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SaZetak

Uvod: lako je doprinos laboratorijskoj dijagnostici od integralne vaznosti u
procesu dono3enja klinickih odluka, kvaliteta rada i sigurnost tijekom dijag-
nostickih analiza od kljucnog su znacaja za unaprjedenje zdravstvene zastite
koja je na visokom stupnju Sto se kvalitete i sigurnosti tice. Unatoc izvanred-
nom napretku u kvaliteti cjelokupnog procesa laboratorijske analize, prijea-
naliticka varijabilnost predstavlja vodedi izvor pogresaka i nesigurnosti. Uvo-
denje sistematicne politike biljeZenja prijeanalitickih pogresaka uvelike bi
poboljsala definiranje kljucnih aktivnosti tog procesa, planiranje i pracenje
ucinkovitih radnji s ciljem pobolj3anja cjelokupnog procesa. U ovom ¢lanku
Zelimo dati opis kompjuterskog programa razvijenog za biljeZenje prijeanali-
tickih pogresaka u nasem laboratoriju.

Materijali i metode: Nas smo program razvili na temelju Microsoftovog
programa Access. Glavna polja ukljucena u program obuhvacala su brojac za
progresivno brojanje uzoraka, datum primitka uzorka, identifikacijski broj
uzorka, ime bolesnika, tip pretrage, odjel s kojeg je bolesnik upucen, matriks
uzorka, tip nesukladnosti, radnja koja je poduzeta kako bi se rijeSio problem,
drugo polje za moguce radnje koje su dodatno poduzete, identifikacijski broj
operatera. Baza podataka nalazi se na srediSnjem racunalu unutar naseg la-
boratorijskog informatickog sistema, tako da se do nje moZze doci s bilo kojeg
racunala u laboratoriju, $to omogucuje kontinuirani i standardizirani unos po-
dataka.

Rezultati i rasprava: Uvodenje kompjuterskog programa za sistematicno
biljezenje prijeanalitickih pogreSaka donosi velika poboljSanja, kao Sto su har-
monizacija protokola za biljezenje incidenata, jednostavnost digitalnog bi-
lieZenja, eliminaciju rukom pisanih izvjes¢a, ukljucivanje mjera ucinkovitosti
kljucnih segmenata laboratorijskog rada, jednostavna prilagodba korisniku
(laboratoriju), koriStenje tablica s podacima za opsezne statisticke analize,
poboljsano pretraZivanje i obrada podataka kao i poboljsana izrada statistic-
kih izvjesca.

Klju¢ne rijeci: pogreske; ispitivanje laboratorija; kompjuterski program; in-
formatika; izvananaliticka faza

Pristiglo: 24. studenog 2009.

Abstract

Background: Although the contribution of laboratory diagnostics is integral
to the clinical decision making, quality and safety in diagnostic testing are
essential to furthering the goal of high-quality and safe healthcare. Despi-
te remarkable advances in the quality of the total testing process, the prea-
nalytical variability is the leading source of errors and uncertainty. As such,
the implementation of a systematic policy for recording preanalytical errors
would grant major benefits for identifying critical activities of this process,
planning and monitoring effective actions for improvement. The aim of this
article is to describe the software developed for the recording of preanalyti-
cal errors in our laboratory.

Materials and methods: We have developed error recording software ba-
sed on Microsoft Access. The main fields included in the software comprehe-
nd a numerator for progressive enumeration of the samples, the date of re-
ceipt of the specimen, the Sample ID, the patient’s name, the type of request,
the referring ward, sample matrix, the type of non-conformity, the action
undertaken to solve the problem, a second field for possible additional ac-
tions undertaken, and the operator ID. The database is stored on a common
repository in our laboratory information system, so that it can be accessed by
any computer in the laboratory, allowing continuous and standardized input
of the data.

Results and discussion: The implementation of a software for systemati-
cal recording of preanalytical errors grants major benefits, including harmo-
nization of incident reporting practices, simplicity of digital recording, elimi-
nation of handwritten reports, inclusion of validated measures of laboratory
performance, handily customization, exportation on worksheets for compre-
hensive statistical analyses, improved data searching and processing, as well
as production of improved statistical reports.

Keywords: errors; laboratory testing; computer program; informatics; extra-
analytical phase
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Uvod Introduction

Oduvijek je doprinos laboratorijske dijagnostike bio od
integralne vaznosti u donosenju klini¢kih odluka, pruza-
juci znacajan doprinos probiru, dijagnozi, pra¢enju i kon-
troli bolesnika. U tom su procesu kvaliteta i sigurnost la-
boratorijskih analiza od klju¢ne vaznosti u unapredenju
zdravstvene zastite, koja je na visokom stupnju sto se tice
kvalitete i sigurnosti (1). lako se u zadnjih nekoliko deset-
lje¢a postotak pogresaka u klinickim laboratorijima zna-
¢ajno smanijio, trenutno dostupni dokazi pokazuju da se
pogreske ¢es¢e dogadaju u prije- i poslijeanalitickoj fazi
cjelokupnog procesa laboratorijske analize nego u samoj
analiti¢koj fazi (2). Prijeanaliti¢ka varijabilnost je glavni iz-
vor pogresaka, bududi da se 70% pogresaka koje se doga-
daju tijekom cjelokupnog dijagnosti¢kog procesa dogada
upravo u toj fazi te moze imati neZeljen utjecaj na nalaze,
zdravlje bolesnika i organizaciju rada u laboratoriju (3-5).
Ako pogledamo s prakti¢ne strane, mozemo reéi da se
smanjenje pogresaka moZze posti¢i primjenom sustava za
upravljanje kvalitetom, koji obuhvaca integrirani pristup i
visestranu strategiju za analizu procesa i rizika, koja se te-
melji na pouzdanim indikatorima kvalitete za analiti¢ku i
izvananaliticku fazu (6). Sve to ¢ini prikladan, djelotvoran
i viSestran pristup za sprecavanje, otkrivanje, biljezenje,
analizu i upravljanje pogreskama (7,8). Informaticka zna-
nost pruza veliku pomo¢ laboratorijskim stru¢njacima u
otkrivanju, kontroliranju i smanjenju postotaka pogresaka
u cjelokupnom procesu laboratorijske analize, ukljucujudi
prije- i poslijeanaliticku fazu (9). Uvodenje kompjuterskog
programa za sistemati¢no biljezenje pogresaka, posebno
u laboratorije koji nemaju laboratorijski informaticki sus-
tav (engl. laboratory information system, LIS) donijelo bi
velike prednosti u usporedbi s klasi¢nim vodenjem pi-
sanih tabli¢nih evidencija, ukljuc¢uju¢i moguénost izrade
odgovarajucih statistickih analiza i izvje$¢a o prijeanalitic-
kim pogreskama. Cilj je ovog ¢lanka opisati kompjuterski
program razvijen za biljeZenje prijeanalitickih pogresaka
u nasem laboratoriju.

Materijali i metode

Prema prihvacenim preporukama Radne skupine za Izva-
nanaliti¢cku varijabilnost pri otkrivanju nesukladnih uzora-
ka i njihovim upravljanjem u klini¢kim laboratorijima ko-
ja je proizasla iz suradnje tri talijanskih drustava: Drustva
za klinicku biokemiju (engl. Society of Clinical Biochemistry
and Clinical Molecular Biology, SIBioC), Talijanskog drustva
za laboratorijsku medicinu (engl. Italian Society of Labora-
tory Medicine, SIMel) i Talijanskog povjerenstva za stan-
dardizaciju hematoloskih i laboratorijskih metoda (engl.
Italian Committee for Standardization of Hematological and
Laboratory Methods, CISMEL) (10), razvili smo kompju-
terski program za biljezenje pogresaka koji se temelji na

Ever since, the contribution of laboratory diagnostics is
integral to the clinical decision making, providing a sub-
stantial contribution to screen, diagnose, monitor and fol-
low-up of the patients. In this scenario, quality and safety
in laboratory testing are essential to furthering the goal
of high-quality and safe healthcare (1). Although a sig-
nificant decrease of the error rate in clinical laboratories
has occurred over the past decades, currently available
evidence demonstrates that the pre- and post-analytical
activities of the total testing process are more error-pro-
ne than the analytical phase (2). Preanalytical variability,
in particular, is a major source of concern because it ac-
counts for up to 70% of the errors occurring within the
entire diagnostic process, it can adversely impact on test
results, patient’s health and laboratory organization (3-5).
From a practical point of view, error reduction can be ac-
hieved through a total quality management system, en-
compassing an integrated approach and a multifaceted
strategy for process and risk analysis funded on reliable
quality indicators for both the analytical and extra-ana-
lytical phases of testing (6), and a suitable, effective and
multifaceted approach for prevention, identification, re-
cording, analysis and management of errors (7,8). Infor-
mation technology provides a valuable aid to laboratory
professionals for identifying, controlling and decreasing
the error rate in the total testing process, including the
preanalytical and postanalytical phase (9). As such, im-
plementation of a software for systematical recording of
errors, especially for those laboratories that do not have
a laboratory information system (LIS), would carry great
advantages over classical paper datasheets, including
the possibility to produce proper statistics and reports
on preanalytical errors. The aim of this article is to descri-
be the software developed for the recording of preana-
lytical errors in our laboratory.

Materials and methods

Following the consensus recommendations of the lIta-
lian Inter-society SIBioC-SIMelL-CISMEL (Society of Clini-
cal Biochemistry and Clinical Molecular Biology - Italian
Society of Laboratory Medicine - Italian Committee for
Standardization of Hematological and Laboratory Metho-
ds) Study Group on Extra-analytical Variability for detec-
tion and management of unsuitable samples in clinical
laboratories (10), we have developed an error recording
software based on Microsoft Access for facilitating and
standardizing the practice of recording unsuitable sam-
ples in our laboratory. Microsoft Access was chosen for
several reasons. First, it is widely available on most per-
sonal computers and laptops, then it is relatively easy to
use and does not require peculiar informatics skill to be
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Microsoftovom programu za baze podataka Access, kako
bi omogucili i standardizirali praksu biljeZzenja nesuklad-
nih uzoraka u nasem laboratoriju. Microsoft Access smo
odabrali iz nekoliko razloga. Prvi je da je u Sirokoj prim-
jeni na vedini osobnih i prijenosnih racunala. Nadalje, re-
lativno je jednostavan za uporabu i ne zahtjeva posebne
informaticke vjestine programiranja te naposljetku, doz-
voljava preno$enje podataka u razli¢ite programe za sta-
tisticku obradu podataka (npr. Excel).

Glavna polja uklju¢ena u program obuhvacaju broja¢ za
progresivno brojanje uzoraka, datum primitka uzorka,
identifikacijski broj uzorka, ime bolesnika, tip pretrage
(hitna/rutinska pretraga), odjel s kojeg je bolesnik upu-
¢en, matriks uzorka (npr. EDTA puna krv, serum, EDTA
plazma, citratna plazma, mokrada, itd.), tip nesukladnosti
(npr. uzorak hemoliziran; uzorak zgrusan, itd.), radnja koja
je poduzeta kako bi se rijesio problem (npr, zatrazen do-
datni uzorak; ponisten rezultat, itd.), drugo polje za mo-
guce radnje koje su dodatno poduzete (npr. zatrazeni
drugi uzorak/uzorci; ponisten rezultat; obavijesten odjel),
identifikacijski broj operatera (Tablica 1.). Graficki izgled
polja za unos prikazan je na slici 1. Baza podataka smjes-
tena je na srediSnjem racunalu u nasem laboratorijskom
informacijskom sustavu, tako da se do nje moze do¢i s bi-
lo kojeg racunala u laboratoriju, $to omogucuje kontinui-
rani i standardizirani unos podataka.

TaBLICA 1. Polja i sastav baze podataka

Development of a preanalytical errors recording software

programmed and, finally, it allows exportation or down-
load of data on several statistics platforms (e.g., Excel).

The main fields included in the software comprehend a
numerator for progressive enumeration of the samples,
the date of receipt of the specimen, the Sample ID, the
patient’s name, the type of request (stat/routine), the
referring ward, sample matrix (e.g., whole blood EDTA;
serum; EDTA plasma; citrated plasma, urine, etc.), the
type of non-conformity (e.g., sample hemolyzed, sample
clotted, etc.), the action undertaken to solve the problem
(e.g., request additional specimen, results suppressed,
etc), a second field for possible additional actions under-
taken (e.g., other sample/s requested; results suppressed;
notified ward), and the operator ID (Table 1). The definiti-
ve graphical layout is shown in figure 1. The database is
stored on a common repository in our laboratory infor-
mation system, so that it can be accessed by any compu-
ter in the laboratory, allowing continuous and standardi-
zed input of the data.

TaBLE 1. Fields and composition of the database

Field Category Option Items

Numerator Numerical Progressive enumeration -

Date Date Free text -

Sample ID Numerical Free text -

Patient name Text Free text -

Type of request  Text Predetermined list Routine/Stat/Emergency

Sample matrix Text Predetermined list Whole blood EDTA; Serum; EDTA Plasma; Heparin Plasma; Citrated
Plasma; Urine; CSF; etc...

Hospital ward Text Predetermined list e.g., Emergency Department; Intensive Care Unit; Surgery 1; Surgery
2, etc.

Type of non Text Predetermined list Sample not received; Sample collected in wrong conditions; Sample

conformities lost in the laboratory; Sample improperly labeled; Test request missi-
ng or unintelligible; Identification Error; Inappropriate or wrong con-
tainer; Sample hemolyzed, Sample clotted; Sample insufficient; Sam-
ple contaminated; Sample with inadequate blood/anticoagulant ratio;
Samples damage in transport; Sample improperly stored.

Action Text Predetermined list Other sample/s requested; Results suppressed; Notified ward; Notified

undertaken supervisor.

Additional action Text Predetermined list Other sample/s requested; Results suppressed; Notified ward; Notified

undertaken supervisor.

Operator ID Text Free text

Biochemia Medica 2010;20(1):90-5
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SLIKA 1. Grafi¢ki izgled kompjuterskog programa za biljezenje prijea-
nalitickih pogresaka

Rezultati i rasprava

Opcenito se smatra da je potrebno poboljsati i integrira-
ti pitanje sigurnosti kroz sve razine zdravstvene zastite,
$to omogucuje proaktivno djelovanje i smanjenje velikog
broja medicinskih i dijagnosti¢kih pogre$aka. Bududi da
pitanja kvalitete rada i sigurnosti pojavljuju jedno uz dru-
go u tom kontekstu, pojacava se potreba za smanjenjem
laboratorijskih pogresaka. Sve veca svjesnost da se po-
greske Cesce dogadaju u izvananalitickoj nego u analitic-
koj fazi laboratorijskog rada, pokrenula je vazne inicijative
za smanjenje nesigurnosti na tom podru¢ju (11), kao $to
je usmjeravanje paznje na sakupljanje podataka o ucesta-
losti pojedinih postupaka izvananaliticke faze laboratorij-
skog rada u nekim Europskim zemljama (12,13).

Sistemati¢no otkrivanje i biljezenje prijeanalitickih pogre-
saka od klju¢ne je vaznosti, buduci da ¢e doprinijeti us-
mjeravanju odredenih odgovornosti, obavjestavanju o
stanju prijeanalitickih procesa na odjelima ili zavodima
na kojima se pogreske ¢es¢e dogadaju, rjesavanju prob-
lema, i time pruza idealnu podlogu za uklanjanje uskih
grla i slabih to¢aka te pomaze u reorganizaciji strukture
¢itavog sustava dijagnostickog analiziranja kako bi pos-
tao sigurniji i djelotvorniji. Informatika sluzi kao podrska
tom procesu te se smatra djelotvornim sastavnim dije-
lom u poboljsanju kvalitete i sigurnosti u laboratorijskoj
dijagnostici (14). Uvodenje programa za biljezenje prijea-
nalitickih pogresaka u dnevnom radu laboratorija moze
stoga uvelike koristiti buduci da omogucuje harmoniza-

FIGURE 1. Graphical layout of the preanalytical errors recording sof-
tware

Results and discussion

It is generally assumed that we need to improve and
internalize the culture of safety throughout all levels of
healthcare, for being proactive and reducing the large
burden of medical and diagnostic errors. As quality and
safety movements gallop along, the need to reduce la-
boratory errors spreads contextually. The growing awa-
reness that extra-analytical activities of the total testing
process are more vulnerable to errors than the analytical
ones has led to important initiatives for reducing the
uncertainty in this area (11), such as the focus currently
being placed on collecting information on self reported
routines and procedures for the extra-analytical phases
of laboratory practice in some European countries (12,13).

As such, the systematic identification and recording
of preanalytical errors is essential, since it would help
streamline specific responsibilities, produce useful infor-
mation on the local development of preanalytical pro-
cesses, on wards or departments more prone to errors,
troubleshoot faults, thus providing the ideal root for
eliminating bottlenecks and flaws, and redesigning the
structure of the entire system of diagnostic testing mo-
re safely and efficiently. Process-supporting information
technology has been heralded as an effective building
block to improve the quality and safety of laboratory
diagnostics (14). The implementation of a software for
recording preanalytical errors in the daily practice would
thereby grant major benefits, in that it would enable to
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ciju postupaka kod prijave incidenata te olaksava digital-
no biljeZzenje (15). Dodatne prednosti kompjuteriziranog
sustava koji smo razvili obuhvacaju jednostavnu primje-
nu (program se temelji na Microsoftovom Accessu kojeg
mozemo naci na svakom osobnom i prijenosnom racuna-
lu pa ¢ak i na smart phone uredajima), obustavu pisanih
izvje$ca, moguce prijevode na razne jezike, ukljucivanje
niza mjera ucinkovitosti klju¢nih segmenata laboratorij-
skog rada, kao $to su indikatori kvalitete koje je predloZila
Radna skupina Laboratorijske pogreske i sigurnost boles-
nika (engl. Laboratory Errors and Patient Safety, WG-LEPS)
koja djeluje u sklopu Medunarodne federacije za klinicku
kemiju i laboratorijsku medicinu (engl. International Fede-
ration of Clinical Chemistry and Laboratory Medicine, IFCC)
(16), spretnu prilagodbu laboratoriju i njegovim potreba-
ma, kao i standardizaciju formata izmedu raznih laborato-
rija, Sto bi medulaboratorijske usporedbe ucinilo realniji-
ma. Baza podataka moze se linkom povezati s Excelom, ili
se njeni podaci mogu prebaciti u Excel tablicu, $to stvara
dodatnu prednost nad tradicionalnim tablicama podata-
ka, jer je na ovaj nacin moguce napraviti opseznu statis-
ticku analizu tipova i ucestalosti pogresaka, uklju¢ujuci
niz podataka (npr. brojanje uzoraka, datum prijema uzor-
ka, identifikacijski broj uzorka, ime bolesnika, tip pretrage
(hitna/rutinska), odjel, matriks uzorka), moguce je pobolj-
$ano pretrazivati i obraditi podatke, napraviti bolja statis-
ticka izvjesca i promatrati djelotvornost promjena, koje se
po potrebi trebaju uvesti u odredene faze laboratorijske
analize. Svi ti aspekti mogu vjerodostojno podrzati napo-
re za poboljsanje kvalitete rada u laboratorijskoj dijagnos-
tici, pogotovo u dijelu izvananaliti¢kih faza (17).

Sustav u nasem laboratoriju funkcionira odnedavno, tako
da do sada jo$ nismo mogli sakupiti statisti¢ki znacajne
podatke. Sljededi korak je usporediti tu analizu s prethod-
nom praksom, odnosno s izvjes¢ima o pogreskama iz pri-
jasnje evidencije. Medutim, ve¢ moZemo primijetiti da se
praksa sistemati¢nog izvjeStavanja u nasem laboratoriju
znacajno poboljsala, uvelike je pojednostavljena i stan-
dardizirana unutar raznih odjela i stru¢njaka. lako neki la-
boratorijski informaticki sustavi za upravljanje (engl. labo-
ratory information management systems, LIMS) kao $to su
Swisslab (F. Hoffmann-La Roche, Basel, Svicarska), Starlims
(STARLIMS Corporation Hollywood, FL, SAD) imaju ve¢ in-
tegriranu moguc¢nost pracenja i biljezenja kvalitete uzor-
ka i prebacivanja tih podataka u standardni program za
izradu opseznih statistickih analiza, program koji smo mi
razvili ima prednosti za one laboratorije koji nemaju LIS
niti LIMS s moguc¢noscu biljeZzenja pogresaka ili za one ko-
ji zele nastaviti koristiti postojeci laboratorijski informacij-
ski sustav te ne Zele preci na skuplji LIMS.
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harmonize procedures of incident reporting and facilita-
te digital recording (15). The additional advantages of the
computerized system that we have developed encom-
passes easy of use (the software is based on Microsoft
Access, which is integrated in the software of most office
computers, laptops and even smart phones), elimination
of handwritten reports, possible translation into different
languages, inclusion of a variety of validated measures
of laboratory performance such as the quality indicators
proposed by the Working Group, “Laboratory Errors and
Patient Safety (WG-LEPS) of the International Federation
of Clinical Chemistry and Laboratory Medicine (IFCC)
(16), handily customization to suit local needs as well as
standardization of formats among different laboratories
which would make both comparison and benchmarking
more viable. The database can also be linked to or impor-
ted in an Excel worksheet, thereby carrying additional
advantages over traditional paper datasheets, that are
the possibility to perform comprehensive statistical ana-
lyses on errors type and frequency including a variety of
data (e.g., enumeration of the samples, the date of recei-
pt of the specimen, the Sample ID, the patient’s name,
the type of request - stat/routine -, the referring ward,
the sample matrix), improved data searching and pro-
cessing, production of better statistical reports, and to
monitor the effectiveness of changes eventually introdu-
ced throughout the different activities of the total testing
process. All these aspects might trustworthily support
the ongoing efforts to improve the quality of laboratory
diagnostics, especially the quality of the extra-analytical
activities (17).

The system has been established in our lab very recently,
so no statistically significant information could be col-
lected thus far. As such, the next necessary step is to
benchmark this analysis with the previous practice that
was reporting errors on traditional datasheets. As yet,
however, we can comment that practice of systematical
error reporting in our laboratory was substantially increa-
sed, greatly eased and standardized among the different
sections and professionals. Although some laboratory
information management systems (LIMS) e.g. Swisslab (F.
Hoffmann-La Roche, Basel, Switzerland), Starlims (STAR-
LIMS Corporation Hollywood, FL, USA) have already the
capability to monitor and record sample quality and to
export these data to standard software for comprehen-
sive statistical analysis, the software we have developed
may be advantageous for those clinical laboratories that
do not have a LIS or LIMS with error-recording options, or
which want to remain on the old LIS without moving to a
more expensive LIMS.
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