Kratki pregledni clanak

Short review

Primjena bioloske varijacije - pregledni ¢lanak

Application of biological variation - a review

Carmen Ricés'2, Carmen Perich'3, Joana Minchinela'#, Virtudes Alvarez'5, Margarita Simén'$, Carmen Biosca'”,
Marivi Doménech'8, Pilar Fernandez'?, Carlos-Victor Jiménez'#, José Vicente Garcia-Lario"'%, Fernando Cava'"!

1 Odbor za analiti¢ku kvalitetu, Spanjolsko drustvo za klini¢ku biokemiju i molekularnu patologiju (SEQC), Spanjolska

! Analytical Quality Committee, Spanish Society of Clinical Biochemistry and Molecular Pathology (SEQC), Spain

2 Zavod za laboratorijsku dijagnostiku, Klini¢ka bolnica Vall d’Hebron, Barcelona, Spanjolska

2 Laboratory Department, University Hospital Vall d’Hebron, Barcelona, Spain

3 Zavod za laboratorijsku dijagnostiku, Op¢a bolnica Bon Pastor, Barcelona, Spanjolska

3 Laboratory Department, Primary Care Center Bon Pastor, Barcelona, Spain

4 Zavod za laboratorijsku dijagnostiku, Op¢a bolnica Barcelonés Nord, Badalona, Spanjolska

“4Laboratory Department, Primary Care Center Barcelonés Nord, Badalona, Spain

5 Zavod za laboratorijsku dijagnostiku, Op¢a bolnica Hospitalet, Hospitalet, Spanjolska

5Laboratory Department, Primary Care Center Hospitalet, Hospitalet, Spain

6 Zavod za laboratorijsku dijagnostiku, Op¢a bolnica Anoia, Vilafranca del Penedés, Spanjolska

6Laboratory Department, Hospital Anoia, Vilafranca del Penedés, Spain

7 Zavod za laboratorijsku dijagnostiku, Opéa bolnica Germans Trias i Pujol, Badalona, Spanjolska

7 Laboratory Department, Hospital Germans Trias i Pujol, Badalona, Spain

8 Zavod za laboratorijsku dijagnostiku, Op¢a bolnica Manso, Barcelona, Spanjolska

8 Laboratory Department, Primary Care Center Manso, Barcelona, Spain
9 Zavod za biokemiju, Op¢a bolnica La Paz, Madrid, Spanjolska
9 Biochemistry Department, Hospital La Paz, Madrid, Spain

10 Zavod za laboratorijsku dijagnostiku, Klini¢ka bolnica Virgen de las Nieves, Granada, Spanjolska

0 aboratory Department, University Hospital Virgen de las Nieves, Granada, Spain

11 Zavod za laboratorijsku dijagnostiku, Op¢a bolnica Alcorcén Foundation, Madrid, Spanjolska

" Laboratory Department, Hospital Alcorcon Foundation, Madrid, Spain

SaZetak

Ovaj rad sadrZi opseZan pregled sastavnica bioloske varijacije (BV), tj. intrain-
dividualne (nasumicna fluktuacija analita oko osnovne vrijednosti svakog po-
jedinca) i interindividualne (ukupna varijacija od osnovnih vrijednosti razlici-
tih osoba) varijacije, zatim ukratko obja3njava procjenu veli¢ine intraindivi-
dualne i interindividualne BV u zdravih i oboljelih ispitanika, podrobno obra-
duje osam sloZenijih primjena procjena BV, te govori o zanimljivim detaljima
koji izazivaju najvise rasprava.

Cilj rada je raspraviti kako pomocu danasnje tehnologije doi do specifikacija
kvalitete dobivenih na temelju BV u zdravih pojedinaca te u kojim se slucaje-
vima koristiti podacima od oboljelih ispitanika.

Konacno, u radu se promice daljnji razvoj primjene BV, poput upozoravanja
lijecnika o promjenama u bolesnikovu stanju.

Klju¢ne rijeci: bioloska varijacija; specifikacije kvalitete; referentna vrijed-
nost promjene; delta provjera; laboratorijski nalaz
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Abstract

This paper introduces an extensive revision of the types of components of
biological variation (BV), i.e. intraindividual (random fluctuation of analytes
around the setting point of each individual) and interindividual (overall va-
riation from the different person’s setting point), briefly explains estimation
of the magnitude of within- and between subject BV in healthy and non-
healthy subjects, details the eight common applications of BV estimates and
discusses the most debated points of interests.

The aim is to discuss how quality specifications derived from BV determined
in healthy individuals are attainable with current technology and in what ca-
ses data from non-healthy subjects should be used.

Finally, the paper promotes further development of BV application, such as
notifying doctors about changes in patient status.
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Uvod

Zivot nije stati¢ko stanje, ve¢ stalna fluktuacija sastavni-
ca bioloskih tekucina. Bioloska varijacija (BV) sastavnica
ljudskog tijela koje se ispituju u laboratorijskoj medicini
(analita) moze se opisati kroz tri razlicite vrste: varijacija
kroz Zivotni vijek, predvidljiva ciklicka varijacija koja po
prirodi moze biti dnevna, mjesecna ili sezonska, te nasu-
mic¢na varijacija. Bioloska varijacija koja se zbiva tijekom
Zivota osobe povezana je s fizioloskim promjenama koje
se odnose na rast, starenje, trudnoc¢u, menopauzu, te dru-
ge normalne okolnosti. Pojava predvidljivih cikli¢kih vari-
jacija ukljucuje sastavnice na koje utjecu vanjski utjecaji
kao sto su svjetlost - mrak ili godi$nje doba, te one cije
otpustanje u krvotok odreduju redoviti vremenski razma-
ci, primjerice otpustanje razli¢itih hormona podrijetlom iz
stanica u krvotok (1). Osim tih vrsti varijacija postoji jedva
zamjetljiva varijacija koja utjece na sve analite, sastoji se
od nasumicne fluktuacije oko osnovne vrijednosti svakog
pojedinca, a poznata je kao intraindividualna bioloska va-
rijacija. Osnovna vrijednost moze se kod svake osobe raz-
likovati od takvih vrijednosti drugih osoba, a ukupna va-
rijacija koja nastaje iz te razlike poznata je kao interindivi-
dualna bioloska varijacija (2).
U laboratorijskoj medicini, znanosti koja mjeri sastavni-
ce zivih organizama, od presudne je vaznosti za pruzanje
pouzdanih rezultata uzeti u obzir pojam bioloske varija-
cije. Svaki ¢in mjerenja u sebi sadrzi odredeni stupanj va-
rijabilnosti. Kod laboratorijskih mjerenja postoji poten-
cijalna varijabilnost u prikupljanju uzoraka, prenosenju i
pohrani uzoraka, pripremi reagencija, odrzavanju instru-
menata, vrsti metode i sl., a u medicinskim laboratorijima
postoji dodatna i neizbjezna varijacija sadrzana u biolos-
kom uzorku. Radi dobivanja pouzdanih rezultata sve je iz-
vore varijacije potrebno svesti na najmanju mogucu mje-
ru, a to je moguce kod svih srodnih laboratorijskih proce-
sa osim karakteristi¢ne varijacije uzorka. Zato se postavlja
pitanje $to mozemo uciniti? Nuzno je savrSeno procijeniti
sastavnice bioloske varijacije (inter- i intraindividualne) te
ih adekvatno obraditi tijekom ¢itavog procesa koji vodi
do laboratorijskog nalaza.
Ukratko, procjena veli¢ine intra- i interinvidualne BV izis-
kuje sljedeci postupak (3):
1. Nekoliko se uzoraka dobiva od nekoliko pojedinaca s
poznatim zdravstvenim stanjem.
2. Uzorci se pohranjuju u stabilnim uvjetima do analize.
3. Uzorci se analiziraju i istodobno se odreduje analiticki
CV pomocu kontrolnih materijala ili dvostrukim testi-
ranjem uzorka.
4. Sastavnice varijabilnosti (analiti¢ke, intra- i interindivi-
dualne) odreduju se primjenom analize varijabilnosti
(ANOVA) na dobivenim rezultatima.

Radi osiguranja pouzdanosti procjena BV kod nekoliko je
predanalitickih cimbenika potrebna pomna kontrola. Ako

Application of biological variation - a review

Introduction

Life is not a static condition, but a continuous fluctuation
of the components in biological fluids. The biological va-
riation (BV) of the human body components examined
in laboratory medicine (analytes) can be described as of
three types, namely, variation over the span of life, pre-
dictable cyclical variation that can be daily, monthly or
seasonal in nature, and random variation. The biological
variation occurring over a person’s lifetime is related wi-
th the physiological changes inherent to growth, aging,
pregnancy, menopause, and other normal circumstances.
Predictable cyclical variation occurs in components that
are affected by outside influences such as light-dark or a
season of the year and those whose release to the circu-
lation is dictated by regular time intervals, such as the re-
lease of various hormones of cellular origin to the circula-
ting blood (1). Apart from these types of variations, there
is a subtle variation affecting all analytes which consists
of random fluctuation around the setting point of each
individual, known as the within-subject or intraindividual
biological variation. Each person’s setting point may be
different from another’s, and the overall variation resul-
ting from this difference is known as between-subject or
interindividual biological variation (2).
In laboratory medicine, a science that measures consti-
tuents from living organisms, it is essential to take into
consideration the biological variation concept to provide
reliable results. All acts of measuring have some degree
of inherent variability. In laboratory measurements there
is a potential variability in sample collection, sample tran-
sport and storage, preparation of reagents, maintenance
of instruments, type of method, etc. and in medical labo-
ratories there is additional and inevitable variation inhe-
rent to the biological sample. To obtain reliable results all
the sources of variation should be minimized and this is
possible for all related laboratory processes except the
inherent variation of the sample. So what can we do? We
have to perfectly estimate the components of biological
variation (within-subject and between-subject) and ap-
propriately manage them during the entire process leadi-
ng to the laboratory report.
Briefly, estimation of the magnitude of within- and be-
tween subject BV requires the following procedure (3):
1. A number of samples are obtained from a number of
individuals whose health status is known.

2. Samples are stored in stable conditions until analysis.

3. Samples are analyzed and simultaneously, analytical
CV is determined by control materials or duplicate
sample testing.

4. The components of variance (analytical, within-subje-
ct and between-subject) are determined by analysis
of variance (ANOVA) of obtained results.

To assure the reliability of BV estimates, several preana-
lytical factors require close control. If the subjects stu-
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su ispitanici zdravi pojedinci, tada trebaju zadrzati nor-
malan nacin Zivljenja tijekom prikupljanja uzoraka. Uvjeti
za uzimanje krvi strogo su definirani te se primjenjuju kod
svih ispitanika. Prikupljanje uzoraka treba provoditi zdrav-
stveno-laboratorijski tehnicar u isto doba dana te uz isto
vrijeme podveze Zile i to nakon $to se ispitanik odmorio
nekoliko minuta. Isti se uvjeti primjenjuju kod procjene

BV u osoba koje nisu zdrave (npr. osoba s nekom bolescu,

primatelja presatka) uz dodatni zahtjev da te osobe budu

u stabilnom stanju u okviru svog oboljenja (4,5).

Kad su ti uvjeti ispunjeni, rezultati procjena BV u odras-

lih osoba su sli¢ni bez obzira na razlike medu drugim uk-

lju¢enim cimbenicima. S tehnickog stajalista, vremenski
razmak za uzorkovanje ne smije biti kraci od jednog da-
na medutim, osim ovog ograni¢enja, duljina tog interva-
la je irelevantna (dnevni, tjedni, mjesecni itd.) (6). Broj is-
pitanika i uzoraka nisu od izrazitog znacenja, no moze se
preporuciti uklju¢ivanje barem 10 ispitanika i 5 uzoraka.
Analiticka metoda, instrument i reagensi koji se koriste u
studiji nemaju nikakav u¢inak na procjene BV. Cimbenici
povezani s ispitanikom poput spola, dobi, rase i mjesta
boravka nisu uzrokom promjena u rezultatima (2,7). Sva
ova navedena razmatranja dokazana su u nekoliko studi-
ja u kojima se BV odredivala za brojne analite (8-10). Sve
dosad dostupne procjene BV (za oko 320 analita) prikup-
liene su u bazu podataka koja se obnavlja svake dvije go-
dine (11,12). Takve su informacije ve¢ na raspolaganju za
laboratorijsku uporabu za mnoge uobicajene pretrage.

Unatoc¢ tome, u tom podrucju ima jo$ dosta posla, jer pos-

toji na stotine analita za koje BV jo$ nije odredena te bu-

duce aktivnosti treba usredotociti na te pretrage.

U svakodnevnoj laboratorijskoj praksi BV nalazi osam

glavnih primjena uz svoju iskoristivost u epidemioloskim

studijama:

1. Postavljanje specifikacija kvalitete za analiti¢ki rad.

2. Vrednovanje klinicke vaznosti promjena u uzastopnim
rezultatima pojedinca.

3. Procjena korisnosti populacijski utemeljenih referen-
tnih vrijednosti.

4. Odredivanje optimalnog uzorka (npr. plazma, serum,
24-satna mokraca, prva jutarnja mokraca) za analizu
specifi¢tnog analita.

5. Odabir najbolje pretrage medu nekoliko testova za
specifi¢nu klinicku svrhu (npr. dijagnoza, pracenje).

6. Odabir najinformativnijih jedinica za svaki analit kod
izvjeStavanja o rezultatima.

7. Odredivanje broja analiza potrebnih za homeostatske
osnovne vrijednosti pojedinca.

8. Validacija novih postupaka u laboratoriju.

Biochemia Medica 2009;19(3):250-9
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died are healthy individuals, they should maintain their

normal lifestyle during the time of sample collection.

The conditions for blood extraction are strictly defined

and applied to all subjects. Sample collection should be

performed by the same phlebotomist, at the same time
of day, and with the same tourniquet time, after the sub-
ject has rested for some minutes. These same conditions
are applied when estimating BV for non-healthy persons

(e.g. patients with disease, transplant recipients) with the

additional requirement that they be in a stable condition

within their non-healthy status (4,5).

When these conditions are fulfilled, the results of BV es-

timates in adults are similar regardless of differences in

other intervening factors. From technical viewpoint, the
sampling interval cannot be less than one day, but apart
from this restriction the length of the interval is irrelevant

(daily, weekly, monthly, etc.) (6). The number of subjects

studied and samples taken is not highly important, but

it may be recommended that at least 10 subjects and 5

samples be used. The analytical method, instrument and

reagents used in the study make no difference in BV es-
timates. The factors inherent to the subject, such as sex,
age, race, geographical place of residence, do not pro-
duce changes in results (2,7). These considerations have
been manifested in several studies in which BV was es-
timated for numerous analytes (8-10). All the currently
available estimates of BV (around 320 analytes) have been
compiled in a database which is updated every two years

(11,12). Hence, for many common tests, this information is

already available for laboratory use. Nonetheless, much

work in this line remains as there are hundreds of consti-
tuents for which BV has not yet been estimated. Future
work should focus on these specific tests.

In daily laboratory practice, BV has eight main applicatio-

ns, apart from being useful in epidemiological studies:

1. Setting quality specifications for analytical perfor-
mance.

2. Evaluating the clinical significance of changes in con-
secutive results from an individual.

3. Assessing the usefulness of population-based refe-
rence values.

4. Determining which sample (e.g. plasma, serum, 24-
urine, first-morning urine) is optimal for analyzing a
specific constituent.

5. Selecting the best test among several for a specific
clinical purpose (eg, diagnosis, monitoring).

6. Selecting the most informative units of expression for
each analyte for reporting results.

7. Determining the number of analyses needed to es-
tablish an individual’s homeostatic set point.

8. Validating new procedures in a laboratory.
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Postavljanje specifikacija kvalitete za
analiticki rad

Odredivanje specifikacija kvalitete utemeljenih na intra- i
interindividualnoj BV potvrdeno je Sirom svijeta kao dru-
ga hijerarhijska strategija koja je dogovorena na konfe-
renciji u Stockholmu jer udovoljava opc¢im potrebama
dijagnosticiranja i pracenja (13). Jednostavno receno, za
pojedinca se u svrhu dijagnoze trazi jedna pretraga te
se rezultat usporeduje s populacijski utemeljenim refe-
rentnim intervalom ili grani¢cnom vrijednos¢u; u tom je
slu¢aju za laboratorije klju¢no odrzati razdiobu rezultata
unutar prosjeka te stoga treba na najmanju mjeru svesti
analiticko odstupanje (engl. bias). U svrhu pracéenja izdaju
se uzastopni zahtjevi za pretragom, a glavni izvor labora-
torijske varijacije koju treba svesti na najmanju mogucu
mjeru je analiticka nepreciznost. Stoga specifikacije kvali-
tete, koristene kao granice koje se mogu tolerirati za nep-
reciznost i analiticko odstupanje, imaju jasno prakti¢no
opravdanije i iskoristivost.

Usto, dokazano je da ako se odstupanje (takoder nazvano
sustavhom pogreskom) u laboratorijima koji rade s istom
populacijom odrzi ispod 1/4 zbroja intra- i interindividual-
ne BV, onda se mogu koristiti zajednicki referentni inter-
vali (14); vrijednost tog zbroja smatra se poZeljnim analiti¢-
kim odstupanjem. Kod pracenja bolesnika na rezultat mo-
Ze utjecati slu¢ajna pogreska (engl. hazard error) sa najvise
11% (15,16); rezultirajuca vrijednost smatra se poZeljnom
nepreciznosc¢u. Kod analita s izrazitom homeostatskom
regulacijom i vrlo niskim vrijednostima BV (poput natrija,
klorida, albumina) opce prihvaceno je da se moze primje-
njivati minimum specifikacija kvalitete koje su utemeljene
na vecoj frakciji BV; s druge strane, kod slabo reguliranih
analita s visokom bioloskom varijabilnosti (poput analita
u mokraci, triglicerida, nekoliko enzima itd.) mogu se ko-
ristiti optimalne specifikacije kvalitete dobivene iz frakcija
koje su manje od spomenutih (17).

Vrednovanje klinicke vaznosti promjena u
uzastopnim rezultatima pojedinca

Vrednovanje klinicke vaznosti promjena u dva uzastop-
na rezultata iste osobe podrazumijeva uzimanje u obzir
i analiti¢kih i fizioloskih izvora varijacije (uz pretpostavku
da su predanaliticki izvori varijacije minimalizirani). Broj-
¢ana vrijednost koja oznacava medicinski znacajne prom-
jene izmedu dva rezultata, klasi¢cno nazvana ,presud-

na razlika” (3) ¢iji je danasnji naziv Referentna vrijednost
promjene (engl. Reference change value, RCV) (18), potjece

iz formule:
RCV=kxy/2 x 4/CV, 2 + V2,

s time da je k = 1,65 za jednosmijerni test i rizik vjerojat-
nosti o. od 95%, dok CV, predstavlja analiticki, a CV, in-
traindividualni koeficijent varijacije.

Application of biological variation - a review

Setting quality specifications for analytical
performance

Setting quality specifications based on within- and be-
tween subject BV has been recognized to be the second
hierarchical strategy agreed worldwide at the Stockholm
conference because it satisfies the general needs of diag-
nosis and monitoring (13). In a simple way, a single test
from a subject is requested for diagnostic purposes and
the result is compared with the population-based refe-
rence interval or a cutoff value; in this case, it is essential
for laboratories to maintain the distribution of results
well centered and, consequently, analytical bias has to be
minimized. For monitoring or follow-up purposes, conse-
cutive requests for a test are made and the main source
of laboratory variation to be minimized is analytic impre-
cision. So quality specifications used as tolerance limits
for imprecision and bias have clear practical utility.
Additionally, it has been demonstrated that if bias (al-
so called systematic error) of laboratories working with
the same population is maintained below % of the sum
of within- plus between subject BV, common reference
intervals can be shared (14); the resulting value of this
sum is considered to be the desirable bias. In monitori-
ng, hazard error can affect the result only by 11% (15,16);
the resulting value of this fraction is considered to be the
desirable imprecision. For analytes with strong homeos-
tatic regulation and very low BV values (such as sodium,
chloride, albumin), it has been accepted that minimum
quality specifications can be used which are based on a
larger fraction of BV; on the other hand, for poorly regula-
ted analytes with high BV values (such as urine analytes,
triglycerides, several enzymes, etc), optimum quality
specifications derived from smaller fractions than those
mentioned could be used (17).

Evaluating the clinical significance of chan-
ges in consecutive results from an individual

Evaluating the clinical significance of changes in two
consecutive results from an individual implies taking into
consideration both the analytical and the physiological
sources of variation (assuming that preanalytical sources
of variation are minimized). The numerical value that de-
lineates medically significant changes between two re-
sults, classically named “critical difference” (3) and today
called Reference Change Value (RCV) (18), comes from

the formula:
RCV=kx+/2 x {/CV, % + OV -

with k = 1.65 for a one tail test and a probability risk a of
95%, and CV, and CV, the analytical and the within-sub-
ject (or intraindividual) coefficients of variation, respecti-
vely.

Biochemia Medica 2009;19(3):250-9
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Neki se autori koriste neznatno drugacijom formulom u
kojoj je dio sa zagradama zamijenjen s CV/, , (19); unatoc
tome, rezultati dobiveni pomocu obje formule gotovo su
istovjetni.

Za laboratorije koji zele posti¢i poZeljnu specifikaciju kva-
litete, formula ovisi iskljucivo o CV,, s time da je vrijedno-
st RCV ista za sve laboratorije (iako je odredena za svaki
analit) (20). Time se podrazumijeva shvacanje transver-
zalne RCV za otkrivanje promjena u zdravstvenom stanju,
$to predstavlja bolji pristup od populacijski utemeljenog
referentnog intervala s obzirom da se kod vecine analita
zapaza izrazita karakteristi¢nost, odnosno individualnost
(intraindividualna BV niza od interindividualne BV) (11,12).

Procjena korisnosti populacijski
utemeljenih referentnih vrijednosti

Procjena korisnosti populacijski utemeljenih referentnih
vrijednosti vidljiva je kroz omjer intraindividualne i inte-
rindividualne BV, §to se naziva ,pokazateljem individual-
nosti”. Kad je taj pokazatelj nizi od 1, $to je uobicajeno za
vecinu do danas prikupljenih analita, dva uzastopna re-
zultata istog ispitanika mogu biti izvan RCV, no prili¢no
unutar populacijski utemeljenog referentnog intervala. U
tom je slucaju tumacenje rezultata pretrage sigurnije ako
je pretraga zatrazena barem dvaput te je razlika dvaju re-
zultata za istu pretragu visa od odgovarajuce RCV. Pos-
lijedica toga jest da usporedba rezultata jedne pretrage
s populacijski utemeljenim referentnim intervalom pred-
stavlja zadovoljavajucu praksu samo za analite s pokaza-
teljem individualnosti ve¢im od 1. Najvisu osjetljivost u te
svrhe imaju pokazatelji individualnosti koji su jednaki ili
nizi od 0,6 te jednaki ili veci od 1,4 (3).

Odredivanje optimalnog uzorka za analizu
specificnog analita

Zakljucak o tome koja je vrsta uzorka (plazma, serum, 24-
satna mokraca, prva jutarnja mokracéa) optimalna za anali-
zu specificnog analita moze se dobiti na temelju procjena
intraindividualne bioloske varijacije. Uzorak s nizim CV,,
je najbolji, jer je izvor varijabilnosti svojstven tjelesnoj te-
kucini sveden na najmanju mogucu mjeru. Primjerice, CV,
kreatinina u serumu je 5,3%, a u 24-satnoj mokraci 16%
te se za pracenje bubreznog poremecaja radije odabire
kreatinin u serumu. Kod vecine su analita serum ili plazma
bolji nego uzorci mokrace zbog jace fizioloske regulacije
sastojaka krvi u usporedbi s homeostazom mokrace.

Odabir najbolje pretrage za specificnu
klinicku svrhu

O odabiru najbolje pretrage izmedu nekoliko njih za spe-
cificnu klinicku svrhu (npr. dijagnoza, pracenje) takoder je

Biochemia Medica 2009;19(3):250-9
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Some authors use a slightly different formula that substi-
tutes the parenthesis section by CV,,, (19); nevertheless,
the results obtained with the two formulas are practically
identical.

For laboratories reaching desirable quality specification,
the formula depends exclusively on the CV,, and then the
RCV value is the same for all laboratories (although expli-
cit for each analyte) (20). This would imply a transversal
RCV concept for detecting changes in health status, whi-
ch is a better approach than the population-based refe-
rence interval since the majority of analytes have strong
individuality (within-subject BV lower than between-sub-
ject BV) (11,12).

Assessing the usefulness of
population-based reference values

Assessing the usefulness of population-based reference
values can be performed by determining the ratio of wit-
hin-subject- to the between-subject BV, which is named
“index of individuality”. When this index is lower than 1,
which is usual for the majority of analytes compiled up-
to-date, two consecutive results from a subject may be
outside the RCV but well within the population-based
reference interval. In this case, interpretation of a test re-
sult is more certain to be correct if at least two requests
have been made and the difference between the two
results for the same test is higher than the correspondi-
ng RCV. As a consequence, comparison of the result of a
single test with the population-based reference interval
is a satisfactory practice only for analytes with the index
of individuality higher than 1. The maximum sensitivity
for these purposes is possible with individuality indexes
equal or lower than 0.6 and equal or higher than 1.4 (3).

Determining optimal sample for analyzing a
specific constituent

Determining which sample type (plasma, serum, 24-
urine, first-morning urine) is optimal for analyzing a spe-
cific constituent) may be based on within-subject biolo-
gical variation estimates. The sample with lower CV,, is
the best one because the source of variability inherent to
the body fluid is minimized. For example, serum creatini-
ne CV,is 5.3% and 24 hour urine CV, is 16% so that serum
creatinine is preferred for the follow up of renal disorder.
For the majority of analytes, serum or plasma are better
than urine samples because of the stronger physiological
requlation of blood components, compared with urine
homeostasis.

Selecting the best test for a specific
clinical purpose

On the selection of the best test among several ones for
a specific clinical purpose (e.g. diagnosis, monitoring)
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moguce odluciti koristenjem procjena BV. Za dijagnozu
je bolje upotrijebiti jednu pretragu i usporediti rezultat s
populacijski utemeljenim referentnim intervalom ili gra-
ni¢nom vrijednosc¢u, nego koristiti serijske pretrage za is-
ti analit. Za otkrivanje, primjerice, bubreznog poremecaja
teorijski se mogu zatraziti razlicite pretrage. U tablici 1 su
prikazani CV,, CV., pokazatelj individualnosti (Il) i RCV za
razli¢ite analite (tablica 1).

TaBLIcA 1. Podaci o BV analita u dijagnostici i prac¢enju bubre-
znih poremecaja

Application of biological variation - a review

can also be decided using BV estimates. For diagnosis, it
is better to use a single test and compare the result with
a population-based reference interval or a cut-off value
than using serial tests for the same analyte. For example,
various tests can be (in theory) ordered to detect a renal
disorder. In the following table, the CV, CV, individuality
index (Il) and RCV for various renal related analytes are
shown (table 1).

TasLE 1. BV-derived data for analytes in renal disorders

Analyte cvi CVG 1 RCV

(%) (%) (%)
Serum creatinine 5.3 14.2 0.4 13.3
Serum cystatin C 4.6 13.0 04 14.2
Urine creatinine, output 11.0 23.0 0.5 341
Serum urea 12.3 18.3 0.7 38.1
Urine urea 17.4 254 0.7 539

Pretraga s visokom osjetljivos¢u za dijagnozu je ureja u
serumu i to zbog najviseg Il. U slucaju pracenja bolesnika
s bubreznim poremecajem cistatin C zbog nize RCV ima
najvecu osjetljivost za otkrivanje promjene u zdravstve-
nom stanju.

Odabir najinformativnijih jedinica kod iz-
vjestavanja o rezultatima

O odabiru najinformativnije jedinice za izraZzavanje rezul-
tata moze se takoder zakljuciti na temelju procjena BV
kod analita izrazenih u razli¢itim jedinicama. Kod vecine
sastojaka mokrace rezultati se mogu izraziti kao koncen-
tracija, koli¢ina i omjer u odnosu na kreatinin; dodatno se
mogu koristiti Cetiri vrste uzorka mokrace: 24-satna, prva
jutarnja, slucajni uzorak te 2-satni uzorak. Primjeri za kal-
cij i kreatinin pokazuju da 24-satna mokraca predstavlja
uzorak s najnizom intraindividualnom varijacijom i to jos$
nizom ako je analit izraZzen kao izlu¢ena kolic¢ina. To vazi
za sve analite u mokraci prikupljene u nasoj bazi podata-
ka (tablica 2).

Odredivanje broja analiza potrebnih za ho-
meostatske osnovne vrijednosti pojedinca

Odredivanje broja analiza potrebnih za utvrdivanje bio-
loSke osnovne vrijednosti pojedinca vrlo je dobro objas-
njeno u radovima Frasera (3,21), gdje je najvazniji zak-
lju¢ak da za vedinu sastavnica ljudskog tijela nije dovolj-

The test with high sensitivity for diagnosis is serum urea
because of the highest Il. In the case of the follow up of
patients with a renal disorder, serum cystatin C has the
maximum sensitivity to detect a change in health status
because of its low RCV.

Selecting the most informative units of
expression for reporting results

Selecting the most informative units of expression for
reporting results can also be made on the basis of BV es-
timates of analytes, expressed in different units. For the
majority of urine constituents, results can be expressed in
concentration, output and ratio versus creatinine. Addi-
tionally, four types of urine samples can be used: 24h,
first morning, random, and 2 hours. Examples for calcium
and creatinine illustrate that 24 hour urine is the sample
with lower within-subject variation and is even better if
expressed in output units. This is valid for all urine ana-
lytes compiled in our database (table 2).

Determining the number of analyses nee-
ded to establish an individual’s homeostatic
set point

Determining the number of analyses needed to establish
an individual’s biological set point is very well explained

in Fraser’s articles (3,21) where the most important con-
clusion is that, for the majority of human body compo-
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TaBLICA 2. Procjene BV za analite u mokraci

Application of biological variation - a review

TABLE 2. BV estimates for urine analytes

Urine calcium CV, (%) CV, (%)
Concentration, first morning 44 38
Concentration, 24h 28 37
Concentration, random 39 35
Output, 24h 27 38
Calcium/creatinine ratio, 24h 26 30
Calcium/creatinine ratio, 2h 41 64
Urine creatinine CV, (%) CV, (%)
Concentration, first morning 31 29
Concentration, 24h 24 25
Concentration, random 36 32
Output, 24h 1 23

CV, - within-subject biological variation; CV, - between subject biological variation

no jedno odredivanje da bi se ustanovila homeostatska
osnovna vrijednost. Ta je ¢injenica obi¢no zaboravljena
u vec postoje¢im smjernicama za dijagnozu, gdje se op-
¢enito zagovara samo jedna pretraga. Stoga je u buduce
prepravke tih smjernica potrebno ukljuciti laboratorijske
stru¢njake kako bi se osigurala zadovoljavajuca razina la-
boratorijske zdravstvene skrbi.

Validacija novih postupaka u laboratoriju

Validacija novih postupaka u laboratoriju predstavlja uo-
bi¢ajenu praksu, kao i specifican zahtjev kod provedbe
sustava upravljanja kvalitetom prema ISO 15189 (22) ili
ISO 9001 (23). U toj je aktivnosti za svaki postupak pot-
rebna specifikacija kvalitete za koju se ve¢ mnogo godina
istice da bi trebala biti dobivena na temelju bioloske vari-
jacije (12,24-26).

Cilj

Usredotociti se na glavne tocke rasprave naznacene u
mnogim prezentacijama podataka o BV od skupine auto-
ra ovog ¢lanka tijekom posljednjih 10 godina (na koji se
nacin mogu pomocu danasnje tehnologije postici specifi-
kacije kvalitete dobivene temeljem BV u zdravih osoba, te
u kojim se slucajevima treba koristiti podacima od ispita-
nika koji nisu zdravi).

Pitanja za raspravu

Specifikacije kvalitete dobivene su na temelju podataka o
bioloskoj varijaciji u zdravih ispitanika te na temelju naj-
boljeg uzorka (24-satna mokraca, ukupna izlu¢ena koli-
¢ina). Premda tu praksu nekoliko autora smatra prilicno

Biochemia Medica 2009;19(3):250-9

nents, a single determination is not sufficient to establish
the homeostatic set point. This is usually forgotten in
the already existing guidelines for diagnosis where, in
general, a single test is advocated. Thus, there is a need
to include laboratory professionals in future revisions of
these guidelines to assure satisfactory laboratory-related
healthcare.

Validating new procedures in a laboratory

Validating new procedures in a laboratory is a common
practice and also a specific requirement when imple-
menting a quality management system, according to ISO
15189 (22) or ISO 9001 (23). In this activity, a quality spe-
cification for each procedure is needed and it should be
derived from biological variation, as has been promoted
since many years ago (12, 24-26).

Aim

To focus on main points of discussion debated in nume-
rous presentations of data on BV made by the authors in
the past 10 years (how quality specifications derived from
BV in healthy subjects are attainable with current techno-

logy and in what cases data from non-healthy subjects
should be used).

Points of discussion

Quiality specifications have been derived from data on
biological variation in healthy subjects and based on the
best sample (24 hour urine, expressed in output units). Al-
though several authors judge this practice quite idealistic
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idealistickom za analite s vrlo niskim CV, kao $to su natrij,
albumin ili kloridi, Slika 1. prikazuje da oko 10% laborato-
rija koji sudjeluju u vanjskom programu osiguranja kvali-
tete Spanjolskog drustva za klini¢ku biokemiju i moleku-
larnu patologiju (SEQC) postizu specifikaciju za ukupnu
pogresku na temelju BV za albumin, 20% za HDL-koleste-
rol, 50% za natrij i klorid i 70% za kalcij. Ta ¢injenica doka-
zuje da su specifikacije zasnovane na biologiji realisticne i
mogu se danas postici u rutinskim laboratorijima.

Drugo se pitanje bavi analitima koji se gotovo iskljucivo
testiraju kod ispitanika koji nisu zdravi, kao $to je HbA,.
koji se koristi za pracenje bolesnika sa Se¢ernom bolesti.
Ranije smo u ovom tekstu spomenuli da bi u svrhu pra-
¢enja bolesnika laboratorij trebao smanijiti svoju analiti¢-
ku nepreciznost ispod polovine intraindividualne BV. To
je tedko kod HbA,. s CV, koji iznosi 1,9% i pozeljnim CV,
od 1,0% (12).

U takvoj specificnoj situaciji od velikog je interesa osvr-
nuti se na BV u bolesnika sa Se¢ernom bolesti kod kojih
je procijenjeno da CV, iznosi 4,3% za HbA, ., a posljedi¢no
pozeljan CV, 2,1% (27,28) koji se moze lako postici rutin-
skim HPLC metodama. Stovise, primjenom najviie razine
kvalitete prema Stockholmskoj konferenciji o konsenzu-
su, medunarodna anketa upucena na ime 2538 klinicara
koji prate dijabeticke bolesnike u 7 zemalja dokazala je da
je trazeni medicinski raspon za CV, od 2,2 do 9,1% (ovisno
o zemlji) za niske vrijednosti HbA, - (29).

Application of biological variation - a review

for analytes with very low CV|, such as sodium, albumin
or chloride, Figure 1 shows that around 10% of the labo-
ratories participating in the external quality assurance
program of the Spanish Society of Clinical Biochemistry
and Molecular Pathology (SEQC) attain the specification
for total error derived from BV for albumin, 20% for HDL
cholesterol, 50% for sodium and chloride and 70% for
calcium. This fact demonstrates that specifications based
on biology are realistic and can be reached for routine la-
boratories today.

Another point deals with analytes that are almost exclu-
sively tested in non-healthy subjects, such as HbA, - used
for monitoring diabetic patients. It has been mentioned
above that laboratory should reduce its analytic impre-
cision below half of the within-subject BV for monitoring
and follow-up purposes. This is difficult for HbA, ., with a
CV, of 1.9% and a desirable CV, of 1.0% (12).

In this particular situation it is of great interest to look at
BV in diabetic patients in whom a CV, of 4.3% has been
estimated for HbA,- and a consequent desired CV, of
2.1% (27,28) that is easily attainable with HPLC routine
methods.

Moreover, by applying the highest quality level of the
Stockholm consensus conference, an international enqui-
ry addressed to 2538 clinicians that monitor diabetic pa-
tients in 7 countries has evidenced that medical require-
ment for CV, ranges from 2.2 to 9.1% (depending on the
country) for low HbA, - values (29).

Labs reaching BV specifications for total error
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Buducénost (Zakljucci)

Prema nasem misljenju najvazniji napredak u ulo-

zi medicinskog laboratorija jest informiranje lije¢nika o

promjenama u bolesnikovu stanju. Tu bi praksu trebalo u

skoroj buducnosti primijeniti u svim laboratorijima, jer su

svi neophodni elementi za to danas ve¢ dobro poznati. Ta

se aktivnost temelji na vrijednostima RCV koje su jasno

definirane u uvjetima zdravlja te mnogim situacijama kad

je rije¢ o bolesti (18,25,26,30), kao i na statistickoj vjero-

jatnosti za definiranje znacajne promjene koju je odli¢no

objasnio Fraser (13,30). Laboratorijski bi informacijski sus-

tav trebao modi:

« prepoznati vjerojatnu dijagnozu svakog bolesnika;

- identificirati ciljani analit za dijagnosticiranu patologi-
ju;

+ primijeniti RCV za ciljani analit na svaki par uzastopnih
rezultata istog bolesnika;

« oznaditi drugi nalaz unaprijed dogovorenim znakom
nakon broj¢anog rezultata ciljanog analita.

Ta ce praksa biti korisnija, nego Sirom svijeta koristene oz-
nake za usporedbu svakog rezultata pretrage s odgova-
raju¢im populacijski utemeljenim referentnim intervalom
zato $to, kao $to je u ovom tekstu ve¢ spomenuto, vecdina
analita ima izrazitu individualnost i usporedba rezultata
pretrage bolesnika s prethodnom vrijednos¢u treba u bu-
ducnosti zamijeniti klasi¢an referentni interval.

Autori se nadaju da ¢e ovaj kratak pregled biti koristan za
poboljsanje kvalitete zdravstvene skrbi.
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Future (Conclusions)

In our opinion, the most important advance of the role of
a medical laboratory is to notify doctors about changes in
patient status. This practice should be applied to all labo-
ratories in the near future because all the necessary ele-
ments are already well known today. This activity is based
on the RCV values clearly defined for healthy and many
non-healthy situations (18,25,26,30) and on the statisti-
cal probability to define a significant change, excellently
explained by Fraser (13,30). The laboratory information
system should be able to:
+ recognize the presumptive diagnosis of each patient;
- identify the target analyte for pathology;
« apply the RCV for the target analyte to each pair of
consecutive results from the same patient;
« flag the second report with a predefined signal after
the numeric result of the target analyte.

This practice will be more useful than the worldwide used
flags for comparing each test result with the correspondi-
ng population-based reference interval because, as has
been mentioned above, most analytes have strong indi-
viduality and comparison of a test result from a patient
with the previous value will replace the classic reference
interval.

The authors hope this short review will be useful for im-
proving the quality of healthcare.
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