0 4.1 u 2.4 s 2.2 
Sodium (Man) 4.0 2.8 s - - -
Urea N .. 12 11 .4 s 8.2 G 11.6 
Uric acid 10 9 .6 s 6.1 s 5.5 
SGOT. 20 15 .9 s - - 23.6 

* S = Satisfactory; U = Unsatisfactory; G = Good. 

TABLE 4 

Kitamura 's limita for individuai normals 

C:ONSTITUENT A.L.E. (2 C.V.) l CO:'ISTITUENT l A.L.E. (2 C.V.) 

l l 

Sodium ± 1.6% Urea N l ± 11.6% 
Potassium ± 5. 0% Uric acid . ± 6.4% 
Calcium ± 3.4% Chole; tero1 (tot.) ± 5.0% 
Chloride ± 1.8% Phosphatase (nlk.) . ± 9.2% 
Phosphorus, inorg. ± lOA% SGOT ± 15.2% 
Protein, total . ± 3.6% Amylase 9.0% 
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of coursc considerahly narrower than thosc calculated from generai popula­
tion normals. Kitamura has thus pointed out very well that t he precision 
of many of our methods will have to be improved if we are to b e able to u se 
individuai normal ranges as a basis for the diagnosis of disease. 

Summary. - One of the essentials for clinica! laboratory data is that 
they be sufficiently precise to d.ifferentiate between concentrations which 
are in the norma] rangc and those which fall just outside of this raugc. 
This obviously cannot b e done if the coefficient of variation is very large in 
relation to the width of th e n ormal range. A u seful rule-of-thumb is that 
allowahle limits of error should not exceed % of the normal range. The 
application of this rule to a quality control system is discussed; and a com­
parison i s made betwcen limits establisheò from the rule and by statis tica! 
calculations from actual laboratory data. The quality contro] system used 
by the author i s dcscribed briefly . 

Riassunto (Limiti fiduciari delle analisi di laboratorio e loro rapporto 
con i valori normali). - I dati del laboratorio clinico debbono avere una 
precisione sufficien te per differenziare le concentrazioni normali dalle con­
centrazioni appena al di fuori della norma. Ovviamente, ciò si può ottenere 
solo se il coefficiente di variazione del metodo non è eccessivo in rapporto 
all'ampiezza dell'intervallo normale. Un'utile r egola approssimativa è che 
i limiti di er rore non oltrepassino % d ell' intervallo n ormale. Si discute 
l' applicazione di questa r egola ad un sistema di controllo di qualità; si 
confrontano inoltre i limiti s tabiliti m ediante questa r egola con quelli cal­
colati s tatis ticam ente in base ai dati r eali ottenuti in laboratorio. Si descrive 
infine brevemente il sistema di controllo d i qualità impiegato nel laboratorio 
dell' autore. 
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