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Abstract

All  accredited  medical  laboratories  from  Romania  comply  with  the  requirements  of  SR  EN  ISO

15189:2007. These requirements include  method validation.  Medical laboratories use validated methods taken

from the literature but, before using it, each laboratory has the responsibility  to verify if the method perform-

ances are accomplished in a range of conditions which are specific for that laboratory (personnel, equipment,

reagents, reference material and control material).  Method validation is a process by which every laboratory

should check and establish the method's performance characteristics, but also the laboratory should identify the

influences which may change these characteristics and to what extent.  In this study the authors described the

manner in which they documented and verified performance parameters (precision and accuracy of measure-

ments, measurement uncertainty) in order to demonstrate that GOD / PAP method to measure serum glucose is

fit for purpose in own laboratory conditions.
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Rezumat

Toate laboratoarele de analize medicale acreditate din România respect� cerin�ele Standardului SR EN

ISO 15189:2007. Una dintre cerin�ele acestui standard este validarea metodelor utilizate. Laboratoarele medicale

utilizeaz� metode validate, preluate din literatura de specialitate dar înainte de utilizare, fiecare laborator are res-

ponsabilitatea s� verifice dac� performan�ele metodei se men�in în condi�iile specifice de laborator (personal, echi-

pament, reactivi, material de referin��, material de control). Validarea unei metode este procesul prin care laborato-

rul verific� �i stabile�te caracteristicile de perfoman��, dar identific� �i factorii care influen�eaz� aceste caracteris-

tici precum �i gradul de influen�� al acestor factori. Autorii prezint� modul cum au documentat �i au verificat para-

metrii de performan�� (precizia �i acurate�ea m�suratorilor, incertitudinea de m�surare) în vederea demonstr�rii

adecv�rii la scop a metodei GOD / PAP de m�surare a glucozei în sânge în condi�iile proprii de laborator.

Cuvinte cheie: validare metod�, precizie, acurate�e, incertitudine de m�surare.
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Introducere

Una  dintre  cerin�ele  SR  EN  ISO
15189:2007  (Laboratoare  medicale.  Cerin�e

particulare pentru  calitate  �i  competen��)  este
validarea metodelor analitice (1). De aceea toate
laboratoarele medicale acreditate au obliga�ia �i
responsabilitatea s�-�i valideze metodele de ana-
liz� înainte de utilizarea lor. 

Ghidul EURACHEM -  The Fitness for

Purpose of Analytical Methods (2) prezint� regu-
lile generale, obligatoriu de urmat, pentru valida-
rea  metodei.  Conform EURACHEM,  validarea
este “confirmarea prin examinare �i furnizare de
dovezi  obiective  c�  cerin�ele  specificate  sunt
îndeplinite” (2). Validarea metodei este procesul
prin care (i) laboratorul î�i stabile�te caracteristi-
cile de perfoman�� �i limitele metodei �i (ii) sunt
identifica�i factorii care influen�eaz� aceste carac-
teristici, precum �i gradul de influen�� al acestora
(2).  Ace�ti  parametri  sunt  stabili�i  pentru a  de-
monstra c�  metoda implementat�  în laboratorul
medical este „adecvat� scopului propus” (2).

De�i exist� publica�ii de referin�� (EURA-
CHEM �i I-12 RENAR) (2, 3), unii speciali�ti
din laboratoarele medicale consider� c�  nu tre-
buie  s�  valideze  metodele  înainte  de utilizare,
deoarece le achizi�ioneaz� de la produc�tor sau
le preiau din literatura de specialitate gata vali-
date (2). De�i  metodele utilizate sunt publicate
în literatur� sau în protocoalele altor laboratoare,
metodele trebuie s� fie verificate în fiecare labo-
rator  înainte  de  utilizare  (2,  4).  Acest  fapt  nu
înseamn� c� este pus� la îndoial� validarea me-
todei realizat� de produc�tor, dar fiecare labora-
tor medical are responsabilitatea s� verifice dac�
în  condi�iile proprii  (personal calificat,  echipa-
ment, reactivi, materiale de referin�� �i de con-
trol, alte consumabile) ob�ine performan�e apro-
piate de cele ale produc�torului, în limite accep-
tate de literatura de specialitate (CLIA - Clinical

Laboratory Improvement  Amendments �i  Wes-
tgard) (5, 6). Totodat�, laboratorul are �i respon-
sabilitatea s� identifice factorii care influen�eaz�

Introduction

One of SR EN ISO 15189:2007 (Medic-

al  laboratories.  Particular  requirements  for

quality and competence) requirements is analyt-
ical method validation (1). Therefore all accred-
ited medical laboratories have the obligation and
responsibility to validate their analysis methods
before using them. 

The EURACHEM guide –  The Fitness

for Purposes of Analytical Methods (2) lays down
the guidelines to be observed for method valida-
tion.  According  to  EURACHEM,  validation  is
“confirmation  by examination and provision of
objective  evidence  that  the  particular  require-
ments for a specified intended use are fulfilled”
(2). Method validation represents the process by
which (i) the laboratory decides the method’s per-
formance parameters and limitation and (ii) iden-
tifies the factors influencing these characteristics
as  well  as  their  degree of  influence (2).  These
parameters are laid down to show that the method
implemented in the medical laboratory is “fit for
the intended purpose” (2).

Although there are reference publications
(EURACHEM and  I-12  RENAR)  (2,  3),  some
specialists from medical laboratories believe that
they don’t have to validate their methods before
use as they have purchased them from the manu-
facturer or take them from literature, where they
were already validated (2). Even though the meth-
ods used are published in literature or in the proto-
cols of other laboratories, the methods should be
verified in each laboratory before use (2, 4). This
does not suggest that we are questioning the valid-
ation of the manufacturer’s method, but each med-
ical laboratory should verify whether similar per-
formances  to  those  of  the  manufacturer’s  are
achieved using personal conditions (qualified per-
sonnel, equipment, reagents, reference and control
materials, other supplies) and in compliance with
the limits approved by specialized literature (CLIA
–  Clinical Laboratory Improvement Amendments

and Westgard) (5, 6). In addition, the laboratory
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also has the responsibility to take into account the
factors  influencing  performance  parameters  as
well as their degree of influence (2). 

At least 3 criteria should be taken into
account when selecting performance parameters
used for method validation:

1. method specificity 
- quantitative determination (one should

take into account whether the measured analyte
is either a major component or traces in the ana-
lysed biological material)

-  qualitative  determination  (the quanti-
fication limit should be checked) 

2. the client’s requirements (providing a
reliable result is essential);

3. the results delivered should be in ac-
cordance with those achieved by similar meth-
ods in the same laboratory or in others. 

The aim of the study

The authors present a complete valida-
tion model of a quantitative analytical  method
for determining serum glucose in a medical test
laboratory:  GOD/PAP  method.  We  chose  this
method because serum glucose determination by
GOD/PAP method represents a common method
used  in  most  medical  laboratories  from  Ro-
mania. We mention that the stages of the valida-
tion process for GOD/PAP method described in
this material may be used / adjusted for any oth-
er analytical method in a medical test laboratory.

Material and methods

The method validated in this paper is a
quantitative method for determining a major serum
component: glucose. To achieve this, we employed
reagents, reference material and control sera from
RANDOX Laboratories, UK. Repeated determina-
tions of 4 randomly chosen patient samples, with
values higher than the calibrator’s, were performed
to evaluate  the linearity of measurements  above
the maximum calibration point. The serum glucose
determinations were carried out on the automated
biochemistry analyzer BT 3000 Plus (Biotecnica
Instrument, Italy).

caracteristicile de performan��, precum �i gradul
de influen�� al acestor factori (2).

În alegerea parametrilor de performan��
utiliza�i în validarea metodei ar trebui s� �inem
cont de cel pu�in 3 criterii:

1. specificul metodei 
-  determinare  cantitativ�  (trebuie  �inut

cont  dac�  analitul  m�surat  este  o component	

major	 sau se gase�te sub form� de urme în ma-
terialul biologic de analizat)

- determinare calitativ� (trebuie verifica-
t� limita de cuantificare)

2. cerin�ele clientului (primordial: oferi-
rea unui rezultat credibil);

3. rezultatele eliberate s� fie în concor-
dan�� cu cele ob�inute prin metode similare utili-
zate în acela�i laborator sau în alte  laboratoare.

Scopul studiului

Autorii  prezint�  un  model  complet  de
validare a unei metode analitice cantitative pen-
tru determinarea glucozei serice într-un labora-
tor de analize medicale: metoda GOD/PAP. Am
ales aceasta metod�  deoarece dozarea glucozei
serice prin metoda GOD/PAP este o  metod� de
rutin� utilizat� în majoritatea laboratoarelor me-
dicale din România. Men�ion�m c� etapele pro-
cesului  de  validare  prezentate  pentru  metoda
GOD/PAP  în  acest  material  pot  fi  utilizate  /
adaptate pentru orice alt� metod� analitic� în ca-
drul unui laborator de analize medicale. 

Material �i metod�

Metoda validat� în lucrarea de fa�� este o
metoda cantitativ� pentru determinarea unei com-
ponente majore din ser, glucoza. Pentru aceasta am
utilizat reactivi, material de referin�� �i seruri de
control de la RANDOX Laboratories, UK. Pentru
verificarea  linearit��ii  m�sur�torilor  deasupra
punctului  maxim  de  calibrare  au  fost  realizate
m�sur�tori repetate a 4 probe de pacient alese în
mod aleator, cu valori mai mari decât valoarea ca-
libratorului. M�sur�torile de glucoz� seric� au fost
efectuate pe analizorul automat de biochimie BT
3000 Plus (Biotecnica Instrument, Italia).
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Procesul  de  validare  a  metodei
GOD/PAP  pentru  determinarea  cantitativ�  a
concentra�iei de glucoz� în ser presupune întoc-
mirea unui plan documentat de validare a me-

todei care cuprinde:
1. procedura de validare  (descrie mo-

dul de desf��urare a valid�rii  metodelor în
condi�iile proprii de laborator �i modelul ra-
portului de validare). 

2. redactarea  declara�iei  privind adec-
varea la scop a metodei 

3. stabilirea datei de revalidare

Rezultate �i discu�ii

Procedura de validare este una singur�
pentru acela�i laborator de analize medicale, dar
validarea fiecarei metode de analiz� se concreti-
zeaz� cu întocmirea unui raport specific de vali-
dare (care respect� formatul stabilit în procedu-
r�). Procedura de validare presupune verificarea
parametrilor de performan�� prin m�suratori re-
petate  �i  interpretarea  rezultatelor  ob�inute  în
func�ie  de  criteriile  de  acceptabilitate  stabilite
(valorile parametrilor de performan�� ob�inute în
condi�ii proprii de laborator s� fie mai mici sau
sensibil apropiate de cele ale produc�torului sau
cele din literatura de specialitate de referin�� –
CLIA �i Westgard) (5, 6).

Raportul de validare cuprinde: condi�iile
în care se desfa�oar� validarea (specificarea me-
todei, responsabilul cu validarea metodei, condi�ii
de mediu, echipament, reactivi, calibrator, seruri
de control) �i verificarea parametrilor de perfor-
man�� (liniaritatea, domeniul de m�surare, inter-
valul  de valori  normale,  specificitatea  analitic�,
interferen�e, limita minim� de detec�ie, limita mi-
nim�  de cuantificare, precizia/imprecizia, acura-
te�ea/inacurate�ea �i incertitudinea de m�surare).
Raportul de validare se finalizeaz� printr-o con-
cluzie explicit� privind performan�ele metodei în
condi�iile specifice ale laboratorului.

Declara�ia privind adecvarea la scop �i
stabilirea  revalid�rii  metodei  în  cauz�  înso�esc
raportul de validare.

The  validation  process  of  GOD/PAP
method for serum glucose concentration quantit-
ative determination requires the development of
a documented method validation plan  which
includes:

1. the  validation  procedure  (describes
the modality of performing method valida-
tion under specific laboratory conditions and
the validation report model)

2. drawing  up  the  statement  on  the
method’s fitness for purpose

3. setting the revalidation date.

Results and discussion

A medical test laboratory uses only one
validation process, but the validation of each ana-
lysis  method is followed by drafting a  specific
validation report (which complies with the struc-
ture established during the process). The valida-
tion  process  includes  performance  parameter
evaluation by repeated determinations and inter-
pretation of results obtained according to the set
acceptability criteria (the values of performance
parameters  achieved  under  specific  laboratory
conditions should be lower or  rather  similar  to
those of the manufacturer or of the reference lit-
erature – CLIA and Westgard) (5, 6). 

The validation report includes: the condi-
tions  under  which validation is performed (spe-
cifying the method, the person in charge with val-
idating  the  method,  environment  conditions,
equipment, reagents, calibrator, control sera) and
checking performance parameters (linearity, meas-
uring  range,  range  of  normal  values,  analytical
specificity, interferences, minimum limit of detec-
tion, minimum quantification limit, precision/ im-
precision, accuracy/inaccuracy and uncertainty of
measurement). The validation report is completed
with a clear conclusion on the method’s perform-
ances under the specific laboratory conditions. 

The statement on the fitness for purpose
and the schedule for the method’s  revalidation
are annexed to the validation report. 
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Method specification

GOD/PAP  method  was  developed  for
the quantitative determination of glucose in hu-
man serum (but also in other biological liquids)
in both healthy persons and in those with carbo-
hydrate metabolism disorders.

The GOD/PAP method has the follow-
ing measurement principle: the glucose from the
studied sample is hydrolyzed in the presence of
glucose oxidase  (GOD,  enzyme  component  of
R1 reagent) forming gluconic acid and peroxide
[1].  The  latter,  in  the  presence  of  phenol  and
aminophenazone and under the action of peroxi-
dase (POD, the 2nd enzyme of R1 reagent) cre-
ates  a  red-colored compound  (quinoneimine)
[2].  The optical  density reading of the  colored
compound is 505 nm and is in direct proportion
with the glucose amount from the sample. 

Glucose + O2 + H2O ————————�————————�
——� Gluconic acid + H2O2         [1]

2H2O2 + 4 Amino-antipyrine + Phenol ————�

——� Quinoneimine + 4H2O2   [2]

The results are calculated by the formula:

y (mg/dL glucose) = ————— ————— ————— ————— ————— × calibrator concentration

 [3], where
y = concentration of glucose; ODsample = optical
density of  analyzed sample; ODcalibrator = optical
density of the calibrator. 

The person in charge with method val-

idation  is competent, has specialist training and
experience  in  laboratory  analytical  determina-
tions. The person in charge should have advanced
knowledge about  the principle of the determina-
tion  method and  the  information  regarding  the
performances achieved by the manufacturer dur-
ing method validation. Moreover,  the person in
charge decides which method performance para-
meters  shall  be  verified  to  demonstrate  the
method’s  fitness  for  purpose.  Other  tasks  as-
signed are the scheduling of the revalidation date

Specificarea metodei

Metoda  GOD/PAP  a  fost  dezvoltat�
pentru determinarea cantitativ� a glucozei în se-
rul uman (dar �i în alte lichide biologice) la per-
soane s�n�toase sau cu tulbur�ri ale metabolis-
mului glucidic.

Metoda GOD/PAP are urm�torul princi-
piu de m�surare: glucoza din proba de analizat
este  hidrolizat�  în  prezen�a  glucoz�-oxidazei
(GOD, enzim�  component� în reactivul R1) cu
formare de acid gluconic �i peroxid de hidrogen
[1]. Acesta, în prezen�a fenolului �i aminofena-
zonei  �i  sub ac�iunea peroxidazei  (POD, a 2-a
enzim�  din reactivul R1)  formeaz�  un compus
colorat  în  ro�u  (quinoneimina)  [2].  Densitatea
optic�  a  compusului  colorat  format  este  direct
propor�ional� cu cantitatea de glucoz� din prob�
�i este m�surat� la 505 nm.

Glucose + O2 + H2O ————————�————————�
——� Gluconic acid + H2O2         [1]

2H2O2 + 4 Amino-antipyrine + Phenol ————�

——� Quinoneimine + 4H2O2   [2]

Rezultatele se calculeaz� dup� formula:

y (mg/dL glucose) = ————— ————— ————— ————— ————— × calibrator concentration

[3], unde

y = concentra�ia de glucoz�; DOproba = densitatea
optic� a probei de analizat; DOcalibrator = densita-
tea optic� a calibratorului. 

Responsabilul  cu  validarea  metodei

este o persoan� competent� cu studii de speciali-
tate �i experien�� în m�sur�torile analitice de la-
borator. Responsabilul de validare trebuie s� cu-
noasc� foarte bine principiul metodei de analiz�
�i datele privind performan�ele ob�inute în tim-
pul  valid�rii  metodei  de  c�tre  produc�tor.  De
asemenea,  responsabilul  de  validare  stabile�te
care dintre parametrii de performan�� ai metodei
vor fi verifica�i pentru a demonstra adecvarea la
scop a metodei. Tot în atribu�iile acestuia intr� �i

Glucose oxidase (GOD) 

Peroxidase (POD)

ODsample

ODcalibrator

Glucozoxidaza (GOD) 

Peroxidaza (POD)

ODsample

ODcalibrator
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and the implementation of the validated method. 
The GOD/PAP method does not require

special environment conditions.  The reactions
during  the  determination  occur  on  automatic
equipment fitted with a heat control system. The
environmental operating conditions are the fol-
lowing: temperature of 21 ±2oC and humidity of
40-60  %.  The  analyzer  is  used  in  compliance
with  the  manufacturer’s  recommendations  on
daily and periodical maintenance. 

In the validation report there are also data
on the equipment. The information presented in
this paper was obtained by means of the auto-
mated  biochemistry  analyzer  BT  3000  Plus,
series XXXXXXX, manufacturer: Biotecnica In-
strument (Italy). The equipment was calibrated by
INM Bucharest.  The  maintenance records  con-
firm the performance of maintenance operations
according to the manufacturer’s instructions. 

To  verify  performance  parameters  we
used  the mono-reagent  R1 GOD/PAP (RAN-
DOX Laboratories, UK) “ready to use”, stored
in  stability  conditions  (2-8oC)  and  within  the
validity period. The reagent was chosen taking
into  account  the  adjustable  working  protocol
provided by the manufacturer for the equipment
employed during this study. 

The  reference  material  (calibrator)

was the Randox Calibration Serum, code CAL
2351, level 3 (7). In the calibrator’s traceability
certificate it is stated the traceability of the gluc-

stabilirea termenului de revalidare precum �i im-
plementarea metodei validate.

Metoda GOD/PAP nu presupune condi-

�ii  de  mediu  speciale.  Reac�iile  din  timpul
m�suratorii  se  desf��oar�  pe  echipament  auto-
mat dotat cu sistem de termoreglare. Condi�iile
ambientale  de  lucru  sunt:  temperatura  de
21±2°C �i  umiditate 40 - 60%. Analizorul este
utilizat cu respectarea indica�iilor produc�torului
privind mentenan�a zilnic� �i periodic�.

În  raportul  de  validare  sunt  incluse  �i
datele privind  echipamentul. Datele prezentate
în acest material au fost ob�inute utilizând anali-
zorul automat de biochimie BT 3000 Plus, seria
XXXXXXX, produc�tor: Biotecnica Instrument
(Italia).  Echipamentul  a  fost  etalonat  de  INM
Bucure�ti.  Înregistr�rile  de  mentenan��  atest�
executarea opera�iunilor de între�inere conform
recomand�rilor produc�torului.

Pentru  verificarea  parametrilor  de  per-
forman��  a  fost  utilizat  monoreactivul  R1
GOD/PAP (RANDOX Laboratories, UK) „rea-
dy to use” p�strat  în condi�ii  de  stabilitate  (2-
8°C) �i în termen de valabilitate. Reactivul a fost
ales deoarece exist� protocol de lucru adaptabil,
oferit de produc�tor, pe echipamentul utilizat în
cadrul acestui studiu.

Materialul  de  referin��  (calibrator)

folosit  a  fost  Serul  de  Calibrare  Randox,  cod
CAL 2351, level 3 (7). În certificatul de trasabi-
litate al calibratorului se precizeaz� trasabilitatea

Table 1. Excerpt from the traceability certificate of the calibration serum Randox, code CAL 2351, level 3, where

it is noticed the traceability of the glucose value to the reference material and the total measurement uncertainty. 

Analyte Traceable to reference material

GLDH Internal Master
Glucose GOD NIST917b / NIST965a
Glucose Hex NIST917b / NIST965a

Target value Total Uncertainty % Uncertainty

Albumin BCG 29.1 g/L 0.83 g/L 2.8%
Glucose GOD 15.1 mmol/L 0.6 mmol/L 4.0%
Glucose Hex 15.1 mmol/L 0.36 mmol/L 2.4%

                            272.04 mg/dL                   10.8 mg/dL

conversion factor: glucose mmol/L  x 18.016 = glucose mg/dL
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valorii de glucoz� la materialul de referin�� cer-
tificat  (NIST 917b/NIST965a) �i  incertitudinea
de m�surare total� (Tabel 1).

Am utilizat  serurile de control Randox
Human Assayed multi-sera (cu matrice uman� �i
cu valori m�surate). În laboratoarele medicale pen-
tru determin�rile biochimice analitice se utilizeaz�
în general numai 2 nivele de concentra�ie pentru
serurile de control care au relevan�� în decizia cli-
nic�. Am ales serul de control cu valori normale
(Level 2 HN 1530) (8) �i serul de control cu valori
patologic crescute (Level 3 HE 1532) (9) deoarece
frecven�a probelor de pacient cu valori patologic
sc�zute de glucoz� este foarte mic� (6).

Primul  parametru de performan�� ve-

rificat a  fost  linearitatea. Prin  linearitate  de
m�surare în�elegem abilitatea de a ob�ine un re-
zultat (de exemplu: intensitate de culoare /modifi-
care  de absorban��)  direct  propor�ional  cu con-
centra�ia /activitatea analitului din proba masura-
t�. M�sur�torile de glucoz� seric� au fost efectua-
te pe o dreapt� de calibrare trasat� cu calibrator
RANDOX de concentra�ie 272,04 mg/dL. Cali-
bratorul utilizat este trasabil NIST �i are o incerti-
tudine total�  (extins�) de 10,80 mg/dL. Dreapta
de calibrare este generat� automat de c�tre autoa-
nalizor prin analizarea calibratorului de concen-

ose concentration to the certified reference ma-
terial (NIST 917b/NIST965a) and the total un-
certainty of measurement (see Table 1). 

We used Randox Human Assayed mul-
ti-sera control serums (with human matrix and
measured values). Usually, only 2 concentration
levels of control serums with relevance in clinic-
al decision are used in medical laboratories for
biochemical  analytical  determinations.  We  se-
lected  the  control  serum  with  normal  ranges
(Level 2 HN 1530)  (8)  and the control  serum
with  pathologically  high  levels  (Level  3  HE
1532) (9) because of the very low incidence of
patient samples with pathologically low glucose
levels (according to Westgard) (6). 

The first performance parameter evalu-

ated  was  linearity. By linearity of measurement
we understand the ability to obtain a test result (for
example: color intensity/ absorbance change) pro-
portional with the analyte concentration/activity in
the measured sample. The serum glucose determ-
inations  were  performed  on  a  calibration  curve
generated  by  a  RANDOX  calibrator  of  272.04
mg/dL. The calibrator used is NIST traceable and
has a total uncertainty (extended) of 10.80 mg/dL.
The calibration factor is  automatically generated
by the analyzer by measuring the calibrator at a
given level. The line is graphically represented
between  0  and  the  set  point  272.04  mg/dL
(Figure  1).  For  checking  linearity  along  the
calibration range we proceeded to the analysis
of calibrator’s dilutions 1/1.5, 1/2 and 1/4. We
noticed that linearity is established on the calib-
ration range [0 – 272.04 mg/dL], thus the lin-
earity parameter was checked under the specif-
ic laboratory conditions (Figure 1). 

The measuring range represents the
range between the lowest and the highest ana-
lyte concentration of the measured sample, for
which it was showed that the analytical pro-
cess has an acceptable precision, accuracy and
linearity  level  (10).  When  evaluating  the
measuring range we took into account the in-
formation of the GOD/PAP method manufac-
turer who sets 450 mg/dL as maximum limit

Figure 1. The calibration curve of 272.04 mg/dL traced

with  RANDOX  calibrator  and  the  measurement  of

1/1.5, 1/2 and 1/4 dilutions of the calibrator.
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of linearity for serum glucose measurements. We
checked  the  measuring  range  by  repeatability
tests on the patient  samples  with higher  serum
glucose  concentrations  than  the  calibrator’s
(Table  2).  We  randomly  selected  3  patient
samples  with values  higher  than 272.04 mg/dL
(concentration of the calibrator) and lower than
450 mg/dL (maximum limit of linearity accord-
ing to manufacturer’s insert) and a sample with a
concentration  higher  than  450  mg/dL.  We per-
formed 5 measurements for each sample. 

The statistical calculation shows an ac-
ceptable precision for values up to 450 mg/dL
with a coefficient of variation (CV%) of 0.84%
(for the sample with an average value of 371.17
mg/dL),  0.89%  (for  the  sample  the  average
value of 410.17 mg/dL) and respectively 0.73 %
(for the sample with an average value of 437.33
mg/dL). For the specimen with an average value
of 457.56 mg/dL, the CV% was 11.05 % higher
than  the  acceptable  limit,  according  to  CLIA.
Thus, under  specific  laboratory conditions,  the
measuring  range  of  serum  glucose  up  to  the
value of 450 mg/dL serum glucose is verified. 

The range of normal values (biological

reference  values) represents  the  central  range
for 95% of a reference lot’s results. The range of
reference was taken exclusively from the manu-
facturer, because the evaluation of this perform-
ance parameter in the medical laboratory is hard
to achieve (the selection of the reference lot and
costs involved) (11). The range of normal values
is established by means of measurements made
on a significant reference lot conducted by na-

tra�ie  cunoscut� �i  une�te  punctul  0  �i  punctul
„set-point” 272,04 mg/dL (Figura 1). Pentru veri-
ficarea  linearit��ii  pe  tot  intervalul  de  calibrare
am procedat la m�surarea dilu�iilor de 1/1,5, 1/2
�i 1/4 din calibrator. Am constatat c� se respect�
linearitatea  pe  intervalul  de  calibrare  [0-272,04
mg/dL], deci parametrul de linearitate s-a verifi-
cat în condi�iile proprii de laborator (Figura 1). 

Domeniul de m�surare reprezint� inter-
valul cuprins între cea mai mic� �i cea mai mare
concentra�ie  a  analitului  din  probele  m�surate
pentru care a fost demonstrat c� procedura anali-
tic� are un nivel acceptabil de precizie, acurate�e
�i  linearitate  (10).  În  verificarea domeniului  de
m�surare am �inut cont de informa�ia produc�to-
rului metodei GOD/PAP, care precizeaz� valoarea
de 450mg/dL drept limit� maxim� a linearit��ii
pentru m�suratorile de glucoz� din ser. Am verifi-
cat domeniul de m�surare prin teste de repetabili-
tate pe probele de pacient cu concentra�ii ale glu-
cozei serice mai mari decât valoarea calibratoru-
lui (Tabel 2). Au fost alese aleator 3 probe de pa-
cient cu valori mai mari de 270,04 mg/dL (con-
centra�ia  calibratorului)  dar  mai  mici  decât
450mg/dL (limita maxim� a linearit��ii conform
insertului de la produc�tor) �i o prob� cu valoare
mai mare de 450 mg/dL. Au fost efectuate înc� 5
m�suratori pentru fiecare prob�. 

Calculul statistic arat� o precizie accep-
tabil� pentru valori de pân� la 450 mg/dL cu un
coeficient de varia�ie (CV%) de 0,84% (pentru
proba  cu  valoarea  medie  de  371,17mg/dL),
0,89%  (pentru  proba  cu  valoarea  medie  de
410,17mg/dL) �i respectiv 0,73% (pentru proba

Table 2. Results achieved by repeated measurements of the glucose concentration in patient samples

higher than the calibrator’s value. 

Patient value
(mg/dL glucose)

Number of measurements 
6 replicates

Average value

X

Standard deviation
(SD)

Coefficient of
variation (CV)

%
370 368, 376, 372, 368, 370, 373 371.17 3.12 0.84
408 408, 411, 404, 414, 411, 413 410.17 3.66 0.89
436 436, 432, 437, 440, 441, 438 437.33 3.20 0.73
482 482, 526, 421, 531, 417, 413 457.67 50.59 11.05



Revista Român� de Medicin� de Laborator Vol. 19, Nr. 1/4, Martie 2011 93

tional and international organizations (12).
The analytical specificity represents the

ability  of  a  method to  accurately  determine  a
certain analyte in the presence of other compon-
ents in a sample matrix under the stated condi-
tions (2). In our case, we did not check the ana-
lytical  specificity,  because glucose-oxidase has
glucose as basis.

The  method’s  insert  provides  informa-
tion  on  measurement  interferences,  therefore
the values of serum glucose obtained on haemo-
lyzed, icteric or hyperlipemic sera are cautiously
notified and are accompanied by further details
about the serum’s aspect in the analysis report
(haemolyzed, icteric, lipemic serum).

The minimum limit of detection is the
smallest amount of analyte that can be differen-
tiated from blank (14). This performance para-
meter  is  relevant  only  for  qualitative  methods
and this is the reason why it was not evaluated
during  the  validation  process  (GOD/PAP  is  a
quantitative method) (14). We took into account
the  information  provided  by  the  manufacturer
that  the minimum limit  of detection for serum
glucose by GOD/PAP method is 2.88 mg/dL.

The  minimum limit of quantification

represents  the  smallest  amount  of  analyte  that
may be determined with an acceptable degree of
precision and accuracy (15). The literature (14)
states that the limit of quantification is verified
during the validation process only in the case of
quantitative methods by which major compon-
ents  are  determined  in  small  concentrations
(traces). By means of the GOD/PAP method we
determine significant concentrations of a major
human serum component, glucose, for which the
minimum  limit  of  quantification  with  clinical
relevance, according to CLIA, is 50 mg/dL. 

This parameter is also present in the Val-
idation  instruction  I-12  provided  by  RENAR
where it is stated that “…if an automated analyz-

er is used, than the minimum limit of quantifica-

tion obtained in the laboratory is given by the

minimum  limit  of  the  calibration  curve.  If  the

minimum limit of the calibration curve is given

cu valoarea medie de 437,33mg/dL). Pentru pro-
ba cu valoarea medie de 457,56 mg/dL, CV% a
fost de 11,05%, mai mare decât limita acceptabi-
l� dup� CLIA. Deci, în condi�iile proprii de la-
borator, domeniul de m�surare a glucozei serice
se verific�  pân�  la  concentra�ia  de 450 mg/dL
glucoz� seric�. 

Intervalul de valori normale (valori bi-

ologice de referin��) este intervalul central în care
se situeaz� 95% din rezultatele unui lot de referin-
��. Intervalul de referin�� a fost preluat exclusiv de
la produc�tor, deoarece verificarea acestui parame-
tru de performan�� în laboratorul medical este difi-
cil de realizat (alegerea lotului de referin�� �i cos-
turile pe care le implic�) (11). Intervalul de valori
normale este stabilit prin m�suratori efectuate pe
un lot semnificativ de referin�� de c�tre organiza�ii
na�ionale sau interna�ionale (12).

Specificitatea analitic� este capacitatea
unei metode de a determina cu acurate�e un anu-
mit analit în prezen�a altor componente dintr-o
matrice dat� în condi�iile specificate (2). În ca-
zul de fa�� nu am verificat specificitatea analiti-
c�,  deoarece  glucoz�-oxidaza  are  specificitate
absolut� de substrat.  

Insertul metodei ne ofer� informa�ii pri-
vind  interferen�ele de m�surare, de aceea va-
lorile glucozei serice ob�inute pe seruri hemoli-
zate, icterice sau hiperlipemice sunt communica-
te cu pruden�� �i înso�ite de preciz�ri suplimen-
tare în buletinul de analiz� privind aspectul seru-
lui (ser hemolizat, icteric, lipemic). 

Limita  minim�  de  detec�ie este  cea
mai mic� concentra�ie a unui analit care poate fi
diferen�iat�  de  blanc (14).  Acest  parametru de
performan�� are relevan�� doar pentru metodele
calitative, de aceea nu a constituit obiectul veri-
fic�rii în timpul procesului de validare (metoda
GOD/PAP este o metoda cantitativ�) (14). Re�i-
nem informa�ia de la produc�tor c� limita mini-
m�  de  detec�ie  a  glucozei  serice  prin  metoda
GOD/PAP este de 2,88 mg/dL.

Limita  minim�  de  cuantificare este
cea mai mic� cantitate a unui analit care poate fi
determinat� cu un grad acceptabil de precizie �i
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acurate�e  (15).  Literatura  de  specialitate  (14)
arat� c� limita de cuantificare se verific� în tim-
pul procesului de validare doar în cazul metode-
lor cantitative prin care se determin� componen-
te majore în concentra�ii mici (traces). Prin me-
toda GOD/PAP determin�m concentra�ii semni-
ficative  ale  unui  component  major  al  serului
uman,  glucoza,  pentru  care  limita  minim�  de
cuantificare cu relevan�� clinic�, conform CLIA,
este stabilit� la 50 mg/dL. 

Acest  parametru este prezentat  �i  în In-
structiunea  de  validare  I-12  oferit�  de  RENAR
unde se arat� c� “…dac� se utilizeaz� un analizor

automat, atunci limita minim	 de cuantificare pe

care o poate o�tine laboratorul este dat� de limita

minim	 a curbei de calibrare. Dac� limita minim	

a curbei de calibrare este dat� de valoarea 0 a

concentra�iei, atunci limita minim	 de m	surare a

analitului va fi foarte probabil mai mare decât 0

(n.n. deci mai mare decât limita minim� a curbei
de calibrare) �i trebuie determinat� de laborator

… dac� aceast� limit� este relevant� din punct de

vedere clinic” (3). �inând cont de faptul c�, pentru
glucoza seric� limita minim� relevant� clinic este
mult mai mare de 0 mg/dL (50mg/dL, dupa CLIA)
(6) în validarea metodei GOD/PAP nu am verificat
acest parametru. 

Precizia/Imprecizia  de  m�surare re-
prezint� gradul de apropiere între valorile canti-
tative ale unui analit ob�inute prin m�suratori re-
petate în condi�ii specificate (16) �i se exprim�
prin devia�ia standard a valorii medii �i coefici-
entul de varia�ie (devia�ia standard procentual�).

Precizia de repetabilitate (intra-assay,

intra-run, intra day precision) exprim� preci-
zia în acelea�i condi�ii de m�surare într-un inter-
val scurt de timp. 

Precizia  de  reproductibilitate  (in-

ter-assay,  inter-run,  inter-day precision)  ex-
prim�  precizia în acelea�i  condi�ii  de m�surare
într-un interval lung de timp. 

Precizia intermediar� exprim� precizia
de m�surare în cazul unor schimb�ri minore ale
sistemului  de  m�surare  (analistul  etc).  Atunci
când  se  utilizeaz�  un  echipament  automat,

by the 0 value of the concentration than the min-

imum limit of measurement of the analyte shall

be most likely higher than 0 (that is higher than
the minimum limit of the calibration curve)  and

should be determined in the laboratory … if this

limit is relevant from a clinical point of view’’ (3).
Taking into account the fact  that  the minimum
limit with clinical relevance for serum glucose is
much higher than 0 mg/dL (50 mg/dL, according
to CLIA) (6), we did not evaluate this parameter
in the GOD/PAP method validation. 

Precision/  imprecision  of  measure-

ment represents the degree of closeness between
the quantitative values of an analyte, is obtained
by repeated measurements under the stated con-
ditions (16) and is expressed by the standard de-
viation of the mean result and the coefficient of
variation (standard deviation). 

The  precision  of  repeatability  (in-

tra-assay, intra-run, intra-day precision)  ex-
presses precision under the same measurement
conditions in a short period of time. 

The  precision  of  reproducibility  (in-

ter-assay,  inter-run,  inter-day precision) ex-
presses precision under the same measurement
conditions in a short period of time.

Intermediary precision  expresses pre-
cision  of  measurement  in  the  case  of  minor
changes of the measuring system (analyst etc). If
automatic equipment is used, the change of the
operator does not significantly influence the pre-
cision of measurement. 

We checked the precision of repeatabil-
ity by repeated determinations of serum glucose
on the same day, in the control serums Level 2
and Level 3. In Table 3 we show in parallel the
statistical  data  of  our  results  and  the  results
achieved by the manufacturer. The coefficients
of variation achieved by determinations conduc-
ted  on  the  two  levels  of  the  control  serum
(0.84% and respectively 0.80 %) are lower than
the  manufacturer’s  coefficients  of  variation
(1.48% and 0.85%). Westgard shows that max-
imum allowed imprecision (I%) of serum gluc-
ose  measurement  is  2.9%  (see  Table  4).  The
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coefficients of variation achieved under repeatab-
ility conditions compared to the manufacturer’s
data and to the information from literature reveal
a precision of repeatability within acceptable lim-
its under specific laboratory conditions. 

The precision of reproducibility (inter-as-
say, inter day precision) was evaluated by daily
glucose measurements on the 2 control sera dur-
ing the period 01-31.03.2010. The statistical data
for the values  obtained as well  as those of the
manufacturer can be found in Table 5. The coeffi-
cient of variation achieved for an average value
of 116 mg/dL glucose is 0.95% and is lower than
the one specified by the manufacturer of 1.21%.
In the case of serum glucose determinations with
pathological values (with an average value of 291
mg/dL) we achieved a coefficient of variation of
1.92 %, slightly similar to the manufacturer’s CV
of 1.88%. Taking into account the maximum al-
lowed imprecision (I%) of 2.9% for serum gluc-
ose  measurement,  according  to  Westgard
(Table 4) (6), our determinations showed an ac-
ceptable  precision  for  serum glucose  measure-
ments under reproducibility conditions. 

schimbarea operatorului nu influen�eaz� semni-
ficativ precizia de m�surare.

Am  verificat  precizia  de  repetabilitate
prin  m�suratori  repetate  a  glucozei  serice  în
aceia�i  zi,  în serurile de control Level 2 �i  Le-
vel 3. În Tabelul 3 sunt prezentate comparativ da-
tele statistice ale rezultatelor proprii �i rezultate-
lor ob�inute de produc�tor. Coeficien�ii de varia�ie
obtinu�i pe m�suratori efectuate pe cele 2 nivele
ale serului de control (0,84% �i respectiv 0,80%)
sunt mai mici decât coeficien�ii de varia�ie ai pro-
duc�torului (1,48% �i respectiv 0,85%). Westgard
arat�  c�  imprecizia  (I%)  maxim admis�  pentru
m�suratoarea  seric�  de  glucoz�  este  de  2,9%
(vezi  Tabelul 4). Coeficien�ii de varia�ie obtinu�i
în condi�ii  de repetabilitate compara�i  cu datele
produc�torului �i datele din literatura de referin��
relev� o precizie de repetabilitate în limite accep-
tabile în condi�iile noastre de laborator. 

Precizia  de  reproductibilitate  (inter-as-
say,  inter-day  precision)  a  fost  verificat�  prin
m�sur�torile de glucoz� din cele 2 seruri de con-
trol  în  fiecare  zi  în  perioada  01  -  31.03.2010.
Datele statistice ale valorilor ob�inute �i cele ale

Table 3. Statistical data of own results and manufacturer’s results for repeatability precision (intra-assay,

intra-run, intra-day precision).

CONTROL SERUM

Level II Level III

Own
result *

Manufacturer 
result

Own 
result *

Manufacturer 
result

Number of measurements 10 20 10 20

Average (mg/dL) 109 119.6 287 316.7

Standard deviation (mg/dL) 0.92 1.7 2.3 2.3

Coefficient of variation (%) 0.84 1.48 0.8 0.85

* data obtained in 17.03.2010

Tabel 4. Maximum allowed imprecision (I%) for serum glucose measurement after Westgard. 

Analyte

Biological 

variation

Desirable

specification

CVw CVg I (%) B(%) TE(%)

Glucose 5.7 6.9 2.9 2.2 6.9

CVw = within-subject biologic variation; CVg = between-subject biologic variation; I = desirable specification for
imprecision; B = desirable specification for inaccuracy; TE = desirable specification for allowable total error (6).
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Accuracy/inaccuracy  represents the de-
gree of closeness between a measured value or the
mean results and the true value of an analyte (1). It
is expressed by Bias, the difference between the
measured value or the mean of results and the true
value (2).  Intra-laboratory accuracy was evalu-
ated by daily glucose measurements on the 2 con-
trol  sera  during  the  period  01-31.03.2010.  The
Bias value is of 1.75% for a mean glucose value of
116 mg/dL and respectively 2.10 % for a mean
glucose value of 291 mg/dL (Table 6). Both Bias
values are lower than the maximum allowed Bias
of 2.2%, according to Westgard. 

The checking of  measurements’  accur-
acy  by  inter-laboratory  comparisons is
showed in  Table 7. The reports from the parti-
cipations  to  the  external  quality  control  from
November 2009 and February 2010 indicate a Z
score smaller  than 2  in  the case of  2 glucose
samples  (with  normal  and  pathologically  in-

Table 5. Statistical data of own results and manufacturer’s results for reproducibility precision 

(inter-assay, inter-day precision)

CONTROL SERUM

Level II Level III

Own 

result *

Manufacturer

result

Own 

result *

Manufacturer

result

Number of measurements 23 20 23 20

Average (mg/dL) 116 121.1 291 320.3

Standard deviation (mg/dL) 1.1 1.5 5.6 5.9

Coefficient of variation (%) 0.95 1.21 1.92 1.88

* measurements during the period 01 – 31.03.2010 

Tabel 6. Statistical calculation for the evaluation of intra-laboratory accuracy by daily glucose

measurements in the 2 control sera during the period 01 – 31.03.2010

CONTROL SERUM

Level II Level III

Average of measured
values*

Target value
Average of measured

values*
Target value

116 114 291 285

Bias = Average – Target value 116 - 114 = +2 291- 285 = +6

Bias % = Bias / Target value x100 2 / 114 *100 = 1.75 6 / 285 *100 = 2.10

Bias% after Westgard (table 4) 2.2

* measurements during the period 01 – 31.03.2010 

produc�torului se reg�sesc în Tabelul 5. Coefici-
entul de varia�ie ob�inut pentru o valoare medie
de glucoz�  de  116 mg/dL este de 0,95%, mai
mic decât cel indicat de produc�tor de 1,21%. În
cazul m�sur�torilor de glucoz�  seric�  cu valori
patologice (cu o valoare medie de 291 mg/dL)
s-a ob�inut un coeficient de varia�ie de 1,92%,
sensibil  apropiat  de  CV  al  produc�torului  de
1,88%. Având în vedere imprecizia (I%) maxim
admis�  pentru  m�sur�toarea  seric�  de  glucoz�
este de 2,9% dup� Westgard (Tabel 4) (6) m�su-
r�torile efectuate de noi au demonstrat o precizie
acceptabil� pentru m�sur�torile de glucoz� seri-
c� în condi�ii de reproductiblitate. 

Acurate�ea/  Inacurate�ea reprezint�
gradul de apropiere dintre valoarea m�surat� sau
media valorilor �i valoarea adev�rat� a unui ana-
lit (1). Se exprim� prin Bias, diferen�a dintre va-
loarea m�surat� sau media valorilor �i valoarea
adev�rat� (2). Acurate�ea intralaborator a fost
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creased level). The Z score in a range of [+2, -2]
points out  an accuracy of  measurement  within
acceptable limits. The results of intra-laboratory
Bias  and of Z score from the external  control
show an acceptable accuracy for serum glucose
measurement by GOD/PAP method under spe-
cific laboratory conditions. 

The validation of the method involves,
as we have already mentioned, besides the eval-
uation of performance parameters, the identific-
ation of factors influencing these parameters and
their degree of influence that  is  estimating the
uncertainty of measurement. 

The measurement uncertainty (UM) is
the range for estimating with a certain probabil-
ity, called level of confidence, the true value of
the measurand (17, 18). 

We  estimated  UM  by  the  analytical
method using it according to the Guide to the
Expression  of  Uncertainty  in  Measurement
(GUM), because the reference material used is
traceable to certified reference materials (MRC)
(19).  In  the  validation  report  we  included  the
values estimated by us for UMextended (total error)
for 2 levels of concentration of serum glucose
(normal and pathologically high). The results of

Table 7. Results of serum glucose determination obtained at the inter-laboratory comparisons 

from November 2009 and February 2010. 

Intercomparison report 
NOVEMBER - 2009

Normal level of glucose High level of glucose

Obtained result 
=105 mg/dL

Average of intercomparison =
95.57 mg/dL

Obtained result 
= 307 mg/dL

Average of intercomparison =
283.8 mg/dL

 Z Score 1.47 1.12

Intercomparison report 
FEBRUARY- 2010

Obtained result 
= 111mg/dL

Average of intercomparison =
113.14 mg/dL

Obtained result 
= 285 mg/dL

Average of intercomparison =
280.13mg/dL

Z Score - 0.34 0.35

rison intercompa of average ofdeviation Standard

rison intercompa of average -result obtained
  score Z =

Z score: acceptable range [-2, +2]

verificat� prin m�sur�torile de glucoz� din cele 2
seruri de control în fiecare zi din perioada 01 -
31.03.2010. Valoarea Bias este de 1,75% pentru
o valoare medie a glucozei de 116 mg/dL �i res-
pectiv 2,10% pentru o valoare medie a glucozei
de 291 mg/dL (Tabel 6). Ambele valori ale Bias-
ului sunt mai mici decât valoarea Bias-ului ma-
xim admis dup� Westgard de 2,2%. 

Verificarea acurate�ii m�sur�torilor prin
compar�ri interlaboratoare  este prezentat� în
Tabelul 7. Rapoartele de la particip�rile la con-
trolul extern de calitate din luna noiembrie 2009
�i luna februarie 2010 arat� un scor Z mai mic
de 2 pentru analiza concentra�iilor serice de glu-
coz� (cu nivel normal �i patologic crescut). Sco-
rul Z într-un interval de [+2, -2] eviden�iaz�  o
acurate�e de m�surare în limite acceptabile. Va-
lorile  Bias-ului  intralaborator  �i  ale  scorului  Z
din controlul extern  arat� o acurate�e acceptabi-
l� pentru m�surarea de glucoz� în ser  prin meto-
da GOD / PAP în condi�ii proprii de laborator.

Validarea metodei presupune, a�a cum a
fost anterior men�ionat, pe lâng� verificarea ca-
racteristicilor  de  performan�� �i  identificarea
factorilor  care  influen�eaz�  aceste  caracteristici
�i gradul de influen�� al acestora, adic� estima-
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rea incertitudinii de m�surare.
Incertitudinea de m�surare (UM) este

intervalul în care se estimeaz� cu o anumit� pro-
babilitate, numit� nivel de încredere, c� se afl�
valoarea adev�rat� a m�surandului (17, 18).

Am estimat  UM prin  metoda  analitic�
utilizând metoda analitic� dup� Guide to the Ex-
pression of Uncertainty in Measurement (GUM),
deoarece materialul de referin�� folosit este trasa-
bil  la  materiale  de  referin�� certificate  (MRC)
(19). În raportul de validare am inclus valorile es-
timate de noi pentru UMextins� (eroare total�, TE)
pentru 2 nivele de concentra�ie a glucozei în ser
(normal �i  patologic crescut).  Valorile  UMextins�

sunt de 9,48% (pentru o concentra�ie medie a glu-
cozei  serice  de 116 mg/dL) �i  respectiv 5,35%
(pentru o concentra�ie medie a glucozei serice de
291 mg/dL). Ambele valori ale UMextins� estimate
sunt mai mici decât 10%, valoarea maxim� admi-
s� de CLIA (vezi Tabelul 8). 

În concluzia raportului de validare am
precizat c� rezultatele de glucoz� seric� m�sura-
te prin metoda GOD/PAP sunt credibile, au pre-
cizie �i acurate�e acceptabile �i sunt înso�ite de
un interval de încredere în limite admise de lite-
ratura de specialitate.

Raportul  de  validare  a  metodei
GOD/PAP în laboratorul nostru este înso�it �i de
declara�ia privind adecvarea la scop a meto-

dei. Am considerat c� metoda GOD/PAP pentru
determinarea  cantitativ�  a  glucozei  serice  este
adecvat� scopului propus în condi�iile noastre de
laborator pentru c�:

• Personalul este competent din punct de
vedere atât al studiilor cât �i al abilit��ilor �i ex-
perien�ei profesionale. 

• Condi�iile de mediu din laboratorul nos-

UMextended are 9.48% (for a mean serum glucose
concentration  of  116  mg/dL)  and  respectively
5.35% (for a mean serum glucose concentration
of 291 mg/dL). Both values of estimated UMexten-

ded are lower than 10%, the maximum allowed
value of CLIA (see Table 8). 

In the conclusion of the validation re-

port we  mentioned  that  the  results  of  serum
glucose by GOD/PAP are credible, have accept-
able precision and accuracy and are accompan-
ied by a range of confidence within the limits
accepted by specialized literature. 

The report of GOD/PAP method valida-
tion in our laboratory is also accompanied by the
statement  on the  method’s  fitness  for  pur-

pose. We considered that the GOD/PAP method
for  serum  glucose  quantitative  determination
was fit for the purpose proposed under our spe-
cific laboratory conditions because: 

• The personnel  are  competent  as  far  as
specialist training, skills and professional exper-
ience is concerned. 

• The  environment  conditions  from  our
laboratory (showed in the validation report) do
not fluctuate during the process. 

• The  working  equipment  is  calibrated
(the calibration certificate is annexed to the val-
idation report) and maintained according to the
manufacturer’s recommendations. 

• Reagents  are  “ready to use” with suit-
able stability.

• The  reference  material  is  traceable  to
the certified reference material. 

• The selected control sera have determin-
ate values and human matrix. 

• We evaluated the following performance
parameters  (according  to  EURACHEM)  which

Table 8. Estimated values of UMextended (total error) - (17) versus CLIA 

(Clinical Laboratory Improvement Amendments) (5) 

Control sera
Average of glucose

values (mg/dL)
Estimated total error

CLIA acceptable performance

for serum glucose

Level 2 116 ±9.48%
± 10%

Level 3 291 ±5.35%
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complied  with  the  initially  stated  acceptability
criteria:  linearity,  measurement  range,  precision
of repeatability and reproducibility, intra-laborat-
ory  accuracy  and  inter-laboratory  comparisons,
measurement uncertainty (total error).

The revalidation of the method was set
by the validation manager and by the laboratory
director for less than 1 year time (provided no
major  change  occurs  in  the  measurement  sys-
tem) because: 

• The precision of reproducibility (CV%)
for the measurements of serum glucose patholo-
gical values is acceptable compared to the man-
ufacturer’s performance (1.92 % versus 1.88%),
but complies with the allowed limit according to
Westgard (1.92% versus 2.9%) (6);

• UMextended for normal serum glucose res-
ults is very close to the acceptable performance
according to CLIA (9.48% versus 10%)

Conclusion

The management of the laboratory and
the personnel involved in the validation of the
method are liable to implement and use it until
the revalidation  date.  The objective evidences,
the  printings  with  all  the  results  achieved  are
stored in safe conditions until revalidation.
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