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NARODNY REGISTER ZDRAVOTNYCH VYKONOV
V KLINICKEJ BIOCHEMII. VERZIA 3

JAN BALLA!, DRAHOSLAV GABOR?
KATARINA SCHMIDTOVA?

! Analyticko-diagnostické laboratorium, s.r.o., Presov
Fakultna nemocnica s poliklinikou F.D. Roosevelta
Banska Bystrica
*Klinika laboratornej mediciny, Synlab SK s.r.o., Bratislava
Slovensko

Sucasny katalog zdravotnych vykonov, povodne imple-
mentovany do slovenského zdravotnictva z Nemecka pred
dvadsiatimi rokmi, odzrkadluje charakteristické¢ znaky po-
Ciatkov transformacného procesu v zdravotnickom sektore
Slovenskej republiky. Analyza jeho problémov ukazuje na
mnohé systémové nedostatky a nespocetné formalne chyby,
ktoré sa rokmi zakonzervovali a doteraz neboli odstranené
ani opravené. Klu¢ovym faktorom zdravotnickych systémov
a motorom ich reforiem vo svete, a samozrejme nevynimajuc
ani SR, su obmedzené finan¢né zdroje, ktoré su do sektoru
nalievané. Zoznam (katalég) zdravotnych vykonov v labora-
tornych odboroch je kritickym prvkom, na zaklade ktorého
sa prerozdeluju finan¢né prostriedky pre laboratoria. Sucas-
ny zoznam nie je objektivnym prostriedkom na hodnotenie,
posudzovanie, riadenie a ocenovanie jednotlivych laborator-
nych vykonov a ¢innosti alebo pracovisk. Jeho principialne
nedostatky boli presne analyzované uz pred 14 rokmi a su
publikované v modrej knizke SNOLAMED [1].

1. Nejednotny rozsah informacii o vykonoch. Prejavuje sa
to niekde vel'mi struénymi, na inom mieste prili§ rozsiahlymi
nazvami a popisom laboratérnych vykonov. Tento Styl sta-
Zuje jeho priamu aplikaciu nielen v lokalnych informac¢nych
systémoch, ale brani zavedeniu Standardného Narodného re-
gistra laboratornych vykonov. Vlastné modifikacie a upravy v
tomto smere s zdrojom chyb a celoplo§nej nejednotnosti.

2. Problémy interpretacie vykonov. Niektoré vykony
svojim rozsahom nezodpovedaju skuto¢ne vykonavanej ¢in-
nosti (typu vySetrenia, oSetrenia, analyzy a pod.).

3. Duplicita niektorych vykonov je sposobenad nejed-
notnou terminoldgiou alebo zaradenim tych istych vykonov
viacerymi odbornostami (niekedy pod inym nazvom).

4. Niektoré vykony nemaju spravnu slovensku termino-
logiu, vyskytuju sa nielen terminologické, ale aj gramatické
a odborné chyby.

5. Formalna nejednotnost ¢lenenia Zoznamu. Vykony
su ¢lenené a definované podla roznej filozofie:

a) druhu vySetrovaného materialu,

b) technologického procesu vySetrenia,
¢) metodologického pristupu

d) organov, atd.

Sposobuje to stazené vyhladanie vykonov a chaoticku
orientaciu v Zozname.

6. Problém doplnkovych vykenov. V existujucom Zozna-
me nie je definovany rozsah a ich vézba na zakladné vykony.

7. Chyba spravca zoznamu vykonov. Zaradenie novych
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a vyradenie uz neaktualnych vykonov musi byt jednoduché
a systematické. Z Katalogu sa za niekol'ko rokov stal ,trhaci
kalendar® niektorych lobistickych skupin.

8. Zastaranost a rigidnost zoznamu. S vynimkou lobistic-
kych vsuviek Zoznam ako celok sa po mnohych rokoch zakon-
zervoval a stal archaickym. Mnoh¢ vykony sa nepouzivaju, su
~mrtve“, obsolentné, iné, nové, moderné a ucinnejsie chybaju.

9. So Zoznamom zdravotnickych vykonov nie je v sula-
de ani systém statistického vykaznictva. Statistika jednotli-
vych laboratérnych odborov sa navzajom vyrazne lisi a ne-
vedno, komu a comu vlastne v tejto podobe sluzi.

10. Sucasny Zoznam neobsahuje informacie potrebné
na stanovenie ceny, o neumoZnuje jeho priame vyuZitie
Vv procese cenotvorby.

11. Zoznam je absolutne nevyhovujici pre modely eko-
nomického hodnotenia efektivity a porovnavania efektivnos-
ti prace.

12. Elektronicka forma. Zoznam bol povodne napisany
v textovom editori T602 a neumoznuje triedenie vykonov,
vytvaranie zoznamov a struénych verzii, filtraciu udajov
a komplikuje export dat do inych typov textovych editorov.

Vplyv globalnych zmien, technologicky pokrok, ekono-
mické restrikcie, centralizacia a konsolidacia poskytovate-
Iov laboratornych sluzieb si nevyhnutne vyZaduje objektivny
nastroj na realizaciu tychto cielov. Novy navrh Narodného
registra zdravotnych vykonov v Kklinickej biochémii. Verzia 3
respektuje:

e vnutornu kompatibilitu a pribuznost laboratornych

odboroyv,

¢ medziodborovu proporcionalitu vykonov,

e zvlastnosti a Specifika jednotlivych laboratornych

odboroyv,

e spravnu slovensku terminologiu a nomenklaturu,

¢ unifikovany format (odbor, kapitola, kod, nazov vy-
konu, skratka vykonu, charakteristika vykonu, vykazovanie
vykonu, ¢as vykonu, uréenie nového, rozdeleného resp. zru-
Seného vykonu, duplicitu vykonu, miesto vykonu, nositela
vykonu, zvlast vykazované lieCivo alebo pomdcku, autora,
resp. zodpovedného rieSitela vykonu) lahko aplikovatelny
do jednoduchej pocitacovej databazy.

Novy navrh Ndrodného registra zdravotnych vykonov v kli-
nickej biochémii spina vietky poziadavky, ktoré predlozilo
MZ SR. Klinicka biochémia vloZila do predpisaného forma-
tu MZ SR novy pridany prvok - vo svete bezne pouZzivanu
referencnu skratku vykonu, ktora je uZivatelmi Zoznamov
najviac pouzivanym vyhladavacim nastrojom v elektronic-
kych zoznamoch. Na druhej strane nam v predpisanom for-
mate MZ SR silne chyba prvok kategorizacie laboratérnych
vykonov podla naro¢nosti ich vykonania, ktory je objektiv-
nou zarukou spravnej a korektnej tvorby realnej a ekono-
micky odovodnenej ceny laboratérneho vykonu.

LITERATURA

Balla, J., Lepej, J., Keleova, A.: SNOLAMED. Systematic-
ka nomenklatura v laboratornej medicine a v ostatnych
odboroch Spolo¢nych vysetrovacich a lieGebnych zlo-
ziek. Presov, 1999




FIREMNY MIDDLEWARE AKO NASTROJ
PRE RIADENIE INTERNEJ KONTROLY KVALITY

MIROSLAYV BISCHOF
BECKMAN COULTER

Praha
Ceska republika

Vice laboratornich informaénich systémut zahrnuje i za-
kladni software pro spravu a management vysledki méfeni
jen kontrolnich materialt. Na zakladé potieb a pozadavka
na kvalitu a datovy management klinickych laboratofi bylo
nutné vytvorit novy software pro zlepSeni validace a potvr-
zovani pacientskych vysledkii. REMISOL ADVANCE EQC
modul umoznuje nasledujici funkce:

Management kontrolnich materiald ze vSech napoje-
nych i nenapojenych analyzatort klinické laboratoie z jed-
noho ¢i vice mist (pracovnich stanic).

Management kontrolnich materiali podle kritérii:

¢  Westgardovy pravidla pro jednu hladinu (1-28S, 1-3S,
2-28, 3-1S, 4-18, 10X, 12X)

¢  Westgardovy pravidla pro vice hladin (2-2S, (20f3)
28, R4S, 3-18, 4-18, 10X, 12X)

e Pravidla zaloZena na rozmezi (mimo rozmezi, varov-
n4, chybova rozmezi) v souladu s Rili-bdk

Management Sarzi kontrolnich materiali

Management zaloZeny na pacientskych datech “patient
based qc” (statistika pacientskych vysledkli) podle kritérii:

e Klouzavy primér

¢ EWMA (Extended Weighted Moving Average)

e Xb

Moznost filtrovani “patient based qc” podle odd€leni,
pohlavi, véku, ...

Novy typ grafického vyjadreni:

e Levey Jennings

e Stewart

¢ Klouzajici primér

¢ Distribucni grafy

Moznost grafického prolinani vysledka pro jednoduché
porovnani (soucasné znazornéni vice hladin nebo vice ana-
lyzatori).

Detailni statistika podle Casovych usekti (den, tyden,
mésic nebo vlastni vybér).

Statistika ,,Date to date®.

Interakce se SW Remisol Advance umoziujici aktivovat
nasledujici akce (na zaklad€ abnormalnich vysledk):

e Zobraz specifické/pfeddefinované chybové hlaseni

e Zobraz specifické/preddefinované varovné hlaseni

Zastaveni automatické validace parametrt v pripadé sel-
hani pravidel (pro specifické analyzatory).

Zastaveni programovani analyzatoru pri detekci chyby.

Akceptace dat z vice zdroju:

¢ SW Remisol Advance (kontrolni a/nebo pacientska
data)

e Manualni vklad dat (pro nenapojené analyzatory)

¢ 7z jednotlivy}ch QC moduld laboratofe (umozZiuje
migraci dat do nového systému)

LABORATORNA DIAGNOSTIKA 1-2/09

e ze soubori CSV (text delimited) pouzivajici speci-
ficky format
Export dat to soubortt CSV

Several products used in diagnostics environment inclu-
de a basic quality control management (Westgard and Ran-
ge/Rili-bédk for single levels) dedicated to material control
only.

As quality control becomes a key feature of data ma-
nagement, and as regulations become stricter and stricter
(in all countries), it was decided to create a new Quality
Control software to improve the validation and release of
patient results. The REMISOL ADVANCE EQC (Exten-
ded quality Control) module was born.

The EQC software provides the following functionali-
ties:

Management of material control with the following rules:

e Westgard on single levels (1-2S, 1-3S, 2-2S, 3-1S,
4-18, 10X, 12X)

¢ Westgard on multi levels (2-2S, (20f3)2S, R4S, 3-18,
4-18, 10X, 12X)

¢ Rules based on ranges (out ranges, warning ranges,
error ranges), this to match Rili-bak

Management of control lots

Management of ,patient based qc* (statistics on patient
results) with the following rules:

* Moving Average

¢ EWMA (Extended Weighted Moving Average)

¢ Xb

Possibility to filter the ‘patient based qc’ by department,
sex, age, ...

New types of graphics:

¢ Levey Jennings

e Shewart

* Moving Average

¢ Distribution Charts

Possibility to overlay graphics for easy comparison (mul-
tiple levels or multiple instruments)

Detailed statistics by period (day, week, month or as ma-
nually selected)

Date to date statistics

Interaction with Remisol Advance allowing the acti-
vation of following selectable actions (based on abnormal
results):

¢ Display of specific / predefined error messages

¢ Display of specific / predefined warning messages

Stopping the automatic validation of parameters failing
rules (for specific instruments)

Stopping the instrument programming when a failure
is detected

Acceptation of data from multiple sources:

¢ From Remisol Advance (controls and/or patient data)

e Manual data entry (for non connected instruments)

¢ From the (old) embedded QC module, allowing the
migration of old data into the new product

¢ From CSV files (text delimited) using a specific for-
mat

Export of data to CSV files




POINT-OF-CARE TESTING (POCT):

A LABORATORY TESTING PERFORMED AT
THE PATIENT’S BEDSIDE AT A DISTANCE FROM
THE CENTRAL LABORATORY NEAR PATIENT
AT BEDSIDE

PAVEL BLAZICEK

Alpha Medical Bratislava

Uvod k problematike POCT

Na uvod som si dovolil citovat z prace dr. Othmana,
lebo si myslim, Ze vystizne vystihuje celu problematiku
POCT.

»Point-of-Care Testing (POCT) is a laboratory tes-
ting performed at the patient‘s bedside at a distance
from the central laboratory near patient at bedside. A
well-planned and organized POCT program (POCTP),
with great emphasis on patient safety and quality, can
achieve compliance with preestablished regulatory requ-
irements. The result should be the provision of high-
quality patient care which will satisfy the customer‘s
needs“ (Y.H.Othman)*“.

Rychla a presna analyza je velmi dolezita. Povinnos-
tou kazdého laboratdria je zniZovat ¢as odozvy (TAT)
a v tomto moze byt POCT prinos. Vo svete je POCT
akceptovana a vela problémov je vyrieSenych. Na SK
okrem skutoénych problémov, mame eSte aj problém,
ktory jasne pomenovali biochemici-manazéri. ,POCT nam
bude odcerpavat body“. Je to sice pravda, ale klinicka
biochémia je tu pre klinikov, aby mohli spravne diagnos-
tikovat a lieCit pacienta a teda hlavny prinos z rychlej
a presnej inormacie by mal mat pacient. Na Labkvalite
2009 sme sa rozhodli s MUDr. Spafiarom poskytntit Vam
komplexnu informaciu o POCT, o jeho perspektivach,
0 vyuZziti v nemocnici a praktické vyuzitie v ambulancii
praktického lekara. Verim, Ze sa nam to podari.
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Zaujemcov o problematiku POCT dovolujem si
upozornit na Casopis:

Poi n t o f cTsoFaéﬂear-Pati(e;lFT)egglll'echno!ogy

P

Z. obsahu decembrového cisla (December 2008)

e How to Manage Successful Point of Care Testing
Program

¢ Nursing Role in Point-of-Care Testing

¢ Quality Assurance and Accreditation in Point-of-Care
Testing

¢ Point-of-Care Testing and Patient Safety-A Partner-
ship

e Use of Stabilized Whole Blood for Glucose Profi-
ciency Testing at Point-of-Care Sites

e Wishes for the Future of Point-of-Care Testing

* My Point-of-Care Wish List

¢ Point-of-Care Testing: 3 New Developments Needed
for Future Growth

e Practically Practical Requests for the Next Genera-
tion of Point-of-Care Testing

e Point of Need, Global Outreach, and a Universal
Companion

e The Grand Point-of-Care Challenge

¢ Standardization, Harmonization, and Realization

¢ Knowledge = Education = Mind Connectivity:
Using Telemedicine to Achieve a Global Vision for
Point-of-Care Testing




TRACEABILITY AS A MEAN TO OBTAIN WORLDWI-
DE USEFUL REFERENCE INTERVALS IN CLINICAL
ENZYMOLOGY

FERRUCCIO CERIOTTI

Diagnostica e Ricerca S. Raffaele S.p.A.
Ospedale San Raffaele, Via Olgettina 60, 20132 Milano
Italy

The present situation of the reference intervals in clini-
cal enzymology is discomforting: on a database of about
590 Italian laboratories for ALT measurement 90 different
reference intervals are indicated just for males. Forty two %
of the laboratories use identical intervals for males and fe-
males. If we restrict the field to the methods that claim to
be “according to IFCC with pyridoxal phosphate” (only
93 labs), we still find males upper reference limits spanning
from 40 to 72U/L) with lower limits spanning from 0 to
30U/L (lower and upper limits almost overlap!). The pres-
ence of different analytical principles combined to labora-
tory dependent reference intervals creates a dangerous mix.
But substituting the decision levels for the reference ranges,
instead of normalizing the situation adds confusion to con-
fusion. It can be easily demonstrated that the combination
of different methods with inappropriate reference ranges
reduces the comparability of the clinical information pro-
vided instead of increasing it. To improve the situation is
mandatory to work on both problems: first to reduce the
inter-laboratory — inter-method variability implementing a
reference measurement system for the catalytic activities of
the enzymes and, second, to define better reference inter-
vals using the standardized methods.

IFCC has defined the primary reference methods for all
the most commonly measured enzymatic activities (only Al-
kaline Phosphatase is still in process, but it will be released
soon). The network of IFCC reference laboratories, in col-
laboration with IRMM has prepared certified reference ma-
terials. Now manufacturers have the means to trace back
their results to a common reference. Up to now important
variability among analytical systems still exists, but the new
international regulations like the European IVD Directive
will contribute to reduce it.

The availability of field methods producing traceable
results will allow the production, via multicenter studies,
of well defined reference intervals that could be applicable
worldwide. The adoption of these common reference inter-
vals would certainly improve the clinical utility of the enzy-
matic measurements.
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SRDECNI TROPONINY 2009: DIAGNOSTIKA,
STRATIFIKACE RIZIKA, OPTIMALIZACE LECBY

MIROSLAV ENGLIS

Fakultni Thomayerova nemocnice s poliklinikou
Oddéleni klinické biochemie, Praha
Ceska republika

Vyvoj metod ke stanoveni srde¢nich troponini je v po-
slednich létech charakterizovan postupnym zvySovanim
analytické citlivosti (ultrasenzitivni, high-sensitivity meto-
dy) s paralelnim sniZovanim diagnostickych rozhodovacich
hodnot (cut-off) stanovitelnych s pozadovanou analytickou
presnosti.

Disledkem je moznost identifikace stale menSich po-
Skozeni myokardu jak u ischemickych 1ézi pfi koronarni
chorobg, tak pfi poskozeni myokardu jiné etiopatogenézy;
podstatné se rozSifuje moznost objektivniho priikkazu po-
Skozeni myokardu u chronickych onemocnéni.

V Kklinické praxi bude pfibyvat situaci, kdy pfi nepo-
chybném, analyticky spolehlivém patologickém vysledku
stanoveni srde¢nich troponint se klinik bude stale Castéji
setkavat s malou a nespecifickou klinickou symptomatolo-
opakovat a postupovat podle trendu zmén cTn; jeho pracov-
ni i ¢asové naroky na stanoveni diagnézy a volbu 1éCby se
ziejmé Casto zvysi, vyssi budou i naklady s tim spojeng.

Pfinos vysetfovani srde¢nich troponint byl v relativné
kratkém casovém obdobi nékolika let hlavnim, ne-i roz-
hodujicim impulsem k podstatné novému pohledu na dia-
gnostiku a stratifikaci rizika nejen u akutnich ischemickych
syndromt, ale u fady jinych onemocnéni myokardu. Nova
generace metod ke stanoveni srdecnich troponint takovy
vyvoj nepochybné prohloubi.




POCT - MOZNOSTI KONTROLY KVALITY
A APLIKACE SIX SIGMA

JAKUB HEJSEK

Bio-Rad Laboratories Emerging Markets

Possibilities of point-of-care testing are expanding
every year. Its important to formalize the conditions
under which this testing can be performed. Several web
portals are dedicated to POCT. On Dr Westgard’s web,
this problematic is also cited and the application of six
sigma is demonstrated. Six sigma can be interesting
when applied to POCT — especially when selecting
between different instruments.

Soucasné moznosti tzv. “point-of-care” stanoveni se
neustale rozSifuji. Jedna se o metody, které jsou prova-
dény v misté kontaktu s pacientem, zejména osobami
bez laboratornich zkusenosti. Proto je diilezité stanovit
vhodnost a podminky pouziti téchto metod (napf. viz
Doporuéeni CSKB). Dnesni $kala testd saha od testl
orientac¢nich/semikvantitativnich mnohdy pro jednorazové
pouZziti az po kvantitativni stanoveni (nékdy s navaznosti
na referen¢ni material) na viceucelovych POCT pfistro-
jich. Existuje nékolik internetovych portalti vénovanych
POCT. Stranky Dr Westgarda se touto problematikou
také zabyvaji a snazi se aplikovat koncept six sigma na
POCT. Tento koncept je obzvlasté zajimavy pro evaluaci
novych pfistrojii na trhu. V prezentaci je uvadén pri-
klad riiznych POCT systémi a mozZnosti jejich evaluace
(napf. na zakladé vysledkd z cykli SEKK). Vysledky
téchto evaluaci a jejich pouziti pro 1ékare Ci laborator
jsou diskutovany. Je zdiraznéna nezbytnost spoluprace
méficiho mista, laboratoie a téZ organizatora externiho
hodnoceni kvality.

LABORATORNA DIAGNOSTIKA 1-2/09

FIELD SAFETY CORRECTIVE ACTION FSCA -
KOREKTIVNE OPATRENIA, DOLEZITY ZDROJ
INFORMACII PRE UZIVATELA

PETER JENIK, PETER ZNASIK

SIEMENS HEALTHCARE DIAGNOSTICS
Bratislava
Slovensko

Korektivne opatrenia su doleZitym zdrojom informacii
pre bezpecénost prace uzivatela. Spravnost a bezpecnost
vysledkov je zabezpecena viacstupnovou kontrolou na
urovni vyrobcu diagnostickych zdravotnickych pomdcok
in vitro ako aj syst¢mom validacii, internych a externych
kontrol kvality prace uzivatela. Spoloénym prvkom tohto
procesu je aj systém korektivnych opatreni, spolupraca
uzivatela a vyrobcu na urovni odovzdavania podnetov
uzivatelov, ich naslednej analyzy, vyhodnotenie a identi-
fikacia vzniku podnetu ako aj jeho nasledné odstranenie.
Vicsina vyrobcov zdravotnickych pomocok in vitro ma
tento proces zavedeny a je prisne kontrolovany narod-
nymi ako aj medzinarodnymi autoritami vykonavajucimi
dozor nad bezpecnostou starostlivosti o pacienta. Firma
Siemens Healthcare Diagnostics ako jedna z najvac¢sich
producentov zdravotnickych pomoécok na svete, aj ked je
na ,diagnostickom® trhu nova, prevzala tento systém po
svojich byvalych spoloénostiach Bayer Diagnostics, DPC
Diagnostics a Dade Behring a zaradila ho do svojho
systému riadenia kvality ISO ako samostatnu kapitolu.
Systém pozostava zo zberu podnetov od uzivatelov, ich
vyhodnotenia, naslednej klasifikacie mozného dosledku
pre ohrozenie zdravia pacienta, systém ohlasenia chyby
u medzinarodnych a narodnych autoritach, identifikaciu
postihnutych uzivatelov, systém vypracovania informacie
o vzniknutej chybe, jeho kvalifikovany preklad do jed-
notlivych jazykovych mutacii, systém distribucie tychto
opatreni k uzivatelom ako aj systém kvalifikovanej
odpovede uzivatela o vykonani korektivneho opatrenia.
Tento proces sa ale u uzivatela nekon¢i, od ohlasenia
korektivneho opatrenia ma vyrobca len kratky ¢as na
to, aby zdokumentoval jeho efektivitu a informoval
o jeho uskuto¢neni narodné a medzinarodné autority.
Chceme sa podakovat uzivatelom naSich systémov za
spolupracu aj pri tychto ¢innostiach, ktoré sice navySuju
pocet byrokratickych ¢innosti v laboratoriu, v konec-
nom hladisku ale prispievaju k tomu, aby aj v naSich
laboratoriach bol na prvom mieste kvalitny a spravny
vysledok pre pacienta.
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LABQUALITY’S EQA CHALLENGES
IN DIFFERENT CLIENT GROUPS

MAURI KEINANEN

Managing Director, Labquality
Finland

Labquality has been a provider of External Quality
Assessment (EQA) Schemes since 1971. First schemes
were in clinical chemistry, but soon haematology, micro-
biology, cytology as well as other laboratory medicine
disciplines were covered by different EQA schemes.
From the beginning it has been clear, that even though
same ideology of interlaboratory evaluations is shared
between the disciplines, there is a need for different kinds
of EQA schemes. For example most clinical chemistry
laboratory test results are quantitative but microbiology
test results qualitative, and EQA schemes need to be
designed to meet the needs of these different kinds of
tests. Some laboratory tests may need more subjective
microscope analysis and therefore EQA schemes should
also include more evaluation of the interpretation. Due
to this kind of practical differences in the diagnostic
tests and methods, different laboratory medicine disci-
plines form different client groups, which have different
needs and expectations for EQA.

12
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Another issue that forms different client groups is the
size and expertise of a laboratory. Bigger laboratories
have more laboratory professionals in their organization,
and evaluation of EQA results is usually easier than in
smaller laboratories or care units where only point of
care tests are used. This difference between clients using
EQA means that EQA reports and their interpretation
need to be thought carefully, so that they can give
expected help and information to the clients.

Third main category of different client groups comes
because there are customers from different countries
and regions. In some countries laboratories have par-
ticipated many years in EQA using it as one tool for
their quality improvement efforts, but some countries
are in the first phases of exploiting EQA possibilities.
Also, the fact that in some countries EQA participa-
tion is mandatory and in others voluntary, as well as
that some countries have linked EQA participation and
performance in refunding practices, have some impact
how the laboratories and EQA users see the importance
and aims of EQA.

Due to the for example increased use of Point of care
tests, Labquality’s EQA services are used also outside
traditional clinical laboratories. Patient care units, outpa-
tient clinics and other non-laboratory organization form
the fourth client group category for EQA provider. This
kind of broadening in our client base has led us to build
linkages to health care organizations in general with new
services like certification and radiation safety auditing.




NOVORODENECKY SKRINING
CYSTICKEJ FIBROZY NA SLOVENSKU

MARIA KNAPKOVA
SVETOZAR DLUHOLUCKY

Skriningové centrum novorodencov SR, Detska fakultna
nemocnica s poliklinikou
Banska Bystrica

Skriningové centrum novorodencov SR (SCN SR)
je centralne laboratorium pre novorodenecky skrining
Slovenskej republiky. Denne vySetri 300-500 suchych
krvnych vzoriek novorodencov zo vSetkych novorode-
neckych oddeleni na Slovensku. Kazdy novorodenec
je testovany na kongenitalnu hypoytreozu (KH), fenyl-
ketonuriu (FKU), kongenitalnu adrenalnu hyperplaziu
(CAH) a od 1.2.2009 aj na cysticku fibrézu (CF).

64. Odborné usmernenie MZ SR ku skriningu fenyl-
ketonurie, kongenitalnej hypotyredzy, kongenitalnej
adrenalnej hyperplazie a cystickej fibrozy novorodencov
a zdravotnej starostlivosti o zachytené pripady Ccislo
18728/2008 presne stanovuje algoritmus vySetrovania
novorodencov na uvedené ochorenia. Zavedeniu vySet-
rovania skriningu cystickej fibrozy predchadzala pilotna
Studia na tento skrining v obdobi maj 2007 - april 2008.
Vseobecne uznanym skriningovym testom na cysticku
fibrézu je stanovenie imunoreaktivneho trypsinu v suchej
kvapke krvi. Hladina IRT byva zvySena u novoroden-
cov s cystickou fibrozou. V obdobi necelého roka sme
v laboratériu SCN SR vysetrili 27 974 suchych krvnych
vzoriek kitom neo IRT ILMA od firmy Immunotech.
Imunoluminometrické stanovenie imunoreaktivneho trypsinu
je stanovenie typu ,,sandwich“ v mikrotitracnych platnic-
kach, potiahnutych §pecifickou polyklonalnou kralicou
protilatkou pre ludsky kationicky trypsin, prisposobené
suchej krvnej vzorke. Emitovany svetelny signal je merany
luminometrom. Cielom S$tudie bolo zistit hladinu IRT
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u zdravych novorodencov, najst hladinu IRT vhodnu ako
cut off limit pre nahlasenie diagnozy u suspektnych novo-
rodencov a zvolit dalsi postup pri potvrdeni alebo vyluceni
ochorenia. Vysledky pilotnej Studie boli nasledovné udaje:
stredna hodnota IRT u novorodencov vo veku 72.-96.
hodiny Zivota bola v subore 22,47 ng/mL. 99 % percentil
sa pohyboval na urovni 71,88 ng/mL, 99,5 % percentil
na urovni 87,25 ng/mL. Novorodencov s hladinou nad
87,25 ng/mL sme povazovali za suspektnych a pozado-
vali sme opakovany odber suchej krvnej vzorky na 21.
den Zivota. 87 novorodencov malo hodnotu nad cut off
limit, ¢o je 0,31 %. Po druhom odbere sme nahlasili ako
suspektnych 38 novorodencov. U nich nasledovalo dalSie
vySetrovanie v §pecializovanych Centrach cystickej fibrozy:
meranie chloridov v pote pilokarpinovou iontoforézou
a geneticka analyza mutacii u potvrdenych pacientov. Zo
suboru 27 974 sa potvrdilo 5 pripadov cystickej fibrozy,
incidencia ochorenia 1:5594. Hladina IRT u zachy-
tenych pripadov bola 212,41 ng/mL (143,81-268,80)
a deti mali nahlaseny zachyt vo veku 18,8 dna (13-39).
Podla vysledkov pilotnej Studie bol zvoleny algoritmus
skriningového testu CF novorodencov vo veku 3.-4. den
zivota. Hladina nad 99 % percentil bude vyhodnocovana
Statisticky denne ako pozitivita, bude pozadovany opa-
kovany odber suchej kvapky vo veku 14.-21. dni Zivota.
Cut off pre druhu vzorku bude zohladnovat pokles IRT
v Case, bude znizeny o 10 ng/mL. Po namerani vysokého
IRT aj v druhej vzorke bude dieta nahlasené do tzv. recall
centra na dalSie dosledovanie stanovenim chloridov v pote
a genetickou analyzou mutacii CFTR génu u pacientov
s pozitivnym potnym testom.

Za obdobie februar-marec 2009 sme v skriningu CF
vySetrili 18 465 novorodencov, po vyluceni v druhom kole
sme ako suspektné zachyty nahlasili 28 novorodencov,
¢o je 0,15 % recall.

Zatial mame vylucenych 5 pacientov ako negativ-
nych, 3 deti exitovali a ostatné budu vysSetrované v Spe-
cializovanych centrach. Koneéné vysledky prvého roku
plo§ného skriningu cystickej fibrézy budu vyhodnotené
v Roc¢nej sprave SCN SR 2009.
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PROKALCITONIN -
MOZNOSTI JEHO VYUZITIA V PRAXI (poster)

ERIKA KOLLAROVA, EVA JANOKOVA
DUSAN DROZDA

Oddelenie klinickej biochémie
Nemocnica Kosice-Saca a. s., Kosice

UVOD: Prokalcitonin (PCT) je vysoko§pecificky
marker pre diagnostiku klinicky zavaznych bakterialnych
infekcii a sepsy. Koreluje lepSie ako ostatné existujuce
parametre so zapalovou aktivitou imunitného systému.
Stanovenie prokalcitoninu sa na Oddeleni klinickej
biochémie v Kosiciach-Saci robi uz od roku 2000. Bolo
zavedené na zlepSenie diagnostiky septickych stavov
u pacientov hospitalizovanych na Klinike popalenin
a rekonstrukénej chirurgie. V tomto obdobi sme pouzivali
supravu firmy BRAHMS PCT-Q, ktorda umoznovala se-
mikvantitativne meranie. Neskor sa vyuZitie tohto testu
roz§irilo aj v diagnostike a nasledne aj v manaZzmente
lieCby inych zapalovych ochoreni. V minulom roku
sme do praxe zaviedli kvantitativne stanovenie setom
Elecsys BRAHMS PCT.

CIEL: Cielom naSej prace bolo zistit prinos tohto
vySetrenia u skupin pacientov s vybranymi diagnozami.
Sledovali sme hodnoty PCT u pacientov s akuatnymi
zapalovymi chorobami pankreasu a zlénika, dolnych
dychacich ciest, obli¢iek, pacientov s popaleninami
a sepsou.

MATERIAL A METODY: Od novembra 2008 do
aprila 2009 sme kvantitativne urobili 236 stanoveni
PCT. Z toho do sledovaného suboru sme zaradili 54
pacientov so 152 meraniami, ktorych sme rozdelili do 5
skupin. V prvej skupine(A) bolo 12 pacientov s akutnym
zapalovym ochorenim pankreasu a zl¢énika, u ktorych
sa robilo 53 merani PCT. Dalsiu skupinu (B) tvorilo
12 pacientov (29 merani PCT) s akutnou bronchitidou
a pneumoniou. Do tretej skupiny (C) sme zaradili 11
pacientov (24 merani) s akutnou tubulointersticialnou
nefritidou. V Stvrtej skupine (D) bolo 9 pacientov
s popaleninami, u ktorych sme robili 16 merani PCT
a piatu skupinu (E) tvorilo 10 pacientov so sepsou (30
merani). U vSetkych pacientov boli stanovené v sére
PCT a C-reaktivny protein (CRP) ako markery zapalu.
PCT bol vySetrovany dg. supravou Elecsys BRAHMS
PCT na imunochemickom analyzatore Elecsys 2010
firmy Roche. Stanovenie CRP sme robili na analyzatore
ADVIA 1200 setom CRP FS od firmy DiaSys.
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VYSLEDKY: Vysledky nasich merani PCT (ng/ml)
su zhodnotené v nasledujucej tabulke:

skupi- pocet pocet prie- mini- maxi-
na pacientov | merani | mer mum mum
A 12 53 439 | 0.088 | 80.37
B 12 29 1.60 | 0.066 16.11
C 11 24 19.30 | 0.430 | 111.40
D 9 16 1.60 | 0.174 6.38
E 10 30 18.08 | 0.113 113.6

A - pacienti s akutnym zapalovym ochorenim pankreasu
a Zlénika

B - pacienti s akutnym zapalovym ochorenim dolnych
dychacich ciest

C - pacienti s akutnou tubulointersticialnou nefritidou

D - pacienti s popaleninami

E - pacienti so sepsou

Z nameranych vysledkov vyplynulo, zZe najvysSie hod-
noty PCT boli zistené u pacientov so sepsou (maximum
113.6 ng/ml), ¢o koreluje s literarnymi udajmi.

Pozoruhodné je vSak zistenie, ze vel'mi vysoké hodnoty
PCT maju pacienti s akuitnou tubulointersticialnou nefriti-
dou (priemer 19.30 ng/ml). Z toho vyplyva, ze PCT moze
byt vyznamnym parametrom aj v oblasti nefroldgie. Zo
zahraniCnej literatiry je zname, Ze tento test sa uspesne
vyuziva pri tejto diagnoze hlavne u deti. Kazuistika pa-
cientky s tymto ochorenim ilustruje jeho rychlu dynamiku
ako odraz uspesnosti antibiotickej lieCby.

Dalsia kazuistika poukazuje na to, Ze pri akutnej pank-
reatitide PCT je lepSim markerom na odliSenie pacientov
s dobrou a zlou prognézou v porovnani s CRP.

Meranie PCT pomaha odliSit pacientov s klinicky
zavaznymi bakterialnymi infekciami dolnych dychacich
ciest, ktori potrebuju antibioticku terapiu, od tych
s virusovou alebo slabou bakterialnou infekciou, ktori
ju nepotrebuju. Na diferencialnu diagnostiku tychto
infekcii mozu byt vSak pouzité iba senzitivne testy. Test
Elecsys BRAHMS PCT tuto podmienku spiiia.

ZAVER: Vysetrenie prokalcitoninu je uZitoénym po-
mocnikom pri sepse, ale dokaze identifikovat pacientov
so zavaznym bakteridlnym ochorenim eSte v Stadiu,
ked sa da cielenou terapiou zabranit rozvoju sepsy.
Rozhodovaci algoritmus zaloZzeny na PCT umoZnuje
prisposobit dizku terapie k individualnej klinickej
situacii kazdého pacienta. Integracia PCT do diagnos-
tickych a terapeutickych algoritmov umoznuje rychlejsiu
liecbu a redukciu podavanych antibiotik a tieZ poctu
dni hospitalizacie.




PRISTUP ZDRAVOTNYCH POISTOVNI
K MEDICINSKYM LABORATORIAM
V PODMIENKACH EKONOMICKEJ KRIZY
ABSTRAKT

EDUARD KOVAC

Zdruzenie zdravotnych poistovni
Slovenskej republiky (ZZP)

Pristup zdravotnych poistovni sa odvija od platného
legislativneho ramca, ekonomickej reality a v neposled-
nom rade od ,zmluvného know-how" poistovni a ich
empatie.

Z pohladu legislativneho ramca je klucovym §7
zakona o zdravotnych poistovniach (uzatvaranie zmluv
o poskytovani zdravotnej starostlivosti).

Z §7 ma zasadny vyznam odsek 4:

.ZP je povinnd stanovit a wuverejnovat Kritéria na
uzatvaranie zmluv vztahujuce sa na persondlne a mate-
ridlno-technické vybavenie poskytovatelov a na indikdtory
kvality;

ZP je povinnd vytvorit poradie poskytovatelov podla
ich uspesSnosti pri plneni vysSie uvadzanych Kkritérii
a zohladnit toto poradie pri uzatvarani zmliv®.

Nevyhnutny ramec personalneho vybavenia a ma-
terialno-technického zabezpecenia urCuje ,Vynos MZ
SR o minimalnom persondlnom zabezpeceni a mate-
rialno-technickom vybaveni zdravotnickych zariadeni®.
Indikatory kvality pre jednotlivé sektory zdravotnej
starostlivosti ustanovuje Nariadenie vlddy o indikdto-
roch kvality (51/2009 Z.z. u¢inné od 1.3.2009). Toto
nariadenie vSak zatial neustanovuje Ziadne indikatory

Zdravotné poistovne (Clenovia ZZP) sa dohodli aj
na vahe skupiny indikatorov kvality pre rok 2009 - a to
na 80 %.Personalnemu vybaveniu pridelili vahu 10 %
a materialno-technické zabezpecenie ma vahu 10%.

Co sa tyka ekonomickej reality, treba poznamenat,
ze zo zdrojov zdravotného poistenia sa na sektor SVLZ
vynalozi 11 %. Na laboratornu medicinu sa ro¢ne vyna-
klada nieCo viac ako 5% (cca 150 mil. €).

Hospodarska a ekonomicka kriza ma uz preukaza-
telné dopady:

Zatial Co Statny rozpocet ratal s narastom HDP
0 6,4 %, tak aktualny odhad Narodnej banky Slovenska
je na urovni minus 2,4%. Co sa tyka zdrojov zdravot-
niho poistenia, existuju zatial rézne progndzy: Institut
financnej politiky ministerstva financii uvadza minus
87 mil. € (februar 2009), HPI minus 128 az 345 mil. €
(marec 2009), ZZP hovori o minus 250mil. € (april
2009).

PodstatnejSia ako prognozy je vSak realita zdrojov
zdravotného poistenia (ta bola za prvé dva mesiace
nizsia o 10 % oproti porovnatelnému obdobiu r. 2008).
Pokles zdrojov je teda zrejmy. V roku 2009 sa neda
ocakavat zlepSenie aktudlneho trendu zdrojov. Zaroven
zdravotné poistovne (v sulade s platnou legislativou)
sa nemozu zaviazat k nieComu, na ¢o ich neopraviuju
realne finan¢né zdroje. Preto, okrem in¢ho, ZZP vyzyva
na potrebu spolo¢nych rieSeni.

Pri doterajsej zmluvnej komunikéacii zdravotnych po-
istovni s poskytovateI'mi, samotni poskytovatelia SVLZ
zdoraznovali viacero momentov, napr.: kli¢ovymi opat-
reniami musia byf motiva¢né opatrenia (aby sa oplatilo
neklamat a nekradnutf)! Dalej racionalne spravanie sa
vSetkych v systéme. Koncentrovat pracoviskd SVLZ. Aby
vo verejnej minimalnej sieti existovali len také SVLZ
ktoré pracuju 24 hod. Je potrebné uprednostinovat kvalitu

kvality pre sektor SVLZ. Zdravotné poistovne (Clenovia
Z77P) respektujuc zakonnu povinnost stanovit a uverej-
nit kritéria na uzatvaranie zmluv (vratane indikatorov
kvality) a po konzultaciach so Slovenskou spolo¢nostou
laboratornej mediciny, inklinuju k §tyrom indikatorom
kvality pre laboratornu medicinu - spektrum vySetreni;
smennost prevadzky; externa kontrola kvality a akreditacia.
Snazili sa pritom reSpektovat poZiadavky jednoduchosti
a transparentnosti.

LABORATORNA DIAGNOSTIKA 1-2/09

pred dostupnosfou. Presadzovat diferencované zmluvy
avsak s transparentnymi pravidlami. Postihovat neracio-
nalne indikujucich a neefektivnych poskytovatelov.

Zdravotné poistovne su rozhodne za tri klucové
oblasti: flexibilné zmluvy s inovativhymi rieSeniami,
transparentnu sufaz a doslednejSiu diferenciaciu (podla
kritérii - vid §7 ods. 4).
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EXTERNI HODNOCENI KVALITY BIOCHEMICKYCH
MARKERU SRDECNIHO POSKOZENTI

JOSEF KRATOCHVILA
BEDRICH FRIEDECKY, MAREK BUDINA

SEKK Pardubice
Ceska republika

Biochemické markery, povazované za priitkazné pro
diagnozu, sledovani a prognozu kardialnich poskozeni,
jsou kardialni troponiny c¢Tnl/T pro akutni koronarni
syndromy a natriuretické peptidy BNP a NTpro-BNP
pro diagnézu, sledovani a prognézu chronické srdecni
dysfunkce.

Spole¢na doporuceni laboratorni mediciny a kardio-
logie povaZzuji za nezbytné dosazeni mezilehlé presnosti
CV<10% (cTnl/T) a CV<15% (BNP, NTpro-BNP).
Pozadované hodnoty ma byt dosazeno v celé oblasti
pracovniho rozsahu méfeni, po¢inaje hodnotou cut-off.
Tou je v pfipadé cTnl/T hodnota 99. percentilu dolniho
referen¢niho limitu.

Uroveii standardizace stanoveni zminénych bioche-
mickych marker je nizka. Srovnatelnych c¢iselnych
vysledkli méfeni Ize docilit pouze pfi pouziti totozné
instrumentalni platformy a totozného reagencniho kitu.
Uz malé zmény v konstrukci instrumentace nebo ve slo-
Zeni reagencii (tzv. ,nova generace®), ptisobi jako dalsi
zdroj nesrovnatelnosti. Z hlediska EHK to znamena tlak
na vytvofeni nové podskupiny pfi hodnoceni ucastniki
jednoho vyrobce. Pro pacienty jde pak o dal§i mozny
zdroj rizika poskytnuté péce. Vysledky jsou zavislé nejen
na metod¢, oznacené jménem vyrobce, ale Casto i na
ruznych typech instrumentace (platformach) stejného
vyrobce. Rizné metody cTnT/I poskytuji rozdilné pocty
vysledkli nad hodnotu 99. percentilu.Tateova a spol. [1]
nalezli pfi testovani 8 rtiznych metod stanoveni ¢cTnT/I
pocCty pacientli nad 99. percentil v intervalu 53 % az
78 %. Samoziejmé, Ze existovalo 8 riznych sad Ciselnych
vysledkti a osm rtiznych hodnot 99. percentilu.

Prozkoumame-li udaje vyrobctli o pouzitych zachytnych
a detek¢nich protilatkach, zjistime, Ze ze 14 metod maji
jen dvé totozné, k stejnym epitoptim orientované proti-
latky. V fe¢i metrologie to znamena, Ze rozhodné neni
riznymi metodami stanovovan stejny analyt. Dostate¢né
definovany analyt je pfitom prvni zakladni podminkou
metrologické navaznosti vysledkd méfeni, protoze jen
s jeho pomoci mize byt:

e pfipraven standard méfeni jako ztélesnéni jednotky
meéfeni

e dosazeno srovnatelnosti mezi vysledky meéfeni
pomoci riznych metod, kitl a analytickych systému

e dosazena dostatecné nizka nejistota méfeni

Dusledkem nedostate¢né standardizace je existujici
nesrovnatelnost vysledkti, dosazenych riznymi metodami
(Casto i v ramci produkce jednoho vyrobce) a vysoka
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nejistota vysledkd, kontrastujici s vySe uvedenymi pfis-
nymi pozadavky doporuceni.

Produktem neakceptovatelné vysoké nejistoty je
velmi omezena moznost dosazeni poZzadovanych hodnot
pfesnosti troponinti, pfestoZe se hodnoti homogenni
skupiny, pouZivajici stejné méfici systémy. Opakované
experimenty nékterych autori potvrzuji, Ze presnost
meéfeni troponind u hodnot blizkych 99. percentilu je
spiSe CV=20%, neZ pozadovanych 10 %. Jen prolozeni
kalibraéni kiivky v oblasti hodnoty cut-off bylo v pfipadé
c¢TnT 4. generace zatizeno 15 % chybou.

Vysledky EHK témto faktim odpovidaji. Ani jeden
z Sesti vzorka s koncentraci pod 0,1 ug.I'" u ¢TnT nebyl
stanoven v letech 2003-2008 v kontrolnich cyklech SEKK
s presnosti CV<10%. V kontrolnich cyklech NEQAS
v roce 2008 nebylo u 8 vzorki s koncentraci 0,1 ug.I!
dosazeno hodnoty pod 10% v ani jednom pfipadé
u systému Elecsys, nicméné v 62 % pripadil u systému
Modular byla tato podminka splnéna. Kontrolni program
RfB DGKL Bonn (N&mecko) zatim vibec kontrolni
vzorky o koncentracich pod 0,1ug.l" nepouziva, ale
i tak nebylo hodnoty presnosti pod 10% v roce 2008
dosazeno v tomto programu ani jednou.

Obdobna je situace u cTnl. V programu SEKK bylo
dosazeno u koncentraci pod 0,1 ug.I' pozadované pies-
nosti jen v 50 % ptipadd, v programu NEQAS dokonce
jen v 33%. Program RfB DGKL ani zde tak nizkych
koncentraci nepouziva, presto presnosti CV<10% bylo
v roce 2008 dosazeno jen v 66 % pripadd.

Typickym trendem vyvoje méfeni cTnl/T je rychlé
zvySovani analytické citlivosti. V pfipadé cTnT se na-
rust citlivosti projevil poklesem hodnoty 99. percentilu
z pavodni hodnoty 0,2ug.lI' na soucasnych 0,01 ug.I'".
Také pri stanoveni cTnl doSel vyvoj az k hodnotam 99.
percentilu asi 0,03 ug.I'' u systémi Beckman a Siemens
Bayer Centaur. Skute¢na koncentrace troponint u zdravych
lidi bude patrné jesté prakticky o dva rady nizsi.

Z hodnoty pozadované piesnosti méfeni cTnT/I
je odvozena hodnota toleran¢niho rozpéti EHK jako
trojnasobek této hodnoty, to jest 30 %. Vysledky EHK
vSak ukazaly, Ze i tato hodnota je pro koncentrace ko-
lem 99. percentilu nerealisticky nizka a Ze vede k nizké
uspésnosti ucastniku.

Pfi klinickém pouZziti cTnl/T je zfejma nutnost opako-
vanych nabérd krve u hospitalizovanych pacientti. Proto
je velmi zajimavé a potfebné znat hodnoty biologickych
variaci (proménlivosti). Ty byly prvné publikovany pocat-
kem roku 2009. Bylo k tomu pouzito systému Siemens
Bayer Centaur s hodnotou 99. percentilu cca 0,03 ug.1"'.
Autofi zjistili hodnotu intraindividualni biologické va-
riace v Case mezi 0 az 4 hodinou CV,=9,7%. To vedlo
pri analytické presnosti CV=8,3 % k hodnotam kritické
diference dvou naslednych meéfeni v intervalu -32%
az 46 %. Nizka hodnota indexu individuality (II=0,21)
nez hodnoceni podle dolniho referen¢niho limitu (99.
percentilu) a Ze to muze zménit i zpisob hodnoceni
vysledktit EHK.




Celkova reprodukovatelnost stanoveni cTnT/I se uz
nékolik let neméni. U stanoveni cTnT bylo v progra-
mu SEKK dosazeno nejlepSich vysledkti v roce 2005
(CV=5,9%), pak doslo k zhorSeni a stagnaci. Divodem
je narust poctu méficich platforem (rozSifeni o Modu-
lar a Cobas 6000) a velky kvantitativni nartst poctu
Sarzi reagencii. Podobné je tomu pfi méfeni cTnl, kde
se navzdory existenci certifikovaného referenc¢niho
materialu reprodukovatelnost méfeni neméni a zistava
zhruba v intervalu 35% az 45 %.

Zajimavé jsou rozdily v povinné ucasti laboratofi
v programech EQA. UK NEQAS rozesila 3 vzorky
12x ro¢né, jde tedy o ucast povinnou v kazdém mésici.
V programu RIfB DGKL Bonn maji ucastnici k disposici
2 vzorky 4x ro¢né. V programu SEKK jsou 2 kontrolni
cykly po 2 vzorcich rocné s povinnou ucasti v obou
cyklech.

1. Tate JR.: Troponin revisited 2008: assay performance.
Clin Chem Lab Med 2008 46 (11) 1489-1500.

EQA OF BIOCHEMICAL MARKERS
FOR MYOCARDIAL DAMAGE

JOSEF KRATOCHVILA
BEDRICH FRIEDECKY, MAREK BUDINA

SEKK Pardubice
Czech Republic

Biochemical markers assumed as the evidence for
diagnose, monitoring, and prognosis of myocardial
damage are troponins ¢Tnl/T for acute coronary syn-
dromes and natriuretic peptides BNP and NTpro-BNP
for diagnose, monitoring, and prognosis of chronic
myocardial dysfunction.

Common recommendations of laboratory medicine
and cardiology suggest CV<10% (cTnl/T) and CV<15%
(BNP, NTpro-BNP). These values of CVs should be
achieved in all measurement range starting cut-off
value (in case of c¢Tnl/T it is 99. percentile of lower
reference limit).

The degree of standardisation of determination of
these analytes is low. Comparable results we can obtain
only if using identical measuring systems and identical
kits. Only little changes in the construction of instru-
mentation and/or in composition of kits (so called “new
generations”) figure as a new source of incomparability.
It results in the pressure to define new and new groups
of results in the EQA systems. From the patient point of
view it is a factor increasing the risk of the care. Results
strictly depend on the type of instrumentation used for
determination even if it is the instrumentation of one
manufacturer (different platforms). Different methods of

LABORATORNA DIAGNOSTIKA 1-2/09

c¢Tnl/T return different numbers of the results over the
99. Percentile value. Tate [1] found during testing of 8
methods of determination ¢Tnl/T numbers of patients
over 99. Percentile in the interval from 53 % to 78 %.
Indeed there were 8 different sets of numerical results
and 8 different values of 99. Percentile.

After investigation of antibodies used by different
manufacturers we can see that from 14 methods only
2 are having identical antibodies (orientated to the
same epitopes). In metrological language it means that
different methods determine different analytes. Well
defined analytes represent fundamental condition for
establishing of metrological traceability of the results,
because it allows us to:

* prepare measurement standard

eachieve comparability of the results obtained by
different systems

e achieve reasonably low uncertainty.

The consequence of insufficient standardisation is
the existence of incomparable results obtained using
different measuring systems (frequently different sys-
tems of the same manufacturer) and high uncertainty
of results contrasting with the above mentioned strict
requirements of the recommendations.

High uncertainty results in the low possibility to
achieve required values of CVs despite the fact that we
evaluate homogeneous groups (same measuring system).
Repeated experiment of many authors confirm that the
precision of determination of troponins near 99. Percen-
tile is rather CV=20% instead of required CV=10%.
Only the error of the calibration curve regression for 4.
Generation of cTnT is about 15 %.

EQA results confirm above mentioned facts. The
CV<10% was not observed in any of the 6 control
samples with concentration of ¢TnT below 0,1 ug.I!
used in the years 2003—2008 in SEKK. In the surveys
NEQAS in 2008 the CV<10% was not achieved for
samples with concentration 0,1ug.I' for Elecsys, but
62 % of Modular results fulfilled this requirement. EQA
programme RfB DGKL Bonn (Germany) does not
use the samples with concentrations below 0,1 ug.l,
despite this fact CV<10% was not achieved in any of
their survey in 2008.

Situation in ¢Tnl determination is similar. In SEKK
programme results of samples with concentration under
0,1 ug.I"' fulfilled requirements only in 50% of cases,
in NEQAS only in 33%. RfB DGKL does not use the
samples with so low concentrations, but CV<10 % was
achieved in only 66 % cases in 2008.

The trend of ¢Tnl/T determination is increasing of
analytical sensitivity. In case of ¢TnT the 99. Percentile
decreased from primary value 0,2 ug.1" to actual 0,01 ug.I'".
Also for cTnl determination the 99. Percentile develo-
ped to the value 0,03 ug.I' for systems Beckman and
Siemens Bayer Centaur. Real concentration of troponins
for healthy population is probably 100 times lower.

Toleration limit used in SEKK EQA was derived
from the required precision of ¢Tnl/T measurement
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as a triple — it is 30%. But EQA results show, that
this value is for concentration near 99. Percentile too
narrow and that it produce too much unsuccessful
participants.

In clinical application of c¢Tnl/T there is evident
the need of repeated blood taking. It is why it is very
important to know the values of biological variations
which were published in the beginning of 2009. There
was used system Siemens Bayer Centaur with value
of 99. Percentile about 0,03 ug.l"'. Authors found the
value of intraindividual biological variance in time
0 to 4 hours CV,=9,7%. Using analytical precision
CV=38,3% this lead to the values of critical difference
of two subsequent measurements between -32% and
46 %. Low value of the index of individuality (II=0,21)
shows that classification of critical differences is more
effective than evaluation based on lower reference limit
(99. percentile) and that this can affect evaluation of
EQA results.

Overall reproducibility of cTnT/I determination does
not change many years. In case of ¢cTnT we observed
the best results in 2005 (CV=5,9%), than the situation
get worse and now it stagnate. The reason lies probably
in increase of measuring platforms (added Modular
and Cobas 6000) and increase of types of kits. Similar
situation we can observe in ¢cTnl measurement, where
despite the existence of CRM reproducibility does not
change and remains in the interval 35 % to 45 %.

It is interesting that there are differences in the
number of EQA surveys and samples between the EQA
systems. UK NEQAS sends 3 samples 12times per year
(monthly participation). RfB DGKL offer 2 samples 4
times per year and SEKK offer 2 samples 2 times per
year (mandatory participation).

1. Tate JR.: Troponin revisited 2008: assay performance.
Clin Chem Lab Med 2008 46 (11) 1489—1500.
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METROLOGICKA NAVAZNOST KALIBRACE
A JEJI PROBLEMY

JOSEF KRATOCHVILA
BEDRICH FRIEDECKY, MAREK BUDINA

SEKK Pardubice
Ceska republika

Novy VIM-3 (ISO Guide 99), Smérnice 98/79

Nizka pravdivost a nedostatecna srovnatelnost vysled-
k@t méfeni patfi mezi chronické problémy laboratorni
mediciny a mtzZe byt jednim z faktort rizika zdravotni
péce o pacienty. Situace by méla byt teoreticky reSena
pozadavkem na metrologickou navaznost kalibratoru,
obsazenym v Smérnici 98/79. Podstata kalibra¢ni hie-
rarchie, ktera je v procesu navaznosti ustanovovana,
je popsana v novém metrologickém slovniku VIM-3
a kalibratory jsou fazeny mezi zakladni referencni
materidly. Tento slovnik je v plném znéni umistén na
oficialnich webovych strankach IFCC www.ifcc.org. Uz
z tohoto samotného faktu by bylo mozné usuzovat, Ze
vyrobci tento bazalni text metrologie a analytické chemie
respektuji a dobfe znaji. Pokud by takové optimistické
predstavy byly aspon zcasti naplnény, nebylo by mozné
zaznamenavat tolik problémt s pravdivosti vysledki
méfeni. Skutecnost je vSak jina.

Pozadavek metrologické navaznosti je velmi Casto
plnén formalné pouze na podkladé vytvofeni patficné
firemni dokumentace. Mame pocit, Ze vyrobctim unika
Casto smysl navaznosti jako nastroje zlepSovani srovna-
telnosti a pravdivosti méreni. Za této situace je nutno
pocitat se signifikantnimi hodnotami vychyleni/bias jako
se soucasti denni praxe ¢innosti klinickych laboratofi a
povazovat je za vyznamny dil¢i zdroj nejistoty vysledka
meéieni, omezené srovnatelnosti vysledkid méfeni a po-
tencidlniho zdroje rizik zdravotni péce. Je velmi nepfi-
jemné, Ze nedostatec¢na schopnost klinickych laboratofi
se projevuje v snizovani daveéry lékaria.[1]

Pravdivost méreni

Je mira shody vysledku s certifikovanou referen¢ni
hodnotou. Kvantifikaci pravdivosti je bias. Pravdivost
je klicovy problém laboratorni mediciny a vypada jako
magicka, nedosazitelna vlastnost. Posledni demonstraci
problému lze nalézt v ¢lanku [2]. Z néj je (mimo jiné)
zfejmé, ze nenaplnéné sny o pravdivosti vysledkl jsou
letité a ze hodnoty bias v klinickych laboratofich jsou
prili§ vysoké.

Priciny:

¢ Neznalost vlastni struktury analytu. Namisto dobfe
definovanych analytl jsou casto stanovovany jen use-
ky makromolekul, vymezené epitopy, priCemz vyrobci
pouzivaji riznych zachytnych i detekénich protilatek.
Tyto protilatky jsou obvykle patentové chranéné.




¢ Neexistujici nebo velmi specificky chapana metrolo-
gicka navaznost. V posledni dobé lze ¢asto pozorovat, Ze
navaznost je chapana jako pozadavek pro splnéni platné
legislativy (Smérnice 98/79) a ne jako analyticky nastroj
dosazeni srovnatelnosti mezi metodami a akceptovatelné
hodnoty bias u jednotlivych metod.

¢ Nedostate¢né informace o kalibracnich funkcich. Tady
1ze uvést jako klasicky problém POCT, kdy fada pfistroji
disponuje separatnimi méficimi moduly pro pacienty a
pro kontrolni vzorky. Rada z téchto pfistrojti nedisponuje
ani formalni dokumentaci metrologické navaznosti.

Nasledky:

e ZvySena nejistota vysledkil méfeni, pfipadné jeji
nedostate¢na znalost a z toho plynouci dusledky pro
kvalitu péCe o pacienta.

e Nesrovnalosti v klinickém hodnoceni vysledkd a
nedavéra kliniki v laboratore.

e Nejista a Casto rozdilna vypovédni hodnota refe-
renénich intervali a rozhodovacich limita [3].

Thienpont LM.: Calculation of measurement uncertainty —
Why bias should be treated separately. Clin Chem 2008
54/9 1587—1588.

Thienpont LM.: Accuracy in clinical chemistry — who will
kiss Sleeping Beauty awake? Clin Chem Lab Med 2008
46/9 1220—1222.

Haeckel R., Wosniok W., Arzideh F.: Proposed classifica-
tion of various limit values (guide values) used in as-
sisting the interpretation of quantitative laboratory test
result. Clin Chem Lab Med 2009 47/4 494—497.

METROLOGICAL TRACEABILITY
OF CALIBRATION AND RELATED PROBLEMS

JOSEF KRATOCHVILA
BEDRICH FRIEDECKY, MAREK BUDINA

SEKK Pardubice
Czech Republic

New VIM-3 (ISO Guide 99), Directive 98/79
Insufficient trueness and comparability of the results
seems to be a chronic problem of laboratory medicine
and should be one of the factors increasing the risk of
the patient care. The situation is solved in the theoretical
level by the requirement of the metrological traceability
of calibrators which is part of the Directive 98/79 (IVD).
The fundamental of the calibration hierarchy (which is
established in the scheme of traceability) is shown in the
new metrological vocabulary VIM-3, where calibrators are
sorted under the basic reference materials. This vocabulary
is available for free at www. ifcc.org. Thus we can presume
that manufacturers know and fulfil this text. But it is not
everyday reality and it is why we can observe so many
problems concerning the trueness of the results.
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The requirement of metrological traceability is often
fulfilled in formal way and based only on sufficient paper
documentation. We assume that the root of metrological
traceability — to serve as a tool of the trueness and com-
parability improvement — may be lost in this process.
In this situation we have to accept the fact that there
exist significant bias in many results of the measurement
and that this bias contributes to the uncertainty of the
results, lowers comparability of results, and increases the
risk in healthcare. Additionally the faith of the doctors
in the laboratory results should decrease [1].

Trueness of the measurement

Trueness describes the degree of agreement between the
results and reference value. It is quantified by bias. Trueness
is a key problem of laboratory medicine and it seems to be
a magic, inaccessible property. The demonstration of this
problem should be found in the article [2]. This article
shows long lasting dreams of trueness of the results and
that the biases are too big in the laboratories.

Reasons:

¢ Unknown structure of the analyte. In place of well
defined analytes we often determine only some portions of
macromolecules defined by epitopes, and different manu-
facturer’s use different marking and detection antibodies.
These antibodies are usually under patent protection.

¢ Metrological traceability is not established in many
cases. Many times the requirement of traceability is met
only in legislative level (Directive 98/79) and it is not
understood as a tool for establishing comparability of
the results and for decreasing its biases.

¢ Insufficient information about calibration functi-
ons. For example many POCT systems offer separate
measuring modules for patient samples and for EQA
samples. In many times the documentation of metro-
logical traceability is not available for these systems.

Consequences:

¢ Increased uncertainty of the results or low knowled-
ge’s about this uncertainty and resulting effects to the
patient care quality.

e Discrepancies in clinical interpretation of the
results and lowered trust of clinicians.

¢ Doubts concerning reference intervals and decision
limits [3].

Thienpont LM.: Calculation of measurement uncertainty -
Why bias should be treated separately. Clin Chem 2008
54/9 1587—1588.

Thienpont LM.: Accuracy in clinical chemistry — who will
kiss Sleeping Beauty awake? Clin Chem Lab Med 2008
46/9 1220—1222.

Haeckel R., Wosniok W., Arzideh F.: Proposed classifica-
tion of various limit values (guide values) used in as-
sisting the interpretation of quantitative laboratory test
result. Clin Chem Lab Med 2009 47/4 494 —497.
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CHALLENGES IN EXTERNAL QUALITY
ASSURANCE; LABORATORY FOCUS AND
THE NEW ACCREDITATION STANDARD
(ISO 17043) OF PROVIDERS

LOIKKANEN, M. M.

Ratamestarinkatu 11, FI-00520 Helsinki
minna.loikkanen@labquality.fi

In recent years the accreditation of providers of
the External Quality Assurance (EQA) schemes has
become a hot, important topic. Also participating labo-
ratories are more aware of the need of qualified EQA
programmes and services. All these aspects have given
a booster to get an international accreditation standard
also for the EQA field. ISO 17043 will be confirmed
by the end of 2009. Among the providers of medical
EQA programmes some doubts of the suitability of this
ISO 17043 standard have been expressed. It has raised
up issues if the standard take into account the special
nature and challenges of the biological test items which
are used and the frequency needed in the EQA of the
laboratory medicine.

Many providers have conducted the EQA programmes
according to international guides and guidelines (for
example ISO/IEC Guide 43-1:1996 and ILAC-G13:2007)
when the accreditation standard has been missing. Ac-
creditation bodies have done accreditations in some
countries according to these guides or they have given
the recognition to the schemes instead of accreditation.
Some providers have certification according to ISO
9001:2008 and also they follow the guides mentioned.
The situation has been confusing especially because
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meaning of the terms accreditation and certification have
not been clear in different connections and cultures.

The role of EQA is understood among accredited
laboratories. Anyhow participating laboratories have
varying expectations what this participation should give
and what do they need to improve their quality system.
Labquality arranged a large client satisfaction survey
in Finland and in its European client countries to get
information about laboratories * expectations and needs.
The results of this survey will briefly be demonstrated
during the presentation. As could be expected the profes-
sional personnel, accurate schedule of the surveys and
extensive and understandable reports were assessed as
the most significant areas. Smooth procedures to send
results to the provider and competent pricing were
mentioned as issues to be improved.

When laboratories choose their EQA programme and
decide which scheme to select they meet wide variety of
providers with different kinds of schemes. Comparing
the programmes is not simple. Design of the schemes
varies on test items, data processing reports etc. The
standard ISO 17043 gives criteria for providers to
conduct a scheme properly. It also includes one annex
(Annex 3) which includes instructions to participating
laboratories how to choose the scheme and points out
some important aspects to consider.

The standard 17043 will clarify the supplies and
harmonise the variety of EQA programmes offered by
different providers. It will also open discussion about
the future needs of EQA between providers and par-
ticipating laboratories to fulfil the expectations of the
laboratories in their quality work.




WHY EQALM?

GUNNAR NORDIN

European committee for External Quality Assessment
Programmes Laboratory Medicine, Uppsala
Sweden

In order to improve comparability of measurement
results from IVD products the results must, when pos-
sible, be traceable to methods of higher order. This is
of great value in a situation where data, patiens and
medical staff communicate over increasing areas. A
laboratory result should not only be valid for the local
requester, but also valid regionally and — in the optimal
case — globally.

The surveillance of the results produced by the
medical laboratories is performed by External Quality
Assessment schemes (or Proficiency testing schemes)
which are not as strictly regulated as the IVD-products.
An EQA scheme might serve both as a surveillance of
the competence of local laboratory as well as of the
competence of the IVD-product as such. The professional
EQA organizations are often small, and regionally based.
The benefit of a regional based organization is the
possibility of comparison of results within the region.
The regional organizer does also have knowledge of
the local laboratory culture and have the possibility to
combine outcome from EQA with proper educational or
other efforts to improve quality. But the regional EQA
organizations also need the sharing of experiences and
results with other regional organizations, because their
customers share the same IVD-products.

In order to facilitate such cooperation between
EQA-organizers in Europe, the European Committee for
External Quality Assurance Programmes in Laboratory
Medicine (EQALM) was created 1996 after an initiative
from Adam Uldall, Denmark. The organization has today
22 European full member organizations, but members
also from Africa, America and Asia. EQALM organizes
a yearly symposium open for any EQA organizer, the
coming symposium in Berlin July 1% 2", EQALM also
connects people in Working Groups (WG) for various
topics of mutual interest for the members. Examples of
WG areas are the use of Virtual Microscopy for EQA
and the optimal frequency by which EQA services should
be offered. Experiences from local EQA-schemes are
welcomed to be published in regular electronic paper
EQAnews. More of the activities can be found on the
web page www.eqalm.org.
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WHAT DO WE LEARN FROM THE NORDIC
REFERENCE INTERVALS PROJECT (NORIP)

GUNNAR NORDIN

EQUALIS AB, Uppsala
Sweden

During the period 2000—2001 more than 100 Nordic lab-
oratories participated in the Nordic Reference Interval Proj-
ect (NORIP). Each laboratory recruited at least 25 healthy
participants who fulfilled specified criteria. Serum, plasma,
EDTA-blood and buffy coat were collected and stored in
-80°C. 25 biochemical measurands were measured and a
complete blood count were performed at the local labora-
tory, together with the measurement of 5 reference and con-
trol materials for the biochemical variables. All data were
collected for central data treatment and common reference
intervals were calculated. Through the values assigned to
the reference materials most of the reference intervals are
traceable to methods of higher order.

With some exceptions, laboratories have adopted the sug-
gested reference intervals. This has been of great value for
the users of laboratory results. It has been more convenient
and safe to communicate laboratory results, both regarding
care of the individual patient, as well as for sharing laboratory
results in the scientific community and in education.

All of the NORIP reference intervals, with the suggested
grouping according to age and gender may not be absolutely
true. However, they have proven to be useful, and are truer
than the older, locally defined reference intervals which of-
ten lacked traceability to current measurement procedures.
The major issues under discussion have so far been:

For the enzymes the uncertainty of the reference inter-
vals are large. They were only calculated for a subset of data
using method from one diagnostic company, because the
IFCC reference method procedures were not fully imple-
mented at the time of the study.

The NORIP study was conducted under specified pre-
analytical conditions, although not unrealistic. In daily rou-
tines these conditions are sometimes difficult to achieve.
One reason for a measurement result outside the reference
intervals can therefore be a preanalytical error not con-
trolled for.

The NORIP reference intervals for creatinine are trace-
able IDMS reference measurement procedures. At the time
of the study many laboratories still used uncompensated
Jaffe-methods. A recalculation of the primary data was
therefore made. A specific ‘creatinine-free’ serum has also
been made available for laboratories to be used as ‘zero
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point calibrator’ for the Jaffe methods which does not yet
compensate for the bias due to non-creatinine chromogens.

One practical consequence of the implementation of
reference intervals with metrological traceability is that the
laboratories must consider the traceability for their own
measurement results.

A future challenge will be to adapt the reference intervals
according to changes in analytical methods. As an example
the traceability of bilirubin results to a new secondary refer-
ence method recently has resulted in lower bilirubin levels.
We need to decide on how large changes in the analytical
procedures that can be accepted, without the change of the
reference intervals.
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www. labtestsonline.cz
A JEHO VYZNAM PRO PACIENTA I PRO
PRACOVNIKY VE ZDRAVOTNICTVI

LENKA NOVAKOVA

CzEDMA, Praha
Ceska republika

Laboratorni medicina (Evidence based medicine) je
medicina zaloZend na dukazech, které jsou méfitelné,
statisticky zpracovatelné a snadno sdélitelné. Vysledky
(dukazy) laboratornich vySetieni se na diagnostickych
rozhodnutich podili z 70-80 %.

Lab Tests Online (dale LTO) je novy webovy portal
puivodné uréeny pacientim a dalS§im laickym uzivateldm.
Poskytuje ucelené informace o laboratornich vysetifenich
(o testech pomoci diagnostiky in vitro) k jejich lep§i
orientaci a pochopeni jednotlivych vySetfeni jak pri
nemoci, tak I pfi preventivnich programech. Zdravotni-
ktim slouzi pro rychlou, aktualni a pfehlednou orientaci
v laboratornich vySetfenich.

Projekt LTO (laboratorni testy online) byl vytvoien
v roce 2001 v USA a to AACC (Americkou asociaci
klinické chemie) a velmi rychle expandoval do celého
svéta. V soucasné dobé je LTO prekladan, rozSifovan
a aktualizovan narodnimi odbornymi spole¢nostmi labo-
ratorni mediciny ve spolupraci s lokalnimi profesnimi
asociacemi vyrobcti IVD (in vitro diagnostika).

Diky licen¢ni smlouvé mezi AACC a EDMA (Eu-
ropean Diagnostics Manufactures Association), ktera
byla podepsana v roce 2005, bylo Clenskym statim
EU umoznéno pfipojit se k tomuto programu. Prace
na piekladech, dalSim rozvijeni a modifikovani obsahu
konkrétnich jazykovych mutaci vidy odrazi zdravotni
politiku a postupy zavedené v jednotlivych zemich,
kdy klicovou roli hraje odborna spole¢nost a spolu
s partnery EDMA a profesni narodni asociaci vyrobctli
IVD (in vitro diagnostika).

LTO je nekomerc¢ni, mezinarodni a odborné garanto-
vany web. Existuje v né¢kolika narodnich verzich (USA,
Velka Britanie, Australie), mnoha jazykovych mutacich
— némcina, italStina, SpanélStina, polStina a madarstina,
pripravuje se fectina, Brazilie diskutuje s Portugalskem
o spole¢ném postupu pri vytvafeni portugalské verze,
Francie podepsala smlouvu na podzim 2008 a zajem o
pfipojeni k tomuto projektu projevila i Cina. LTO v USA
je pacienty vyuzivan z 60 %, na evropském kontinentu jej
pacienti vyhledavaji ze 40 % a 60 % navstévnika pripada
na zdravotnické pracovniky. Navs§tévnost 2008: 1,6 mil/
mésicné, 1,2mil. v USA, 0,4mil v ostatnich zemich,
ro¢ni nartst kolem 80 %.

Ceska republika se pfipojila k tomuto programu
v roce 2007 podepsanim licenéni smlouvy o vzajemné
spolupraci mezi Ceskou spoleénosti klinické biochemie
CLS JEP, EDMA a CZEDMA (Ceska asociace vyrob-




ci a dodavatelt diagnostik in vitro) o vytvoreni ceské
verze LTO. Prvnich 98 testli bylo prelozeno vybranymi
zastupci CSKB, ktefi je aktualizovali a upravili pro
specifické ¢eské podminky v souladu s doporucenimi
dalsich odbornych spole¢nosti. Vefejnosti byl cCesky
LTO poprvé predstaven 10.10.2008 pri prilezitosti 50.
vyroéi CSKB. Stranky jsou pfistupné na adrese www.
labtestsonline.cz.

LTO v CR okamzité po svém spusténi zaznamenal
zajem médii. Objevily se clanky v laickych i odbor-
nych novinach a casopisech, odkaz na LTO poskytuji
vSechny aktualni servery vénované zdravi a prob&hlo
nékolik poradl v rozhlase. V prvni poloviné roku 2009
se pripravuje preklad dalSich 100 testli a pokracovani
v cilené propagaci smérem k pacientim a zdravotnikiim.
Byla uzaviena smlouva s Medical Tribune o medialnim
partnerstvi a podepisuje se smlouva se SUKL o vzajem-
ném provazani webli urCenych pacientim a to je LTO
a www.leky.cz.

Navstévnik LTO se mimo jiné dozvi, co to vlastné
laboratorni vySetieni jsou, k ¢emu slouZi, jak vypadaji
vysledky z laboratore, jak jim porozumét, co to jsou
referen¢ni hodnoty a jak je tieba se na laboratorni vy-
Setieni (odbéry) pripravit. Dale se na rozdil od mnoha
jinych webovych ,zdravotnickych® portald dozvi, Ze
vSechny uvedené informace jsou garantovany odbor-
nou spoleénosti (CSKB JEP), kdy byly aktualizovany
a seznam literatury, ze které bylo ¢erpano.

V uzivatelskych podminkach je jednoznacné uvede-
no, Ze informace z LTO nejsou nahradou konzultace
s odbornym lékafem, jen 1ékaf je schopen relevantné
vzit v uvahu vice faktorti - vék, léky, vaha, alergie,
dal$i onemocnéni atd.

U konkrétnich vySetfeni si ¢tenaf najde nazev testu
event. jeho dalsi nazvy, odkazy na souvisejici vySetfeni
a zakladni informace: pro¢ se nechat vySetfit, kdy se
nechat vySetfit, pozadovany druh vzorku, co je vySetfo-
vano, tzn. srozumitelny popis, jaka je funkce vySetio-
vaného parametru v krvi, na ¢em se podili, k cemu je/
neni uziteCny, jakym zplsobem je vzorek pro vySetfeni
odebran a jestli je tfeba specialni priprava pred a pfi
odbéru vzorku.
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Dale se jednoduchou a pochopitelnou formou seznami
s tim, k ¢emu je vySetfeni vyuZivano, kdy je vySetfeni
pozadovano, co vysledek vySetfeni znamena, tzn. co
znamenaji zvySené hodnoty, co naopak snizené¢ hodnoty
a dalsi informace v souvislosti s timto vySetfenim.

Velmi cennou soucasti LTO jsou u kazdého vySetieni
,Casté otazky“ sebrané z celého svéta, seznam literatury
a dalsi odkazy.

Mozné motivace pacienta pro navstévu LTO

Pacient ma zadanku a chce védé€t, na jaka vySetieni
pujde a k ¢emu slouzi.

Pacient ma v ruce laboratorni nalez a chce védét,
co uvedené vysledky znamenaji, co ma/nema v poradku
a co to znamena.

Pacient ma zajem o preventivni testy za uplatu, najde
si jejich nabidku a chce vé€dét, co znamenaji, k cemu
jsou a za co vlastné plati.

Pacient se trvale 1é¢i, chodi pravidelné na testy
a chce védeét vice.

Mozné motivace zdravotnika pro navstévu LTO

Od lékare se vyZaduje, aby s pacientem komunikoval
o celém prubéhu 1é¢by. V LTO najde podporu, jakym
zpusobem lze s pacientem komunikovat o laboratornim
vySetfeni nebo kam se ma pacient obratit pro dalsi
informace.

Od Iékare se vyzaduje, aby se orientoval v aktualni
nabidce laboratornich testil, ale laboratorni medicina
je rychle expandujici obor a moznosti vyuziti jednotli-
vych testll se diky globalnimu sdileni a vyhodnocovani
zkuSenosti 1ékart celého sv€ta velmi rychle upresiuji
a doplnuji. LTO poskytuje globalni obraz laboratorni
mediciny a jejiho vyuZziti.

Podobnou motivaci k dopliovani znalosti miize mit
i jakykoliv dal§i zdravotnicky pracovnik, student ¢i
pracovnik ve zdravotnictvi s jinym neZ zdravotnickym
vzdé€lanim.

LTO je prehlednou knihovnou laboratornich vysetieni
dostupnou online kazdému uzivateli pocitace.
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COMMON REFERENCE INTERVAL CONCEPT.
A NEED TO DIFFERENTIATE BETWEEN
REFERENCE INTERVALS AND DECISION LIMITS

PER HYLTOFT PETERSEN

Reference interval is a statistical description of ref-
erence values from a well defined population/sample
whereas decision limit is a value for which consequences
are different for measurements below and above this limit
— and a reference limit is never a decision limit.

The biological prerequisite for establishing common
reference intervals is that the groups to be combined
must be homogeneous, i.e., the biology must be com-
mon (racial, environmental, gender/age, etc.), the state
of health for the reference individuals must be defined,
and the sampling conditions, materials and storage condi-
tions must be standardised. The analytical requirements
are: the quantity must be well defined and traceable
to a reference preparation or method, the procedure
must be specific, bias and imprecision must be within
acceptable limits, and the analytical method must be
controlled by commutable control materials.

Tools are available for validating possible combina-
tions of subgroups, such as ‘criteria for partitioning’ and
‘transformation of distributions into rankit’. Further, it
is recommended to separate the data from reference
individuals into as many subgroups as possible and
then test whether these can be combined.

To obtain low-risk populations the rule-out criteria
depends on the quantity under study, e.g. for diabetes,
for thyroid diseases, for plasma proteins etc.

For clinical decision models are decisive as the
classical bi-modal diagnostic concept differs from
the biochemical diagnostic concept; in the first the
prevalence of disease is constant (independent of the
cut-off), whereas in the latter the prevalence is decided
by the chosen cut-off, e.g. plasma-glucose for diagnosis
of diabetes.
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MONITORING OF
HEALTHY AND PATIENTS

PER HYLTOFT PETERSEN

Biological variation can be predictable or unpre-
dictable. The predictable variation can be within the
individual, e.g. circadian (diurnal=during the day) as
for serum-cortisol, or between individuals, e.g. age,
whereas the unpredictable variation is considered random
variation around an individual set-point (within-subject
variation, (Canhin_subject) and the variation of set-points
(between-subject variation (vaetween»subject))' Data for
within- and between-variation are summarised in http://
www.westgard.com/guest36.htm.

Some of the predictable variation, e.g. hormones
during pregnancy can be transformed into a stable
estimate according to the mean course by dividing the
concentration by the median of the group from the
same gestation week (MOM =Multiple Of Median),
which facilitates the diagnostic significance.

When the individual (within-person) variations are
spread according to a y>distribution the values are
scattered homogeneous and all individuals can be de-
scribed by the same estimated CV .. .. . If not, the
within-person value must be estimated for each single
individual.

A popular tool for monitoring is the Reference
Change Value (RCV) which is defined from the formula
RCV = 2*2‘/2*CVthm>subjw, which for z=1.96 (2p=0.05)
results in RCV=2.77* CV . . . This formula is
easy to understand and easy to apply, but it has some
serious drawbacks. Firstly, applying RCV to a series
of consecutive measurements increases the probability
of false changes (FP) due to the effect of repeated
testing. Secondly, there is no counter hypothesis, so
the power of the test is unknown. Thirdly, the prob-
ability of detecting changes depends on the sampling
frequency, as too frequent sampling may miss changes
because each change is too small, whereas infrequent
sampling delays the detection of changes.

A solution to the problem could be to apply two
different RCV-tests: the same test as RCV, but with a
lower probability, e.g. 2p=0.002 (z=3.1) and combine
it with another RCV-test (also with a lower probability),
but where the latest measurement is compared to the
minimum value of the series. Thus the FP is reduced
and the TP is optimized.




KYSELINA LISTOVA - MOZNY SKODLIVY UCINOK
VYSOKYCH DAVOK VO VYSSOM VEKU

LABORATORNE UKAZOVATELE
OBLICKOVEHO OCHORENIA

OLIVER RACZ, EVA SEDLAKOVA
EVA LOVASOVA, JAROSLAVA NOVAKOVA

Ustav patologickej fyziologie, Lekarska fakulta
Univerzita P.J. Safarika
Kosice

Kyselina listova a z nej odvodené folaty su esencialne
mikronutrienty pre ¢loveka a pre vacSinu zvierat. Bioche-
mické a metabolické ucinky folatov a nasledky ich defici-
tu su dobre zname. ZvySeny privod kyseliny listovej u Zien
v prekoncepénom obdobi a v prvych tyzdnoch gravidity je
vysoko uc¢innou a jednoznacne dokazanou moznostou pre-
vencie tazkych foriem razstepov neuralnej trubice novoro-
dencov. Udaje o priaznivych ucinkoch suplementacie kyse-
linou listovou v prevencii nadorovych, kardiovaskularnych
ochoreni a poklesu mentalnych funkcii vo vy§Som veku su
menej presved¢ivé. Kyselina listova a folaty su rastové fak-
tory, ktoré za urcitych experimentalnych okolnosti (mega-
davky kombinované s karcinogénmi) mozu zrychlit delenie
maligne transformovanych buniek.

Diskusia o moZnom zvySenom riziku vzniku rakoviny
hrubého Creva (a inych malignit) sa obnovila koncom de-
vétdesiatych rokov minulého storo€ia, a to v suvislosti so
zavedenim povinnej fortifikdcie muky kyselinou listovou
v USA a v Kanade. Paralelne so zavedenim fortifikacie do-
§lo v oboch krajinach k zvySenej incidencii rakoviny hrubé-
ho Creva.

Medzinarodné konzorcium expertov EFSA (Europe-
an Food Safety Authority), ktora sa konala v januari 2009
v Uppsale starostlivo zvazila vSetky dostupné udaje o moz-
nom §kodlivom ucinku vysokych davok (nad 1mg denne).
Popredni odbornici z Eurépy a USA za spoluucasti narod-
nych expertov Europskej unie konstatovali, Ze dnes pristup-
né udaje nevylucuju, ale ani nepotvrdzuju negativny ucinok
vysokych davok kyseliny listovej na zdravie ¢loveka. Napriek
tomu upozornili na skutoénost, Ze v krajinach Eurdpske;j
unie (kde o povinnej fortifikacii sa uvazuje jedine vo Vel'kej
Britanii) mnohi Iudia prijimaju formou r6znych suplemen-
tov, fortifikovanych napojov a potravin viac kyseliny listovej
ako 1 mg denne. Ide predovsetkym o skupinu v strednom
a vysSom veku, u ktorych je mozné predpokladat zvyseny
vyskyt latentnych prekanceroz. Odporucali upozornit laic-
ku verejnost na hornu hranicu denného privodu tohto mik-
ronutrientu. Dal§ou rizikovou skupinou st [udia malignita-
mi alebo s vylieCenou nadorovou chorobou, ktori su Casto
aj mierne anemické. Neuvazené podavanie kyseliny listovej
u tychto Iudi je vo svetle sucasnych, aj ked' nie jednoznacne
potvrdenych udajov nezodpovedné.
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ANNA STECOVA, ZITA BELICOVA
PETER KILIAN

Laboratorna diagnostika Medirex, a.s., Bratislava
Slovensko

Chronické ochorenie obli¢iek patri k zdvaznym
problémom v zdravotnictve. Laboratérnymi vySetre-
niami je mozné zistit uz jeho skoré Stadia. VySetrenie
glomerulovej filtracie sa povaZuje za najlepsi indikator
oblickovej funkcie. Za vhodné sa povazuju hodnoty
glomerulovej filtracie vypocitané u dospelych pomo-
cou rovnice vychadzajucej z MDRD study (Modified
diet in renal diseases study) alebo Cockroft-Gaultovej
rovnice, u deti pomocou Swartzovej rovnice. Samotna
koncentracia kreatininu v sére nie je vhodna na posu-
denie oblickovych funkcii. Pri prepocitani treba brat do
uvahy metodu, ktorou pracovisko stanovuje kreatinin,
pricom sa doporucuje pouzivat metddy s nadvidznostou
na referenénu metodu (IDMS).

Vypocet pomocou rovnic je orientacny, preto klasické
stanovenie clearance kreatininu so zberom moca treba
robif u vegetarianov, pacientov s malnutriciou a vel'mi
obéznych pacientov, u ludi so suplementaciou kreatinu,
po amputaciach a strate svalovej hmoty (parézy, chronic-
ké svalové ochorenia), pri pozZiadavke na monitorovanie
nutriéného stavu, pred zacatim dialyzacnej lieCby.

VySetrenie albuminurie: za najvhodnejSie sa povazu-
je vySetrenie z prvého ranného moca prepocitané na
vyluCovanie kreatininu (albumin/kreatinin). Vzhladom
k citlivosti metody, jej moZnému ovplyvneniu ortosta-
zou, namahou, ap., sa nedoporucuje vySetrovanie z 24 h
zberu moca.

VySetrenie proteinurie: na orientacné vySetrenie sa
moze takisto pouzif 1. ranny moc¢, urCuje sa pomer
koncentracie bielkovin v mo¢i ku koncentracii krea-
tininu (bielkoviny/kreatinin), pri naleze patologickej
proteinurie sa vSak nadalej doporucuje 24 h zber moca
(kvantitativna proteinuria).

Hodnotenie pomocou reagencnych pruzkov moze
detekovat hematuriu, leukocyturiu, aj baktérie. VySetrenie
mocového sedimentu je nutné pri podozreni na vyskyt
tubulovych epitelovych buniek, tukovych zloziek, valcov,
krystalov, plesni a parazitov.
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C - REAKTIVNY PROTEIN V PRAXI
VSEOBECNEHO LEKARA PRE DETI A DORAST

KATARINA SIMOVICOVA

Ambulancia pre deti a dorast, Bratislava
Slovensko

Klasickym predstavitelom pozitivhych proteinov
akutnej fazy zapalu je CRP. Bol objaveny v roku 1930
v Rockefellerovom v institute vedcami Tilletom Francisom.
Tito zistili, ze séra chorych s akutnou pneumokokovou
pneumoniou precipituju kapsularny C-polysacharid
baktérie Streptococcus pneumoniae a tento protein na-
zvali C - reaktivny protein - CRP. Napriek tomu sa tejto
skutoénosti nevenovala mimoriadna pozornost a az do
80. rokov 20. storocia ostaval CRP skoro nepovSimnuty.
Zaciatkom 90. rokov sa zacala ,renesancia“ CRP hlavne
v suvislosti s kardiovaskularnymi ochoreniami. Odvte-
dy si CRP naSiel svoje pevné miesto v kazdodennej
praxi - stal sa zakladnym laboratornym ukazovatelom
v diagnostike akutneho aj chronického zapalu a v mo-
nitorovani a efektu jeho liecby. CRP je fylogeneticky
starda molekula. Syntetizuje sa odburava skoro vyluéne
v peCenovych bunkach. Charakteristickou ¢rtou deter-
minujucou biologické ucinky CRP je jeho schopnost
viazat fosfocholin. Vdaka nej dokaze rozpoznavat cudzie
patogény a fosfolipidové sucasti posSkodenych buniek.
Po naviazani sa na cudzorodé cCastice a fagocytové
bunky aktivuje komplementovy systém klasickou cestou
a interakciou s humoralnym a bunkovym efektorovym
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systémom zapalu sa spusta odstranovanie cielovych bu-
niek. CRP je dominujucim proteinom akutnej fazy a jeho
koncentracia sa moze za patologickych stavov zvysit az
1000x%. ZvySena hladina CRP signalizuje spolahlivo Ze
v organizme prebieha chorobny zapalovy proces. Zistenie
jeho priciny si ale vyzaduje dalSie vySetrenia aby doslo
k spresneniu zakladnej diagndzy.

V pediatrickej praxi sa vySetrenie hladiny CRP
vyuziva pri podozreni na bakterialny povod infekcie.
Baktérie stimuluju tvorbu CRP najmohutnejSie, menej
mycobaktérie a plesne, virusy minimalne alebo vobec.
Vzostup CRP pri bakteridlnej infekcii je vel'mi rychly,
behom 6-10hod, maximum dosahuje za 24-48 hodin
a k normalnym hodnotam sa vracia behom cca 4-5 dni.
Vseobecne sa povazuje hladina normalnych hodnoét
u zdravého jedinca od 3-8 mg/l.

V ambulantnej pediatrickej praxi je stanovenie hladiny
CRP vel'mi vyznamnym pomocnikom pri rozhodovani
o nasadeni antibiotika. Podla pripraveného Odborného
usmernenia MZ SR tykajuceho sa racionalnej preskripcie
antibiotik v pediatrickej praxi je hodnota CRP 40 mg/1
hrani¢na - pri ktorej ma pediater zvazit ordinaciu ATB
v sucinnosti s klinickym stavom pacienta v sucinnos-
ti s ostatnymi vySetreniami (mikrobiologické, RTG,
Sono).

CRP metodou rychleho testu priamo v ambulan-
cii lekara z kapilarnej krvi odobratej z bruSka prsta
detského pacienta - kedy je vysledok k dispozicii za
3-5min je - vyznamnym prinosom pre lekara. Moze
sa tak rychlo a ¢o najspravnejSie rozhodnuf o nasade-
ni ATB lieCby alebo ju odmietnut aj ked rodi¢ velmi
nalieha. Predchadza tym k rezistencii na antibiotika,
ktora stale narasta.




SOUCASNE TECHNOLOGIE
A MOZNOSTI ZAJISTENI JAKOSTI POCT

LUDEK SPRONGL

Centralni laboratof, Sumperska nemocnice a.s.

VysSetfovani v misté péce (Point-of-care testing,
POCT) zahrnuje v soucasné dobé vySetieni doma,
v ambulancich jak praktickych lékaru, tak specialisti,
v nemocnici u lizka a i pfi riznych akcich na vefejnosti.
Rozvoj téchto testll zavisi na fadé faktord. Patfi sem
dostupnost POCT, cena testli, pozadavky pacientli na
POCT a rozvoj technologii POCT. Hlavnim faktorem ale
je zfejmé rozvoj technologii a tim i mozZnosti rozsifeni
spektra test v rezimu POCT. Toto rozSifeni je v ze-
mich zapadni Evropy a predev§im v USA daleko vétsi
nez v naSich krajich. Nové technologie totiZz umoznuji
jak provadét testy doma s napojenim pres internet na
lékate, tak provést fadu vySetfeni v ambulanci Ci v teré-
nu. Rozvoj nemocni¢nich POCT setrvava na omezeném
spektru (ABR, elektrolyty, glukéza, kardialni markery),
nebot naprosta v€tSina testd je v centralni laboratofi
zajiSténa vcas, levnéji a obvykle i kvalitnéji.

Testy typu glukdézy, parametry koagulace, CRP,
HbAlc, alkohol, laktat, hCG ¢i lipidovy profil jiz jsou
bézné i mimo nemocni¢ni péci, nové technologie zde
pouze zvySuji zabezpeceni kvality vysledkli. Nové se
uplatnuje v oblasti POCT rozvoj mikro-technologii a
nanotechnologii, obecné rozvoj elektroniky a internetu,
projekt genomu a dal§i nové analyticko-chemické tech-
nologie. Tak 1ze vySetfit Siroké spektrum rtznorodych
testll - novorozenecky bilirubin, PTH, serologie (hepa-
titidy, HIV), bakteriologicka vySetfeni (rozvoj souvisi se
strachem z teroristd), okultni krvaceni.

S rostoucim spektrem a poctem vySetfeni POCT ale
rostou i naroky na kvalitu vysledki, obdobné jako je
tomu v laboratofich. Cilem POCT v jakékoliv form¢ je
péce o pacienta s maximalizaci vyhod a minimalizaci
rizik za pfiméfenou cenu. DalSim cilem je vyhovét
pozadavkim lékafe a pomoci mu feSit problém.

Pri zajiSténi jakosti jak celé péce o pacienta, tak jen
vySetfeni POCT je tfeba védét, kde jsou zdroje chyb.
Mohou totiz nastat v mnoha castech celého procesu,
véetné€ chyb pfi vybéru vySetieni, chyby pfi hodnoceni
vysledkt, chyby ¢i zpozdéni pfi urCeni diagndzy, chyby
v analytickém procesu ¢i chyby v preanalytické fazi.
Chyby Ize hodnotit, pokud se hodnoti cely proces na
principu: spravny pacient je vySetfen vhodnym testem,
bez zamény vzorku, vysledek je spravny a je dodan vcas
a spravné vyhodnocen.

POCT snizuje riziko chyb redukci krokt v preanaly-
tické a postanalytické casti. Navic soucasné technologie
v rezimu POCT jsou zarukou validnich vysledkd. Uspésna
implementace POCT zalezi na systému jeho fizeni a sprav-
ném zarazeni do celého systému péce o pacienty.
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FIRMA ABBOTT LABORATORIES -
NOVE PERSPEKTIVY DIAGNOSTIKY A VZDELAVANI
PRACOVNIKU LABORATORI

JAN TRBUSEK

Abbott Laboratories, s.r.0.; Diagnostic Division

ABSTRAKT

Firma Abbott Laboratoris ma témér 40ti letou zkuse-
nost v oboru laboratorni diagnostiky a za tuto dobu se
jeji vysoce kvalitni testy a analyzatory staly jiZ nedilnou
soucasti laboratorniho prostiedi.

Neustavajici dynamicky rozvoj oboru laboratorni
mediciny a zvySujici se naroky na kvalitu produkta
jsou pro firmu Abbott Laboratories impulzem k vyvoji
novych produktd, a to jak diagnostickych testli, tak
a analytickych systémi.

V leto§nim roce bude doplnéna rodina analyzatort
ARCHITECT o nejmensSiho zastupce biochemickych
systému, analyzator ARCHITECT ¢4000. Jeho propojeni
se stavajicim imunoanalytickym systémem ARCHI-
TECT i1000,, do podoby integrovaného analyzatoru
ARCHITECT ¢i4100 pak umozni i mens§im laboratofim
uspésnou konsolidaci CC a IA testli na jedné platformé.
To dovoluje stanovit Siroké spektum parametrti z jedné
primarni zkumkavky.

Vedle intrumentalniho vybaveni laboratofi firma
uvedla nebo v nejblizsi dobé uvede na trh nékolik
inovativnich markeri, které vychazeji vstfic narocnym
pozadavkim klinikd z fady oblasti mediciny, napf.:
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MPO (myeloperoxidaza) - prognosticky ukazatel vzniku
kardiovaskularnich prihod, NGAL - revolu¢ni parametr
v diagnostice akutniho renalniho poSkozeni, nadorové
markery malobunééného karcinomu plic - ProGRP,
a karcinomu ovaria - HE4, HCV Core Ag k pfimému
stanoveni viru hepatitidy C aj.

Zcela novou oblasti, ve které se firma Abbott angaZuje,
je vzdélavani pracovnik@i laboratofi. V minulé roce
byl vefejnosti predstaven ambiciozni projekt s nazvem
CEVA (Centrum Edukace a Vyzkumu Abbott). Jedna
se o konzulta¢né-edukacni platformu, ktera je vysled-
kem spoluprace spoleénosti Abbott Laboratories s.r. 0.
CR s Lékafskou fakultou Univerzity Karlovy v Plzni
a Klatovskou nemocnici a.s., pfiCemZ se na ni podileji
pfedni odbornici na rizné oblasti laboratorni mediciny
i klinickych obort z celé Ceské republiky. Tento inova-
tivni projekt je primarné urCen zakaznikim firmy Ab-
bott a je zaméfen na rozvoj kooperace mezi komerénim
sektorem, laboratornimi obory, klinickou aplikaci pro
laboratorni diagnostiku a vyzkumem. Snahou tvilrcu
projektu CEVA je vedle poskytovani odbornych kon-
zultaci k interpretaci laboratornich vysledka a podpory
odbornych diskusi pracovnikl v laboratorni mediciné
rovné€z Sifeni aktualnich poznatki védy a vyzkumu
v oblasti laboratorni diagnostiky, zefektivnéni podpory
a zlepSeni edukce uzivateld diagnostiky a analytickych
systémt firmy Abbott a rovnéz urychleni zavadéni
novych laboratornich metod do klinické praxe.

BlizZsi informace o projektu CEVA najdete na strankach
www.ceva-edu.cz.
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POCT U PEDIATRICKYCH PACIENTOV
V INTENZIVNEJ STAROSTLIVOSTI

ALENA VASILENKOVA!
DAGMAR SYROVA!, DARINA BEHULOVA!
JOZEF PONEC !, PAVOL KUNOVSKY?

!Oddelenie laboratornej mediciny
Detska fakultna nemocnica s poliklinikou, Bratislava,
Detské kardiocentrum Narodného ustavu srdcovych
a cievnych chorob v Bratislave, a.s.

Pediatricky pacient so svojimi S§pecifikami (metabolicka
nestabilita, anatomické a fyziologické odliSnosti, imu-
nologicka nezrelost, vy$sia akutnost ochoreni) vyzaduje
Specialny pristup v diagnostickom a liecebnom procese.
U kriticky chorych pediatrickych pacientov musi byt
zabezpecCena okamzita dostupnost vySetrenia koncentracii
elektrolytov a krvnych plynov z minimalneho objemu
vzorky. Tieto poziadavky riesi analyza pri 16Zku pacienta
(POCT), ktora vyrazne zrychluje a optimalizuje diag-
nosticky proces. Systém realizacie vySetreni pri 10Zku
pacienta bol v DFNsP Bratislava implementovany v roku
2001 na oddeleni pooperacnej starostlivosti a opera¢nych
salach Detského kardiocentra inStalaciou 2 analyzatorov
STAT Profile pHOx Plus (Nova Biomedical, USA) na
vySetrenie parametrov acidobazickej rovnovahy, oximetrie,
elektrolytov a glukozy. Proces implementacie zahrial
hlavne zaSkolenie a zacvik vSetkych oséb zucastnujucich
sa POCT, zavedenie modelu kontinualnej kontroly a hod-
notenia kvality a efektivity prevadzky. Od roku 2005, po
vytvoreni samostatného Detského kardiocentra SR, zostali
analyzatory pod superviziou pracovnikov centralneho
laboratoria OKB DFNsP. Dalsou etapou zavadzania
POCT v DFNSsP bola inStalacia analyzatorov STAT
Profile Critical Care Xpress (Nova Biomedical, USA)
na Jednotke intenzivnej starostlivosti Oddelenia pato-
logickych novorodencov a Detskej klinike anestéziologie
a intenzivnej mediciny v roku 2008. Tieto analyzatory
spliaju vsetky naroéné kritéria pre POCT, su schopné
poskytovat 19 meranych a 30 vypocitanych parametrov
urgentnej mediciny z malého objemu vzorky (50-150 ul)
s kratkou dobou analyzy. Su nenaro¢né na obsluhu,
s minimalnou udrzbou, s automatickou ,on-board*
kontrolou kvality, s intuitivnym softwarom a softwarom
pre dialkovu spravu. Nenahraditelnym prvkom sa stal
tiez elektronicky prenos dat z analyzatora POCT do
LIS centralneho laboratoria a do NIS.

Napriek viacerym uskaliam (merania ,nelaboratérny-
mi“ pracovnikmi, vyS$Sie prevadzkové naklady) analyzy
POCT v DFNsP sa vyznamne podielaju na zlepSeni
diagnostického a monitorovacieho procesu a tym aj
kvality zivota pediatrickych pacientov v intenzivnej
starostlivosti.




POCT:
JEHO MOZNOSTI A NEDOSTATKY

TOMAS ZIMA, PETR STERN

Ustav klinické biochemie a laboratorni diagnostiky
1.LF UK a VFN Praha

<«

Na pocatku 21. stoleti stoji ,,proti sobé“ dvé oblasti
laboratorni diagnostiky, které se rozvijeji a to POCT
a konsolidace a centralizace laboratofi. Casto se na
tyto sméry hledi, Ze se jedna o protichtidné tendence,
avSak tyto trendy laboratorni diagnostiky se musi vza-
jemné doplnovat. Primarni snahou indikujiciho lékaie
je rychlost ziskani laboratorni vysledku, kterda ma nékdy
opravnéni z hlediska rychlého rozhodovani (diagnostika
akutnich stavil) nebo snaha poskytovat kvalitni a rychlé
sluzby pacientovi (vySetieni a diagnostika v ramci jedné
navstévy).

S pozadavky na POCT vySetieni se setkavame zejména
v oborech intenzivni mediciny (ARO, JIP, operacni saly,
kardiocentra, zachranna sluzba) nebo pfi vySetfovani
v terénu (prakticti 1ékafi).

Jednim z prikladd efektivniho zavadéni POCT je
centralizovany systém glukometrd ve velkych zdravot-
nickych zafizenich, kdy odbornym garantem, ktery
vyhodnocuje kvalitu analytickych procest je laboratof,
vysledek je soucasti udaji v LIS a 1ékaf jej ma okam-
zité k dispozici.

Spektrum analytl pro vySetfeni POCT neustale nartsta
a zahrnuje kromé nejrozsifenéjSiho stanoveni glukozy,
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iontl a ABR téz kardiomarkery, koagula¢ni parametry,
drogovy screening, ale i vySetfeni infekénich nemoci,
renalnich funkci a fadu dalSich.

Pfi rozhodovani o zavedeni systému POCT musime
zvazit nékteré faktory - zrychleni diagnostiky a zlepSe-
ni kvality péCe o pacienta, zajiSténi kvality stanoveni
a ekonomickou analyzu.

Vyhodou POCT je rychly vysledek bez transportu
materialu do laboratore, vétSinou maly objem odebiraného
materialu, jednoduché a snadné provedeni. K nevyhodam
POCT patii vyssi naklady na test, nestandardnost pro-
vedeni, rtizna kvalita personalu provadéjiciho vysetieni,
riziko naduZzivani vySetieni.

Celosvétové stoupa pocet POCT vysetfeni o cca 10%
ro¢né (klinicko-biochemicka vySetieni jen o 1% ro¢né¢)
a tento trend bude pokracovat a bude se rozSifovat na
testovani pacientli ¢i osob doma. Budou se propojovat
POCT pristroje prostfednictvim mobilnich systémi ko-
munikaci s pfenosem udaji k 1ékafi s mozZnosti pripadné
okamzité reakce pii dosazeni kritickych hodnot. Pristroje
budou miniaturizovany a bude vyuzZivano neinvazivni
testovani ¢i monitorace parametra.

Pii rozvoji POCT musime dbat na dodrzeni nékolika
zakladnich pravidel: edukovat osoby provadéjici vySetreni,
systémy musi byt zapojeny do systému EHK s kontrolou
kalibrace pristroju, pfistroje musi spliovat legislativni
podminky pro in vitro diagnostika, musi byt zajiS§tén
kvalifikovany servis a je tfeba znat udaje o porovna-
telnosti vysledka s ,klasickymi“ analytickymi systémy.
Ve zdravotnickych zafizenich by odbornou garanci nad
systémy POCT meéla provadét laboratof.
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ERNDIM - SYSTEM EXTERNEHO HODNOTENIA
KVALITY BIOCHEMICKEJ DIAGNOSTIKY
DEDICNYCH METABOLICKYCH PORUCH

DARINA BEHULOVA, ANNA SALINGOVA
JOZEFINA SKODOVA, DARINA HOLESOVA
JOZEF PONEC, JANA PERECKOVA
CLAUDIA SEBOVA, MARIA OSTROZLIKOVA

Centrum dedi¢nych metabolickych poruch
Oddelenie laboratornej mediciny
Detska fakultna nemocnica s poliklinikou, Bratislava
Slovenska republika

SUHRN

Cielom prace je charakterizovat medzinarodny systém
externého hodnotenia kvality biochemickej diagnostiky
dedi¢nych metabolickych poruch ERNDIM a analyzovat
vysledky, ktoré v nom dosiahlo Centrum dedi¢nych metabo-
lickych poruch (CDMP) Oddelenia laboratérnej mediciny
Detskej fakultnej nemocnice s poliklinikou v Bratislave.
ERNDIM bol zalozeny v roku 1994. Ulohou jeho neustale
sa rozsirujucich ¢innosti je zabezpecit v Europe spolahli-
vé a Standardizované vySetrenia sluzZiace na diagnostiku,
liecbu a monitorovanie dedi¢nych metabolickych poruch.
Za tymto ucelom poskytuje systém v sucasnosti viac ako
250 $pecializovanym biochemicko-genetickym laboratori-
am 9 schém externej kontroly kvality. ERNDIM rozvija
naviac bohaté edukacné aktivity. Prostrednictvom svojej
webovej stranky podava ucastnikom ERNDIM ako aj
Sirokej odbornej verejnosti uzitocné praktické informacie
o diagnostike DMP. Uzko spolupracuje s medzinarodnou
organizaciou SSIEM a v sucasnosti je zapojeny do roz-
siahleho projektu Eurogentest. Zaciatok ucasti CDMP
v ERNDIM, s 3 kontrolnymi schémami, aminokyseliny
kvantitativne, Specialne analyzy v sére a v moci, sa datuje
do roku 1998. V rokoch 2001 a 2004 sa Centrum zapo-
jilo do 2 dalSich schém Diagnostic Proficiency Testing
(DPT) a organické kyseliny kvantitativne. Dosahované
vysledky v 4 schémach boli velmi dobré, v schéme DPT
vynikajuce. V sucasnosti je nutné zdoraznit, ze vykonavanie
vysoko sofistikovanych biochemicko-genetickych analyz
a poskytovanie expertnych zaverov Specializovanym la-
boratériom bez externého hodnotenia kvality moze viest
k nespravnym nalezom s naslednym poSkodenim zdravia
azZ ohrozenim zivota vySetrovanych pacientov.

Klucové slova: dedicné metabolické poruchy, bioche-

micko-genetickd diagnostika, externé hodnotenie kvality,
kontrolné schémy

SUMMARY

The aim of the paper is to characterize international
system of External Quality Assurance of biochemical
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diagnosis of inherited metabolic diseases ERNDIM, and
to evaluate results achieved in the Centre of Inherited
Metabolic Diseases (CIMD) of the Department of La-
boratory Medicine in the University Children‘s Hospital
Bratislava. ERNDIM was established in 1994. The goal
of its permanently growing activities has been to ensure
reliable and standardised procedures for diagnosis, tre-
atment and monitoring of inherited metabolic diseases
in Europe. To achieve this goal, the system is providing
for more than 250 specialised biochemical genetic labo-
ratories 9 external quality control schemes at present.
In addition, ERNDIM has been developing plenty of
educational activities. Via own Website it has been
offering useful practical information about diagnosis of
inherited metabolic diseases to ERNDIM participants as
well as to various medical experts. ERNDIM has been
cooperating closely with SSIEM and up to date, it is
involved in large project Eurogentest. The participation
of CIMD in ERNDIM started in 1998 by performing
of 3 control schemes: amino acids quantitative, special
assays in serum and in urine. Since 2001 and 2004
the Centre has been taking part in further 2 schemes
Diagnostic Proficiency Testing (DPT) and organic acids
quantitative, respectively. The achieved results were very
good in 4 schemes and DPT scheme was evaluated as
excellent. Nowadays it is necessary to emphasise that
providing of highly sophisticated biochemical genetic
analyses and complex expertises by the specialized la-
boratory without external quality assurance could lead
to findings which may harm the health or cause even
a life-threatening condition in investigated patients.

Key words: inherited metabolic diseases, biochemi-
cal genetic testing, external quality assurance, control
schemes

UVOD

Dedi¢né metabolické poruchy (DMP) tvoria jedno
z najmladsich odvetvi mediciny. Prvé 4 ochorenia opi-
sal genialny britsky lekar a biochemik Sir Archibald
Garrod pred viac ako sto rokmi (4). Enormny vzostup
novoobjavenych DMP nastal v poslednych desatrociach
minulého storo¢ia a zaCiatkom nového milénia. Pocet
tychto metabolickych ochoreni sa pohybuje v sucasnosti
okolo 1000 (7). Jednotlivé poruchy su sice pomerne
zriedkavé, avSak kumulativny vyskyt DMP odhaduju
skuseni odbornici az na 0,8-0,9 percent Zivonarode-
nych (8). Znamenalo by to, Ze najmenej 1 z kazdych
125 narodenych jedincov trpi geneticky podmienenym
metabolickym ochorenim.

Diagnostiku a monitorovanie pacientov so sus-
pektnymi i potvrdenymi DMP zabezpecuju na celom
svete Specializované biochemicko-genetické laboratoria.
Vykonava sa v nich Siroka Skala naro¢nych a vysoko
sofistikovanych analyz v telesnych tekutinach, ktoré
zahfiaju niekol'ko stoviek metabolitov a enzymov. Na
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rozdiel od ,klasickych® klinicko-biochemickych laboratorii
ma vySetrenie pacienta na tychto pracoviskach podstat-
ne komplexnejsi charakter. Spociva nielen v cielenom
vySetreni markerov. Priamo v laboratériu sa na zaklade
ich interpretacie musi postavit, resp. vylucit diagnoza
konkrétnej DMP u suspektného pacienta, alebo sa musi
zhodnotif metabolickd kompenzacia dokazanej DMP
u monitorovaného pacienta.

Klinicki lekari sa pri diagnostike, terapii, moni-
torovani a celkovom manazmente pacienta s DMP
v plnom rozsahu spoliehaju na nalezy a expertné za-
very §pecializovaného laboratoria. Nespravne vysledky
alebo nespravna interpretacia analyz mo6zZze mat preto
za nasledok namiesto upravy metabolickej poruchy jej
zhorSenie alebo nastup zavazného metabolického roz-
vratu. K poskodeniu pacienta by viedla aj neadekvatna
lieCba nasadena na zaklade nespravne urCenej diagndzy
v laboratoériu alebo naopak absencia §pecifickej terapie
pri prehliadnuti DMP laboratornym pracoviskom. Dal-
Simi dalekosiahlymi nasledkami nedostatkov pri bioche-
micko-genetickom vySetrovani moze byt neposkytnutie
genetického poradenstva alebo znemoZnenie vykonania
cielenej prenatalnej diagnostiky v postihnutej rodine.

Bolo preto zakonité, ze v 90. rokoch minulého sto-
roCia sa naliehavo prejavila potreba zvysit spravnost,
presnost, reprodukovatelnost a harmonizaciu labora-
torneho vySetrovania na poli DMP. Naplnenie tychto
cielov sa mohlo pritom opierat o dlhorocné skusenosti
dosiahnuté v systémoch internej a externej kontroly
kvality ,klasickej“ klinickej biochémie implementovanych
uz v priebehu 70. a 80. rokov 20. storocia (3,6).

ERNDIM - historia, ciele, aktivity a Struktura
Rozhodnutia klinickych lekarov, tykajuce sa dia-
gnostiky, monitorovania, lieCby a prognozy pacientov
s dedicnymi metabolickymi poruchami, zavisia zasadnym
sposobom na vysledkoch biochemickych vySetreni vyu-
Zivajucich vysoko Specializované technologie a pristroje
a na interpretacii tychto nalezov erudovanym persona-
lom laboratorneho pracoviska (1). Prvé kroky smerujiice
k implementdcii externého hodnotenia kvality (External
Quality Assurance, EQA) na poli biochemicko-genetickej
diagnostiky DMP urobili zanieteni lekdri a biochemici uz
v roku 1991. Ich Ziadost o grant na ambiciozny projekt
Eurépskej unie (EU) bola neuspesna. Dalsie usilie
odbornikov z viacerych europskych krajin (Holandsko,
Belgicko, Francuzsko, Vel'ka Britania a dalSie) sa preto
neskor koncentrovalo na ziadost o grant EU sustredu-
juci sa na Programy hodnotenia kvality BIOMED-1
(Biomedical and Health Research Programme). Po
schvaleni tohto grantu bol v Maastrichte 5. septembra
1994 formalne zaregistrovany ERNDIM, ktory sa dodnes
Standardne pouziva ako skratka oficialneho, ale dlhého
nazvu European Research Network for evaluation and
improvement of screening, Diagnosis and treatment of
Inherited disorders of Metabolism. Ako vystup grantu
BIOMED-1 sa dosiahlo etablovanie prvych 4 schém
kontroly kvality a zapojenie viac ako 100 laboratorii do
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jednej alebo viacerych schém. Napriek mimoriadnemu
pokroku bolo nevyhnutné pokracovat a rozSirovat cely
program, ¢o sa podarilo v roku 1998 schvalenim Ziadosti
o dalsi grant EU BIOMED-2. Vdaka nemu sa postupne
zaviedli dalSie kontrolné schémy, rozsirili sa europske
centra poskytujuce kluCovu schému Diagnostic Profi-
ciency Testing (DPT), obnovil sa zoznam europskych
biochemicko-genetickych laboratorii a rozvijali sa nové
edukac¢né aktivity (1).

Schémy EQA, ktoré zabezpecuje ERNDIM, su
zakladnou cestou pre zvySenie kvality, spolahlivosti
a porovnatelnosti vysledkov biochemicko-genetickych
vySetreni predovSetkym v ramci Europy. Opieraju sa
o medzinarodné normy a odporucania (3). Implementad-
cia externej kontroly kvality na poli diagnostiky DMP na
ndrodnej uirovni nie je realisticka v malych ako aj velkych
Stdatoch. PocCet zucastnenych §pecializovanych laboratorii
by bol v ktorejkolvek krajine prili§ maly pre zmyslupl-
né Statistické posudenie vysledkov. Pocet ucastnikov
ERNDIM z europskych i niektorych mimoeurépskych
krajin sa zvysil od roku 1994 do roku 2007 zo 123 na
268 laboratoérii. Vysledky tychto pracovisk by mali byt
spolahlivo vyuziteIné pre diagnostiku, monitorovanie
a liecbu pacienta kdekolvek v Eurdpe, nezavisle od
toho, v ktorej krajine bol pacient laboratorne vySetreny
a v ktorej je aktualne lieceny (1,3).

Okrem EQA sa od svojho zalozenia ERNDIM su-
streduje aj na rozvijanie pocetnych edukacnych aktivit.
Za klIucové sa povazuju ERNDIM mitingy organizované
na vyro¢nych sympoziach prestiznej organizacie SSIEM
(Society for the Study of Inborn Errors of Metabolism)
zdruzujucej odbornikov z celého sveta pracujucich na
poli diagnostiky, lieCby alebo vyskumu DMP. Pre ucast-
nikov DPT schém v 5 europskych centrach su ,,povinné*
paralelne a uzavretym sposobom prebiehajuce stretnutia,
pocas ktorych sa detailne a velmi otvorene diskutuju
kazdoro¢né vysledky. Od roku 2001 na ne nadvdzuje
ERNDIM miting pristupny pre vSetkych ucastnikov
SSIEM sympozia. Jeho program sa sustreduje vzdy
len na jednu skupinu dedi¢nych metabolickych poruch
s dorazom na ich klinické prejavy, uskalia laborator-
nej diagnostiky a prezentaciu uspesnosti ¢i zlyhania
ich analytiky a interpretacie v kontrolnych schémach.
ERNDIM podporuje tréning pracovnikov biochemicko-
genetickych laboratérii z menej rozvinutych Statov na
Spi¢kovych pracoviskach vo vyspelych krajinach, aby
sa postupne vyrovnaval rozsah a kvalita poskytovanych
sluzieb. Novou spolo¢nou iniciativou ERNDIM a SSIEM
su tréningové dni pre laboratornych pracovnikov pred-
chadzajuce vyroénym sympoéziam SSIEM (9).

Mimoriadny vyznam malo zapojenie ERNDIM do
rozsiahleho medzindrodného projektu EU Eurogentest.
KItcovym cielom bolo rozSirenie ucasti biochemicko-
genetickych pracovisk v EQA v spojeni so spravnou
laboratérnou praxou v internej a externej kontrole
kvality. V ramci tejto kooperacie sa kazdy rok konaju
mitingy narodnych zastupcov vSetkych ¢lenskych Statov
EU. Ich naplinou je postupne definovat a hladat rieSe-




nia pre individualne i vSeobecné nedostatky a potreby
EQA v biochemicko-genetickej diagnostike v krajinach
EU (2,10). Na vynikajucej urovni sa podarilo vytvorit
novu spolo¢nu stranku ERNDIM/Eurogentest (3,9).
Nenahraditelnou pomocou pre odbornikov je na nej
novovytvoreny zoznam S$pecializovanych laboratorii
s detailnymi udajmi o poskytovanej laboratornej diagnos-
tike. V roku 2007 obsahoval zoznam 130 pracovisk,
vaéSinou univerzitnych centier, ktoré vykonavali 480
roznych Specialnych vySetreni. K dalSim neocenitel nym
pomockam pre odbornikov i Siroku verejnost patria na
webovej stranke vypracované vySetrovacie algoritmy,
metabolicka mapa a aktudlne informacie z oblasti
diagnostiky DMP.

Organizdciu ERNDIM zastreSuje Dozorna rada
s funkénym obdobim 5 rokov. Tvoria ju 4 az 14 Clenovia,
ktori pochadzaju najmenej zo 4 Clenskych krajin EU.
Rada voli Vykonny vybor, zodpovedny za administraciu
vSetkych aktivit, pozostavajuci z predsedu, sekretara,
pokladnika a zastupcu kontrolnych schém. Dozorna rada
a Vykonny vybor su v uzkom spojeni s poskytovatel'mi
kontrolnych schém, s Vedeckou radou a s Narodnymi
expertmi v jednotlivych krajinach.

ERNDIM - kontrolné schémy

V sucasnosti je v ramci ERNDIM k dispozicii
9 schém kontroly kvality pre biochemicki diagnostiku
DMP Uvedené su prehladne v tabulke 1 spolu s po¢tom
participujucich laboratérii v roku 2008 a poskytovatel'mi
schém kontroly kvality. Schémy sa delia na dve skupiny:
kvantitativne a kvalitativne.

Kvantitativne schémy su jednozna¢nymi a najviac pria-
modéiarymi typmi EQA. Ugastnici kvantifikuju prislusné
metabolity v umelo pripravenej zmesi, napr. pozadovanu
§kalu aminokyselin pridanych v znamych mnoZstvach
do dialyzovaného séra. Performance (vykonnost) sa
hodnoti a vyjadruje na zaklade spravnosti a presnosti
bez zapojenia akéhokolvek prvku interpretacie. Detailne,
u ucastnikov sa hodnoti spravnost, presnost, vytaznost
a linearita pre kazdé laboratéorium a porovnavaju sa
vysledky medzi laboratoriami. Pri vybere a priprave
vzoriek sa kladie doraz najmid na koncentracie meta-
bolitov, ktoré musia byt klinicky relevantné a zahfnaju
nizke i vysoké hladiny. Tieto schémy dokazu identifi-
kovat konkrétne problémy individualnych laboratorii,
ale nenaznacuju ich rieSenia. Kritérida pre uspokojivu
vykonnost (Satisfactory Performance) boli odvodené
empiricky na zaklade Statistiky v skupine ucastnikov bez
snahy urcit, aké nastavenie je pozadované vo vymedze-
nej klinickej oblasti (3,6). Do skupiny kvantitativnych
EQA schém patria aminokyseliny, organické kyseliny,
Specialne analyzy v sére a v moci, puriny a pyrimidiny,
cystin v leukocytoch.

V kvalitativnych schémach je interpretacia obvykle za-
loZena viac na poznani ur¢itého obrazu ako na presnosti
merani v prirodzenych vzorkach biologického materialu
od autentickych pacientov. Niektoré schémy pokryvaju
analyzu mens$ej skupiny metabolitov ako su acylkarnitiny
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v suchej kvapke krvi alebo organické kyseliny v moci.
Naopak, DPT schéma zahfia Siroku $kalu roznorodych
stanoveni. V oboch pripadoch je vSak cielom tychto
merani stanovenie alebo vylucenie diagnézy DMP a od-
porucania dalSich vySetreni pre potvrdenie nalezu v ramci
diferencialnej diagnostiky. Tieto schémy si vyzaduju ako
hlboké poznatky o DMP, tak aj analyticki zruc¢nost.
Pri zlyhani v tychto schémach je mozné v jednotlivych
pripadoch odhalit jeho jednotlivé priiny (analytické,
interpreta¢né, organizacné), ¢o modzZe aspon teoreticky
viest ku kontinualnej naprave a zlepSovaniu vykonov
(5,6). Vyrazna edukacna zlozka tychto schém spocCiva
jednak v obdrzani autentickych vzoriek od pacientov
s DMP, ktori sa v rutinnej praxi mézu vyskytnuf vel'mi
raritne, jednak v kolektivnej diskusii o vysledkoch na
uzavretom DPT mitingu ERNDIM pocas vyro¢ného
sympoézia SSIEM, ale aj na inych forach (6).

Enormny rozvoj biochemicko-genetickej diagnostiky
v poslednych rokoch vedie k permanentnej potrebe
rozvoja novych schém kontroly kvality. V sucasnosti
prebiehaju v ramci ERNDIM dve pilotné stidie, ktoré
by mali viest k zavedeniu dvoch novych kontrolnych
schém pre lyzozoémové enzymy a kongenitalne poruchy
glykozylacie.

Tab. 1. Kontrolné schémy, ktoré ERNDIM poskytoval v roku 2008,
pocetnost zuc¢astnenych laboratorii a poskytovatelia schém

Schéma N Pocet Posky-
ucastnikov tovatel

Aminokyseliny kvantitativne 200 SKZL
Specialne analyzy v mo¢i 134 SKZL
Specialne analyzy v sére 176 SKZL
Organické kyseliny kvantitativne 76 SKZL
Puriny a pyrimidiny 51 SKZL
Organické kyseliny kvalitativne 159 IS—I}:(flf:tigig
Acylkarnitiny 75 Londyn
Cystin v leukocytoch 28 Leeds
DPT Amsterdam/Nijmegen 19 Iﬁli;:::gr:im/
DPT Praha 18 Praha
DPT Sheffield 21 Sheffield
DPT Lyon 21 Lyon
DPT Bazilej 22 Bazilej

Vysvetlivky: SKZL - Dutch Foundation for Quality Assessment
in Clinical Laboratories, Nijmegen; mesta oznacuju sidla
prislusnych univerzitnych metabolickych centier

Bez ohladu na pocet schém, do ktorych je laboraté-
rium v prisluSnom roku zapojené, ziskava jeden Certifikat
o ucasti a vysledkoch (Certificate of Participation and
Performance) signovany predsedom ERNDIM. Prehlad-
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ne su na nom uvedené schémy, ktorych sa pracovisko
v danom roku zucastnilo, a zaroven si na nom jasne
vyznacené vysledky, ktoré v jednotlivych schémach,
resp. vybranych analyzach, dosiahlo v zmysle splnenia
alebo nenaplnenia pozZadovanej uspokojivej vykonnosti
(Satisfactory Performance). Okrem Certifikatu laborato-
rium dostane od poskytovatela kazdej schémy, ktorej sa
pocas daného roku zucastinovalo, aj Ro¢nu spravu (An-
nual Report). Su v nej detailne uvedené vsetky vysledky
laboratoria, ich hodnotenie a porovnanie s vysledkami
celej skupiny participujucich laboratéornych pracovisk
v prislu§nej schéme.

ERNDIM - ucast a vysledky dosiahnuté v CDMP

Centrum dedi¢nych metabolickych poruch Oddelenia
laboratornej mediciny Detskej fakultnej nemocnice s po-
liklinikou Bratislava sa zapajalo do jednotlivych schém
kontroly kvality ERNDIM postupne. Ucast v EQA bola
determinovana jednak pristrojovym vybavenim, jed-
nak kvalifikovanym persondlnym obsadenim pracoviska,
ktoré umoznovali vykonavanie jednotlivych naroénych
biochemicko-genetickych vySetreni. V roku 1998 sa
CDMP zapojilo do prvych troch kvantitativnych schém:
aminokyseliny, Specidlne analyzy v sére a v moci. V roku
2001 sa laboratorium zaradilo medzi prvych ucastnikov
kvalitativnej schémy DPT poskytovanej prazskym centrom
ERNDIM. Podmienkou participacie bolo vykonavanie
spektra analyz umoznujucich detekciu poruch metabolizmu
aminokyselin, organickych kyselin, mukopolysacharidov
a oligosacharidov, purinov a pyrimidinov. Pocas prvych
rokov muselo pracovisko vyuzit v pripade organickych
kyselin mozZnost vykonania tychto vySetreni vo vybra-
nych vzorkach v tzv. ,cluster® laboratoriu. Stanovenie
pyrimidinov a purinov poskytuje az doteraz pre CDMP
v Bratislave zahrani¢né ,cluster® laboratorium, kedze
na Slovensku tieto Specialne vySetrenia nie su stale
dostupné. V roku 2004 sa Centrum zapojilo do dalsej
kvantitativnej schémy organické kyseliny, ¢o zaroven
vyrazne zjednodusilo schému DPT.

Od roku 2004 je teda CDMP iucastnikom 4 kvantita-
tivnych schém ERNDIM. V prvom S§tvrtroku obdrzi od
poskytovatela kazdej schémy 8 (4 pary) lyofilizovanych
vzoriek séra alebo mocu. Ide v skutocnosti o vzorky
pripravené z poolovanych dialyzovanych biologickych
materialov s pridavkami stanovovanych metabolitov.
Analyzy sa v kazdej schéme vykonavaju mesaCne od
aprila do decembra s prestavkou v auguste. Laboratorium
zadava vysledky na webovu stranku poskytovatela podla
prilozeného kalendara, pricom mozZnost odoslania vysled-
kov sa kon¢i o polnoci prislusného ,deadline“ datumu.
Dosiahnuté vysledky v jednotlivych schémach je mozné hod-
notit v CDMP ako velmi dobré. Pre ilustraciu uvadzame,
Ze pozadovana uspokojiva vykonnost bola v roku 2008
priznana vSetkym hodnotenym Specialnym analyzam, t.j.
4 metabolitom v sére a 6 metabolitom v moci, dalej 21
aminokyselindm zo spektra 25 hodnotenych a taktiez 17
organickym kyselinam v profile 18 hodnotenych.

Poskytovatel kvalitativnej DPT schémy pre CDMP
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(ERNDIM DPT Centrum Praha) posiela v priebehu marca
6 prirodzenych tepelne opracovanych a konzervovanych
vzoriek mocu od autentickych pacientov. Jedna z nich
je vzdy tzv. ,common sample“ rozosielana do vSetkych
laboratorii participujucich v DPT. Medzi vzorky byvaju
nahodne zaradené aj moce ziskané od pacientov bez
dedi¢nej metabolickej poruchy a naopak, ktorykolvek
z pacientov moze byt postihnuty aj viac ako jednou DMP.
Cielom je imitovat v maximalnom moznom rozsahu
rutinna pracu biochemicko-genetického diagnostického
pracoviska. Laboratérium dostane pri kazdom pacientovi
zakladné informacie o klinickom naleze a o jeho liecCbe,
ak je podavana. Do kontrolnej schémy je v laboratériu
zapojeny cely tim pracovnikov - analytici, laboranti,
lekari. Najprv sa indikuju relevantné vySetrenia, po ich
vykonani nasleduje vyhodnotenie veduce k stanoveniu
diagnozy konkrétnej DMP a k odporucaniam o dalSich
vySetreniach, eventualne lieCbe a manaZzmente pacienta.
Kontrolna schéma je rozdelena do 2 cyklov, pricom na
diagnostiku 3 pacientskych vzoriek su vyClenené presne
3 tyzdne. Prilozeny protokol pre kazdého pacienta sa
vyplia v angliétine v rozsahu cca 2-3 stran formatu
A4 a t.¢. sa zasiela poskytovatelovi prostrednictvom
e-mailu, vynimoc¢ne faxom. Od roku 2010 sa budu udaje
zadavat cez web. VSetky DPT centra maju jednotny
skorovaci systém, ktory umoznuje porovnavat vysledky
EQA jednotlivych zucastnenych laboratorii. Pri kazdej
vzorke sa hodnotia 3 kritéria. Je to analytickd vykonnost:
uspokojiva - 2 body pre korektny vyber a spravne vysled-
ky vySetreni, 1 bod - Ciastoéne spravne vysledky a ich
vyber, 0 bodov - nespravny vyber a nespravne nalezy;
interpretacnd schopnost: 2 body - za spravnu diagnozu,
1bod - uzitoény, ale neuplny diagnosticky zaver, 0 bodov
- nespravne urcena diagnoza, prehliadnuta DMP alebo
diagnoza urcena u pacienta bez DMP; odporiicania pre
dalsie vysetrenia: 1 bod - spravne indikované vySetrenia,
0 bodov - nespravne alebo zbytocné analyzy. Body za
jednotlivé vzorky a sucet bodov za cely rok sa vyjadruje
aj v percentach vychadzajucich z maximalneho mozného
poctu dosiahnutych bodov. Wsledky dosiahnuté v CDMP
sut vynikajiice. V 47 hodnotenych vzorkach pracovisko
neprehliadlo ziadnu diagnozu, drviva vaéSinu DMP
identifikovalo spravne. Ciastoéne spravne (identifikacia
spravnej skupiny DMP) stanovilo 5 diagnéz a to v do-
sledku nedostato¢ného pristrojového vybavenia. S tymto
deficitom suviseli aj parcidlne spravne vysledky analyz
v prislusnych vzorkach. Odporucania boli korektné
a Specifické pre vsSetkych pacientov. Vysledky CDMP
a ich porovnanie s priemernymi vysledkami vSetkych
zucastnenych laboratorii (pocet pracovisk z vyspelych
i menej rozvinutych krajin sa pohyboval od 18 do 22)
su prehladne uvedené v tabulke 2.




Tab. 2. Vzorky vysetrené v schéme ERNDIM DPT Praha
v rokoch 2001-2008, porovnanie priemernych vysledkov
dosiahnutych vsetkymi zucastnenymi laboratoriami
s vysledkami CDMP Bratislava

Vzor- . . Priemer | CDMP
Rok ka Diagnoza ) %)
2001 | A |o-manozidoza 74 100
B 3-Hyflfoxy-3-metylglutarové 87 100
aciduria
Heterozygot pre deficit
C OTC! 79 100
D | Cystinuria 89 100
G | Metylmalonova aciduria 87 100
2002 | A |Deficit MCAD? 74 80
Mukopolysacharidoza
B typ VII 69 100
C | Tyrozinémia typ I 90 100
D | Pyroglutamova aciduria 93 100
E |Argininjantarova aciduria 72 100
F | Deficit biotinidazy 69 100
_p S i
2003 A Deficit HPRT? (Lesch 7 100
Nyhan)
B | Citrulinémia 93 100
C »~Normalna ,vzcirka 73 80
(,na valproate®)
D | Deficit fumarazy 91 100
E |Izovalerova aciduria 98 100
F |Sialidéza 71 100
2004 | A |Alkaptonuria 99 100
B D(?flClt adenylosukcinat- 78 100
lyazy
C |Homocystinuria 95 100
D | Glutarova aciduria typ | 98 100
E Mukopolysacharidoza 37 60
typ III
F | Mevalonova aciduria 78 100
2005| A |Canavanova choroba 92 100
Laktatova aciduria
B (mitoch. och.%) 89 100
C | Fenylketonuria 99 100
D Mukopolysacharidoza 75 100
typ 11
E |Propionova aciduria 98 100
F |Tyrozinémia typ Il 93 100
2006 | A |Aspartylglukozaminuria 64 100
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,Normalna vzorka“

B (ketonuria) 80 100

C |Tyrozinémia typ I 98 100
Deficit molybdénového

D kofaktoru 33 100

E D-g-l}yfiroxyglutarova 91 80
aciduaria

F | Hypofosfatazia 73 100

2007 A Mukopolysacharidoza 34 100

typ VI

B | Cystinuria 100 100

C | Argininjantarova aciduria 79 100
Deficit adeninfosforibozyl-
transferazy

D Mukopolysacharidoza >0 70
typ IV
Heterozygot pre deficit

E OTC! 81 100

F | Hyperlyzinémia 85 100

2008 | A |4-Hydroxybutyrova aciduria 81 100

B ,Normalna YZ(‘)‘rka 86 100
(,na valproate®)

C Df:f1c1t adenylosukcinat- 54 100
lyazy

D |Leucindza 100 100
Hawkinzinuria 64 100

F Mukopolysacharidoza 74 100
typ III

Vysvetlivky: ' - ornitintranskarbamylaza, 2 - acyl-

CoA-dehydrogenaza mastnych kyselin so strednym
retazcom, - hypoxantin-guaninfosforibozyltransferaza,
4 - mitochondriové ochorenie

ZAVER

Pocas 15 rokov svojej existencie naplnil ERNDIM
svoj povodny ciel a v sucasnosti je povazZovany za
synonymum EQA biochemicko-genetickej diagnostiky
v Eurépe (3). Poskytovanie mimoriadne naro¢nych bi-
ochemickych analyz a expertnych zaverov laboratoriom
pre diagnostiku a monitorovanie dedi¢nych metabolickych
poruch bez v sucasnosti dobre dostupného externého
hodnotenia kvality mdze viest k poskodeniu zdravia az
k ohrozeniu Zivota vySetrovanych pacientov. Dlhodoba
ucast CDMP v 5 kontrolnych schémach ERNDIM po-
tvrdila vysoku kvalitu vSetkych sluzieb poskytovanych
laboratoriom. Naviac, uzka komunikacia pracovnikov
CDMP so zahraniénymi odbornikmi viedla aj vdaka
ERNDIM k vyraznej snahe o roz§irenie a dalSie zlepSenie
biochemickej diagnostiky DMP na Slovensku.
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ABSTRACT

New facts have recently enhanced interest in the
topic of reference intervals. In particular, the Inter-
national Organization for Standardization standard
15189, requesting that “biological reference intervals
shall be periodically reviewed”, and the directive of the
European Union on in vitro diagnostic medical devices
asking manufacturers to provide detailed information
on reference intervals, have renewed interest in the
subject. This review presents an update on the topic,
discussing the theoretical aspects and the most critical
issues. The basic approach to the definition of refer-
ence intervals proposed in the original International
Federation of Clinical Chemistry documents still remain
valid. The use of data mining to obtain reference data
from existing databases has severe limitations. New
statistical approaches to discard outliers and to com-
pute reference limits have been recommended. On the
other hand, perspectives opened by the improvement
in standardization through the implementation of the
concept of traceability suggest new models to define
“common” reference intervals that can be transferred
and adopted by different clinical laboratories in order
to decrease the proliferation of different reference in-
tervals not always justified by differences in population
characteristics or in analytical methodology.

Ann Clin Biochem 2009; 46: 8—17. DOI: 10.1258/
acb.2008.008170

INTRODUCTION

The concept of “reference intervals” as known today
was developed by Griasbeck and Saris in the late sixties
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and presented at a congress of the Scandinavian Society
in 1969." Previously, reference intervals were usually
named “normal values” or “normal ranges” without
a clear definition of the term. Twenty years later, the
International Federation of Clinical Chemistry (IFCC)
expert panel published the first official IFCC document
on the theory of reference values.?

Someone could ask why we are still talking about
reference intervals in the era of evidence-based medicine,
characterized by the use of decision limits, more than
30 years after the publication by Galen and Gambino
of the landmark book “Beyond normality”.® There are
several reasons for reconsidering this “old-fashioned”
argument. The most important one is that, while the
theory is clearly defined, there is a big gap in its ap-
plication in everyday life. Moreover, three new facts are
driving renewed interest to the topic: the publication of
the International Organization for Standardization (ISO)
standard 15189: 2007 on requirements for quality and
competence of clinical laboratories,* the implementation
of the European Directive 98/79 on in vitro diagnostic
(IVD) medical devices® and, indirectly related to the
Directive, the creation of the Joint Committee for Trace-
ability in Laboratory Medicine (JCTLM).®

The first document* states in clause 5.5.5 that “bio-
logical reference intervals shall be periodically reviewed”
and, particularly, requires that they shall be verified
every time a variation in analytical and/or preanalytical
procedures takes place. It is difficult for laboratories to
comply with this requirement, considering the enormous
number of different types of tests and the very rapid
evolution of the analytical technology. The issue is not
easy for manufacturers either: the IVD Directive requires
in Annex I “Essential requirements”, part B, 8.7, state-
ment 1, to include in the information supplied by the
manufacturer “the reference intervals for the quantities
being determined, including a description of the appro-
priate reference population”.®> The third and probably
most relevant element is the general requirement of the
IVD Directive that for each method “the traceability of
values assigned to calibrators and/or control materials
must be assured through available reference measure-
ment procedures and/or available reference materials of
a higher order”.’ This element, improving the method”s
comparability with other traceable methods, could sub-
stantially modify the situation by allowing an easier and
more correct definition of reference intervals.

In this review, after an update of the theory underlining
the critical aspects, the new perspectives and developments
in the field of reference intervals are presented.

THE THEORY OF REFERENCE VALUES

Reference values evolved with laboratory tests. They
do not have a meaning per se but only if referred to
in a particular context, usually a physiological situa-
tion. Until the 1970s, before Griasbeck’s publications

39



and the work of the IFCC expert panel, the term
“normal values” was usually used. The use of the term
“normal” has, however, been discouraged, because it
can assume different meanings: Murphy listed seven
of them (statistical — Gaussian distribution — most
representative of a class, most commonly present in a
class, most suited for survival, that does not harm —
in medicine — conventional, ideal).” Thus, it may be
subjective and ambiguous; moreover, it implies that
everything outside the reference range is “abnormal”,
however, due to the way it is calculated, this is not
true. For these reasons, the IFCC document introduced
the term “reference values”.? Usually these values are
health-associated, but they can also reflect specific physi-
ological conditions like pregnancy, or refer to specific
population groups, such as professional athletes. The
basic concept is that the values represent a specific
population and thus they rely upon the choice of the
subjects on which they were obtained. First of all, the
criteria for the selection of reference individuals have
to be clearly defined; those individuals represent the
reference population from which a reference sample
group is selected, on which the reference values are
measured. The obtained values will assume a certain
distribution (reference distribution) and, by analysing
it with appropriate statistical methods, reference limits
can be calculated. Conventionally, these limits are set
to include 95 % of the measured values. The reference
interval is defined by the reference limits and includes
them. This has a series of consequences:

(1) The reference interval of a specific measurand depends
upon the intra- and inter-individual biological variabili-
ty of the sample group of the reference subjects; thus,
the numbers of selected subjects and their partition into
subgroups may gain relevant importance;

(2) The preanalytical aspects need to be strictly controlled
so as to be reproducible when collecting samples from
subjects of the general population;

(3) Analytical aspects are essential. The standardization of
the measurements allows comparison of data obtained
on different groups of subjects and eventually their ap-
plication to different populations in places and times
different from those where they were obtained;

(4) The method by which reference limits are calculated
may modify significantly the results obtained, e.g. if
inappropriate statistical models are applied or if the ex-
clusion of outliers is not correctly performed.

Selection of the reference subjects
This represents the starting point. Usually, we select

“healthy” individuals, but exactly what do we mean by

health? How can we define and recognize it? Several

commentaries have been written on this topic.®-' The

World Health Organization’s definition: “a state of

complete physical, mental and social wellbeing and not

merely absence of disease or infirmity”" cannot be a

realistic starting point. On the other hand, the concept

of health can differ between cultures and countries. In

1975, the Scandinavian Committee on Reference Values
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tried to define a list of pathological conditions to be
excluded to consider an individual “healthy”.”>? However,
when they tried to apply this recommendation it was
impractical,”® especially if aged subjects were involved.
When Horn and Pesce' looked at the third National
Health and Nutrition Examination Survey (NHANES
IIT), they found that no more than 10 % of the subjects
aged 70—80 fell into the “healthiest” category.

Consequently, a more pragmatic approach is needed
and health should be judged subjectively as the ab-
sence of signs of disease specifically related to the
measurand(s).® As clearly stated in the IFCC document,?
the first step should be the definition of the scope for
use of reference intervals and, secondly the definition
of the method used to select the reference individu-
als. The main pathological situations to be excluded
are reported in Section 3.3 of the IFCC document.”
This can be done through an anamnestic questionnaire
(an example of such a questionnaire is reported in
the document C28-A2 of the Clinical and Laboratory
Standards Institute (CLSI),'® a physical examination
and further investigations (e.g. laboratory tests, imaging
studies). The excluded subjects will depend, of course,
on the particular analyte evaluated. For example, to
determine a reference interval for haemoglobin or
related haematological analytes, it would be wise to
exclude subjects with iron deficiency, marked vitamin
B12 or folic acid deficiency, inflammation or chronic
respiratory disease, tumours, genetic abnormalities of
haemoglobin synthesis, etc., as all these factors influ-
ence haemoglobin synthesis.

When selecting individuals, it is necessary to take
into account all variables that can affect the concentra-
tion of the analyte: gender, age, environment, lifestyle,
ethnicity, etc. In the example of haemoglobin in addi-
tion to gender and age, stratification according to the
altitude of living and smoking habits is also important.
All these biological aspects can be used as partition-
ing criteria. In general, to determine and consider
which factors may be of importance a comprehensive
knowledge of physiology (in addition to pathology) is
required. As already stated, the width of the reference
interval is influenced by three sources of variability: the
intra- and inter-individual biological variability of the
selected reference individuals and analytical variability
of the measurement system. Analytical variability, with
the exception of analytes showing very low biological
variation, such as electrolytes, usually has minimal influ-
ence on reference intervals. Effects of intra- and inter-
individual variabilities are inextricably bound together.
The relative sizes of these two sources of variability can
substantially affect the utility of a reference interval
as a tool for interpreting an individual result. Harris
demonstrated in 1974 that only if the intra-individual
coefficient of variation (CV)) is substantially larger than
the inter-individual one (CV,) will the distribution of
the results in a single individual span the entire range
of the reference interval, so that the reference interval




can be a useful tool to evaluate his state of health.”
Unfortunately, this is a relatively uncommon situation;
usually the CV| is smaller than CV_ and the range of
values of an individual span only a limited part of the
distribution of the values of the reference population.
Consequently, in the majority of cases the reference
interval is of limited utility in evaluating the results
of a single subject and its sensitivity in finding that
abnormal data is low. Harris demonstrated that only if
the CV /CV,, ratio (index of individuality) is > 1.4 will
the reference interval be a sensitive and useful tool,
whereas if the ratio is <0.6 the utility of the reference
interval is low.18 In this case, the only way to improve
the utility of a reference interval is to increase the
ratio and, provided that the CV, cannot be modified,
the only possible intervention is to reduce the CV,
by stratifying the individuals into more homogeneous
subgroups.!$-20

A priori vs. a posteriori selection

Two factors essentially drive the choice whether to
decide in advance which individuals to select and how
to partition them (a priori criterion) or whether to col-
lect a relevant number of subjects, analyse them and
decide thereafter which are to be kept in the reference
population and how to partition them (a posteriori cri-
terion): first, knowledge of the biology of the analyte
and secondly the available resources.

If the biology of the analyte is well known, the a priori
approach is the most convenient one. This approach
is recommended in the IFCC document on selection
of individuals.'® The same document however does not
explicitly exclude the possibility of utilizing the existing
data, primarily not collected for the scope of defining
reference intervals, quoting Martin et al.!

Indirect reference values

The use of existing databases containing thousands
or even millions of patients’ records is an exciting op-
portunity, recently exploited by several authors.?>=** With
appropriate software, it is an inexpensive and relatively
rapid procedure. This approach must not be confused
with the a posteriori approach, unless the database also
contains detailed clinical information. The first papers
using this approach were published in the 1960s%" 32 and
were based on the postulate that the majority of labo-
ratory results are “normal”. Considering the frequency
distribution of results, it should be possible to apply
some statistical procedures to eliminate the extremes
of the distribution curve, so excluding the less frequent
results, typical of “unhealthy” subjects. However, care
has to be taken as several relevant limitations may have
a negative influence on this approach. First, it does
not fulfil the fundamental principle of the theory of
reference values, which is the careful definition of the
characteristic of the reference population.** With this
approach we know almost nothing about the subjects
we are using. Usually, the applied statistical calculation
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is based on a presumed distribution of the results of
the studied population, but in some cases the assumed
distribution of data may not be correct. For instance,
in the case of a skewed distribution the statistical
models usually fail.** Furthermore, there is little or no
control over preanalytical variables. Finally, it is very
difficult to provide any demonstration of the metrologi-
cal traceability of the obtained results; consequently,
the observed intervals might be applicable only in the
laboratory which produced them and cannot be adopted
for use elsewhere.’® In conclusion, even if information
technology provides us with a powerful means of cal-
culation, the data mining approach cannot be endorsed
as the best way of defining reference intervals. Only if
the original data are obtained with carefully controlled
methodology, the laboratory is able to provide traceable
results and reliable clinical data are available can this
approach be adopted. In the majority of cases, it can
only represent a means to confirm and validate the
findings obtained with the more scientifically sound a
priori selection.

Preanalytical aspects

The samples for reference interval studies must be
collected under conditions representative of those used
in clinical practice.?® Unfortunately, in clinical practice
the preanalytical phase is usually poorly standardized.
For this reason, when performing a reference interval
study it is essential to accurately define and describe the
preanalytical conditions to allow others to reproduce the
same situation and to understand the effects of certain
factors (e.g. the collection device or the posture of the
individual). Table 1 shows the most important preanalyti-
cal conditions to be taken into account when a blood
analyte is evaluated. For body fluids other than blood
it may be necessary to include different factors, while,
for specific analytes, more information may be needed
(e.g. emotional stress level for certain hormones).

Analytical aspects

This aspect is neglected in many publications on
reference intervals. The IFCC document dealing specifi-
cally with this topic gave a series of recommendations
for documenting the operating procedures, focusing on
how internal quality control should be practiced during
production and application of reference values.’” These
recommendations are, however, useful if the defined
reference intervals are to be applied only within the
laboratory who defined them, because it allows the
baseline conditions to be properly fixed and then to
understand whether the modification of certain analyti-
cal aspects may change the reference intervals. On the
contrary, the recommended approach is not very effective
in providing procedures which define reference intervals
that are “transferable” to different laboratories.

In 1991, the concepts of reference measurement
systems and of the implementation of metrological
traceability (defined as a “property of a measurement
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Table 1. Main preanalytical factors to be considered
in the production of reference values

Methodological factors

Subject - -
preparation Specimen Specimen
collection handling
Fasti . . .
asting .VS Time of day Transportation
non-fasting

With or without Time before

Drug regimen

tourniquet centrifugation
Physical Body posture Centrifugation time
activity during phlebotomy and speed
Type of Storage conditions
anticoagulant before measurement
Sampling
equipment

Freedom from
haemolysis

result relating the result to a stated metrological refer-
ence through an unbroken chain of calibrations of a
measuring system or comparisons, each contributing
to the stated measurement uncertainty”*®) were still in
an embryonic state. Although reference measurement
procedures were already available for some common
analytes and the concept of method hierarchy had
been introduced more than 10 years ago,’ systematic
application of these concepts was lacking. Only some
years later, was the concept of reference measurement
systems formalized, based on implementation of refer-
ence measurement procedures, preparation of reference
materials and identification of reference measurement
laboratories.*® The reference measurement system rep-
resents a truenessbased approach in which different
commercial methods that provide results traceable to
the system are able to produce comparable results in
clinical laboratories using these assays. ISO has produced
two standards on this concept: ISO 17511: 2003* and
ISO 18153: 2003.#

Only reference intervals obtained with analytical
procedures producing results traceable to the same
reference measurement system should be transferred
between laboratories (see “common reference intervals”
section).

Calculation of reference limits

This issue has been of most concern to authors
dealing with reference values. There are three main
problems: (i) the statistical methodology that provides
the most effective way to extrapolate the results obtained
on a sample population to the whole population itself;
(ii) the partitioning of results among different groups
(age, gender, etc.); (iii) the detection and discarding of
outliers. Here, we give a brief outline of these aspects,
referring the readers to more details from two excel-
lent textbooks: Statistical Bases of Reference Values in
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Laboratory Medicine by Harris and Boyd* and Reference
Intervals. A User’s Guide by Horn and Pesce.*

Statistical methods

Harris and Boyd* refer to the approach by Wootton
et al® who in 1951 applied parametric statistics for
the first time to the calculation of reference intervals.
However, these authors soon realized that this statistical
model was only applicable in a minority of situations
and, two years later; they proposed logarithmic transfor-
mation of data to achieve a Gaussian-like distribution.*¢
However, the incorrect practice of defining the reference
interval as the mean *2SDs, without any preliminary
verification of the shape of the distribution of the data,
has unfortunately continued for many years and is still
sometimes used today.

Several publications on the use of fractiles for the
definition of reference intervals appeared in the 1970s
and 1980s,4-5° but the milestone is represented by an
IFCC publication in 1987.5" This document clearly
defined a number of elements that, even more than
20 years later, will remain valid. First, it promoted
the (arbitrary) choice of using the central 95 % of the
distribution for the reference interval calculation. If
we exclude a few different opinions, such as that of
Jorgensen et al’? who proposed widening the inter-
val to include 99.8 % of the observed data to reduce
false-positives in cases where a large battery of tests
is requested, this approach is still widely accepted to-
day. Secondly, the IFCC document recommended that
reference limits should always be presented together
with their 90 % CIs. The width of the CIs decreases
with the increase in the number of evaluated subjects
and represents a reliable indicator of the uncertainty
of the reference limits. Again, the document recom-
mended the use of a nonparametric statistical method
to calculate the reference limits. Even if parametric
methods are theoretically more reliable, particularly if
the sample of subjects is small, the uncertainty on the
real “Gaussianity” of the original distribution (or after
its transformation) increases the uncertainty of the final
estimate. A proposal for a simple and effective way to
calculate reference limits was also included. This method
is based on the calculation of the 0.025 and 0.975
fractiles. The a fractile cannot be calculated unless a
is above 1/N, where N is the sample size. Thus, the
determination of 0.025 and 0.975 fractiles requires at
least 40 values (a=1/40=0.025). However, with only 40
subjects, the minimum and maximum values represent
the lower and the upper limit of the reference interval
and it is therefore impossible to estimate their Cls.
To calculate the uncertainty around the limits at least
120 subjects are needed: in this case, when the data
are arranged in increasing order, the 2.5th centile is
the third value in the series and the 97.5th centile is
the 118th, while the 90 % CI for the lower limit spans
from the first to the seventh value and that for the
upper limit spans from the 114th to the 120th value.




The IFCC recommendation to use a minimum of 120
individuals per class derives from these considerations.
Theoretically, this approach should be easy to apply, but
the relatively high number of individuals to be enrolled
may create practical difficulties, e.g. for paediatric
populations, for expensive tests or for analytes with
age and gender dependence that require partitioning
among different classes. The number of subjects can
be reduced by using parametric statistics, but require
the data to have a Gaussian distribution. As an alterna-
tive, Horn er al.>* > proposed a “robust method” based
on the transformation of the original data according
to Box and Cox,> followed by a relatively complex
algorithm, based on robust indicators, able to provide
correct answers even for less-than-ideal situations. This
“robust” algorithm gives different weights to the data,
depending upon their distance from the mean. The use
of this approach should allow estimation of correct
reference limits with samples of only 20 subjects. To
calculate the 90 % CIs around the limits, it is possible
to use the so-called “bootstrap” methodology. With
this methodology, observations are “resampled”, with
replacement, from the data, creating a “pseudosample”.
From each pseudosample the reference interval is de-
rived. This process is repeated a large number of times
(1000-2000), yielding a distribution of upper and lower
reference limits. From this distribution, the 5th and the
95th quantiles may be used to determine the 90% CI
for each limit. A critical drawback of this approach is
that the 90 % CIs can be very wide if the sample size
is small (at least 80 individuals are needed to obtain
acceptably small 90 % ClIs). Regression analysis has been
proposed as an alternative technique to deal with small
sample sizes and has been applied to the determination
of age-dependent reference intervals.>¢—5¢

Partitioning criteria

As discussed in the section on the selection of refer-
ence subjects, the decision of whether or not to separate
different groups is extremely important and several
statistical methodologies have been proposed to achieve
this. An intuitive approach is based on the calculation
of the statistical significance of the difference between
the mean values of two subclasses. This approach can
lead to the identification of different subclasses, even
for very small differences that are indeed statistically
significant although clinically irrelevant, especially
when the number of subjects per class is high. Sinton
et al.> suggested two classes should be separated only
if the difference between the respective means is greater
than 1/4 of the interval calculated from 95% of the
individuals of the combined distribution. This criterion
was originally proposed for specific analytes (i.e. cal-
cium, inorganic phosphate and alkaline phosphatase),
but did not allow adequate separation when applied to
other analytes.®®

The most popular partitioning method was proposed
by Harris and Boyd** ' and subsequently endorsed by the
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CLSI document C28-A2.'° In their studies, the authors
first considered the idea that partitioning should lead
to reduced inter-individual variability in the subgroups
compared with that of the entire data group. However,
they found that a worthwhile reduction in inter-individual
variation was hard to achieve, even with large differences
between subgroup means. Therefore, they abandoned
the goal of inter-individual variability reduction as the
basis for establishing partitioning criteria and focused on
the proportions of the subgroups outside the reference
limits of the entire population and suggested that “the
problem of whether or not to compute separate pairs of
95 % reference limits for subgroups of the population may
be reduced to the question: Does a single pair of limits,
derived from a combined sample of subpopulations, come
close enough to satisfying this criterion of 2.5 % below
and 2.5 % above for each subpopulation?”.®! The problem
is in deciding at which level to set the acceptability
limit. Harris and Boyd proposed that if the percentage
is higher than 4% or lower than 1%, it is necessary to
define different reference limits. This criterion appears
valid because it considers not only the means but also
the standard deviations of the subgroups, as a different
standard deviation by itself may produce different refer-
ence limits. Their proposed test consists of two steps:
first, evaluation of the difference between the means
and secondly, comparison of their standard deviations.
Further details and practical examples may be found in
the CLSI C28-A2 document.® However, this approach
works well only with Gaussian distributions and with
subclasses of similar size and standard deviation.®

To overcome these limitations Lahti er al.®*~%* have
proposed a method based on similar concepts, but allowing
the estimation specifically of the percentage of subjects
in a subclass outside the reference intervals of the entire
population in any situation. Following the criteria based
on biological variability presented by Gowans et al.® they
proposed the creation of a subclass when more than 4.1 %
or less than 0.9% of the subjects of the subgroup fall
outside the limits of the entire group. If the percentage
is <3.2% or >1.8 %, they suggest combining the groups.
For intermediate (marginal) situations, the choice to
combine or not should be based on clinical criteria.

Detection of outliers

Whatever the method used for the calculation of the
reference interval, the presence of outliers can signifi-
cantly modify the limits, even if complex mathematical
and statistical methods are applied.’> > Thus, correct
detection and exclusion of outliers is important. A
simple but effective method to detect outliers is visual
inspection of the distribution of the data. If an outlier is
detected and if there are no obvious reasons to discard
it (such as conditions of the subject, analytical problems,
calculation or transcription errors), it is useful to apply
statistical methods to justify its exclusion.

The most popular statistical method is the one
proposed by Dixon,*® which is based on the D/R ra-
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tio, where D is the absolute value of the difference
between the outlier and the next or preceding value
and R represents the entire range of the observations
(maximum — minimum), outlier included. According to
Reed ef al.*’ the CLSI C28-A2 document proposes one-
third as the limit for this ratio. The test is, however,
not very sensitive; in particular, when there is more
than one outlier, the presence of a less extreme outlier
may mask the other(s). In this case, the suggestion is
to first evaluate a less extreme suspected outlier and,
if the test identifies it as a true outlier, also discard
the second more extreme outlier. Horn et al® have
proposed a more sophisticated two-step algorithm in
which the data are first transformed using the Box
and Cox method,” to obtain a Gaussian distribution,
then the outlier identified using the Tukey robust ap-
proach.®® This method identifies the extremes using the
central 50% of the distribution, thus eliminating the
confounding effects of more outliers and involves the
computation of lower and upper quartiles (25th and
75th percentiles) of the transformed data (Q, and Q,)
from which the interquartile range (IQR) (Q,-Q)) is
calculated. Finally, the lower and upper “fences” are
computed: the lower fence as Q -1.5xIQR and the
upper fence as Q3+ 1.5xIQR. Any data point outside
the fences is considered an outlier and discarded.

CURRENT SITUATION AND
FUTURE DEVELOPMENTS

In 1960, Schneider wrote that “... practical medicine
is basically founded on comparison. If medicine is to be
scientific, we must not only understand the structural,
functional and chemical relations operating in indi-
viduals, but we must also understand the bases of our
comparisons”.® From all the issues discussed above, we
could conclude that the target that Schneider drew in
his publication has been reached. Unfortunately, while
the theory is well-defined, its practical application in
the everyday life of most clinical laboratories is far
from optimal. Laboratories often use different reference
intervals without any valid reason, such as variations in
analytical methodology or population served. A typical
example of the situation can be derived from a survey on
the reference intervals used in Italy in 2005 for alanine
aminotransferase.” In 93 laboratories, all claiming to
use the IFCC procedure with pyridoxal phosphate ad-
dition (even though on different analytical platforms),
the upper reference limit for adult males spanned from
40 U/L to 72U/L, while the lower limit ranged from 0
U/L to 30U/L. This was partly related to differences
in reference intervals suggested by the manufacturers
in their package inserts, although not every laboratory
adopted manufacturers” values. This common situation
is dangerous and misleading both for clinicians and
patients (the same analytical result can be considered
“normal” in one laboratory and “abnormal” in another,
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according to the reference interval in use). Moreover,
it hampers the creation of common databases, i.e. the
combination of data from different laboratories.

The reasons for these differences are multifacto-
rial; possible reasons are adoption of literature data or
manufacturers” values without any critical appraisal, e. g.
changes in analytical methodologies are not accompanied
by corresponding changes in reference intervals. Estab-
lishing reference intervals based on the laboratory”s
own served population is a very costly and demanding
process, requiring recruitment of appropriate reference
individuals. Laboratories have easy access to pathological
samples but rarely to samples from apparently healthy
subjects. For certain types of samples, e.g. from paediat-
ric subjects, access to healthy individuals is particularly
difficult since ethical issues may prevent phlebotomy
simply for establishing reference intervals. Furthermore,
it is very time-consuming to establish reference intervals
for all analytes and to repeat the work for any change
in methods or analytical systems.

A possible alternative to overcome this situation
is the development and implementation of “common”
reference intervals.

Common reference intervals

The basis for adopting common reference intervals
are simple: if analytical methods are the same or yield
comparable results because they are correctly standard-
ized, and the population has the same characteristics
or, alternatively, it is known that the specific analyte
is not influenced by ethnicity or environment, the
same, i.e. common reference intervals can be used.
Unfortunately, the practical application of this simple
concept is not as easy as it would appear. A number
of prerequisites, summarized in Table 2, will need to
be in place before adopting it.

Establishing common reference intervals
Assuming that, for a given analyte, a reference mea-

surement system exists, the most demanding task for

producing common reference intervals which can be
adopted by any clinical laboratory that operates under
similar preanalytical and analytical conditions are the
definition of an adequate set of reference values. This
should include subjects from different ethnic groups
and from various environments in order to document
whether clinically significant differences exist, which
would prevent the use of common reference intervals.

The best way to obtain this information is to conduct

a multicentre study, involving clinical laboratories in

different regions or countries. This approach has been

pursued in Spain’"-"° and further developed in the Nordic
countries.”®3° In particular, it requires:

* An a priori selection of reference individuals according
to well-defined criteria, as specified before. The number
of participating centres and enrolled individuals should
be determined according to the number of subjects requ-
ired for partitioning by age, gender, race, lifestyle, etc.




Table 2.

Necessary pre-requisites for production and
use of common reference intervals

Responsibility for

Categor Pre-requisite R .
gory quist implementation
Existence of a reference | IFCC, JCTLM,
Analytical | measurement system national metro-
(trueness-based) logical institutes
Existence of traceable
. Manufacturers
routine methods
Correct implementation ..
p. .. ' Clinical
of methods in clinical .
. laboratories
laboratories
Control of th i - ..
ontro 0. © periotman- | i ical labo-
ce of routine methods to ratories, EQAS
keep them within stated L
.. . organizers
limits for uncertainty
Accurate definition of Joint effort
reference intervals, pro- between IFCC,
Clinical | viding information on the | manufacturers
influence of biological and clinical
and environmental factors | laboratories
Comparable preanalytical | Clinical
phase laboratories
Validation of applicability
of common reference in- | Clinical
tervals to the laboratory”s | laboratories
own population
Adoption of common Clinical
reference intervals laboratories

IFCC, International Federation of Clinical Chemistry;

JCTLM, Joint Committee on Traceability in Laboratory
Medicine; EQAS, External Quality Assessment Scheme

To obtain sufficiently narrow Cls for the reference li-
mits, the optimal number of individuals within each gro-
up should be around 500,”® the minimal sample size to
allow for non-parametric calculation of the confidence
limits being 120. The criteria for partitioning should be
according to Lahti er al.;%*-%

A clear definition of the preanalytical phase. Ideally, to
reproduce sample handling within clinical laboratories,
the analyses should be performed on fresh samples.
However, to reduce analytical variability it is usual to
freeze the samples and analyse them in a single or mi-
nimum number of batches. This approach is only ac-
ceptable if it has been demonstrated that freezing does
not affect the analyte. If sample stability is confirmed,
storage of additional aliquots for further use is highly
recommended;

The use of methods providing results traceable to the
reference measurement system and high interlaboratory
comparability. Traceability to the reference measure-
ment system must be verified through the use of two
or more commutable materials (e.g. frozen pools) with
values assigned by the reference measurement procedu-
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re, possibly by a number of reference laboratories. The
interlaboratory comparability must be checked using
common quality control materials. An internal quality
control programme must be implemented in each parti-
cipating laboratory with clearly defined a priori criteria,
for acceptance or rejection of each analytical run;

¢ Proper data analysis for the calculation of reference li-
mits. The data from the different centres must be compa-
red to identify the presence of any analytical bias (from
the quality control data) or atypical distribution of the
reference values. Finally, before calculating reference li-
mits, possible outliers must be detected and eliminated.

Adopting common reference intervals

In order to be able to apply common reference
intervals, a clinical laboratory has to verify the similar-
ity of the preanalytical conditions to those adopted in
the production of the intervals, the performance of the
analytical system employed, and the characteristics of
the population served.

Preanalytical conditions

The reference intervals can only be used if the same
preanalytical conditions are applied (e. g. specimen type,
fasting subjects, etc.), or if it is possible to demonstrate
that any introduced modification has no significant
effect, e.g. demonstrated equivalence between results
obtained with heparin plasma and serum samples, analyte
concentrations are not modified by meals, etc.

Analytical aspects

(1) The method in use must produce results traceable to the
reference measurement system for that specific analy-
te. For European countries, if the analytical system is
“CE-marked” it should be used according to the ma-
nufacturer”s specifications. However, even though the
European Directive on IVD medical devices® stipulates
traceability as an essential requisite, a number of routine
analytical systems may still be significantly biased when
compared with the internationally accepted reference
systems, as was recently demonstrated for the measure-
ment of some enzymes.®!

(2) The analytical quality of the method in use should be
controlled in order to keep its total error within stated
limits. Targets for allowable total error can be derived
from the criteria related to biological variability.®> A list
of estimated within-subject and between-subject biologi-
cal variations and analytical quality specifications can
be found at Westgard”s website.®’ The magnitude of the
total error can be checked through participation in Ex-
ternal Quality Assessment Schemes (EQAS), provided
that the control samples are commutable and their tar-
get values are assigned by laboratories using reference
methods.

Characteristics of the population served by the laboratory
In a recent publication by Ichihara er al® large
between-city differences were demonstrated for several
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analytes in six Asian cities. If these results are confirmed
and the observed differences considered large enough
to merit separate reference intervals, the possibility
of adopting common reference intervals is reduced to
the analytes demonstrating no or low interpopulation
variability.®

In general, if race or life-style are known not to
influence reference intervals, it is sufficient to verify
the preanalytical and analytical aspects. If ethnicity or
lifestyle are known to influence reference intervals or
if no information is available, it is advisable that the
clinical laboratory validates them on a small sample
group derived from its own population, before their
adoption. This validation can be done according to the
CLSI document C28-A2, paragraph 8.2.!¢

The advice is to examine 20 individuals representing
the local apparently healthy population and satisfying
the selection criteria. After discarding outliers, if no
more than two of the 20 tested values fall outside
the common interval, it can be adopted. If three or
more values fall outside the common reference limits,
the experiment should be repeated with another 20
subjects. If no more than two of the 20 repeat values
fall outside the common interval, adopt the interval;
if three or more values again fall outside, it probably
means that the populations differ and a specific refer-
ence interval is needed, provided that all the preanalyti-
cal and analytical aspects are controlled. This type of
binomial test works well if the reference values have
a Gaussian-like distribution, but it is very insensitive
if the distribution is skewed. In the latter case, more
powerful statistical tests should be carried out, e.g.
the Kolmogorov-Smirnov test which compares the full
dataset from tested reference individuals with the 20
reference specimens for a given laboratory.

A further approach may be the calculation of refer-
ence intervals from the values of 20 subjects using a
robust statistical algorithm, like that proposed by Horn
et al’*3*to check whether the obtained experimental
limits are within the confidence limits of the common
reference limits.

Finally, an alternative approach could be the applica-
tion of one of the previously described statistical methods
for data mining to the laboratory”s stored data.’* 3! 32
The comparison of the reference limits obtained, with
those of the proposed common reference interval can
allow judgement of their applicability.

The approach described for adopting common ref-
erence intervals is not straightforward. Development
of reference measurement systems and compliance by
manufacturers with calibration traceability can be a
slow process.

Establishing robust reference intervals is time-
consuming and expensive. Clinical laboratories are
usually disinclined to modify reference intervals as this
is a demanding task, which also requires education of
clinicians and patients.

Large multicentre studies are needed for the correct
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definition of common reference intervals, at least for
certain analytes, in order to make real progress in this
field and bridge the large gap existing between sound
theory and poor practice.

Adoption of validated reference intervals

If all the previously defined organizational, preanalyti-
cal and analytical requirements are fulfilled not only can
reference intervals obtained experimentally in multicentre
studies be adopted as common reference intervals, but
also reference intervals defined by a single laboratory.
The IFCC Committee on Reference Intervals and Deci-
sion Limits (C-RIDL) has recently published a paper on
the validation of already published reference intervals
for creatinine in serum.’® Obviously, when adopting a
validated reference interval developed in a single centre,
the preliminary verification of the interval on the local
population acquires greater importance.

Reference intervals vs. decision limits

The main characteristics related to these two con-
cepts are reported in Table 3. Some confusion can arise
from the use of previously defined reference intervals
as decision limits in specific circumstances, e.g. in the
screening of blood donors, all subjects above the up-
per reference limit for alanine aminotransferase could
be excluded from donation. However, while reference
intervals describe the biological characteristics of a
well-defined (usually apparently healthy) population,
decision limits depend upon the diag nostic question
and are obtained from specific clinical studies in order
to define the probability for the presence of a certain
disease or for a different outcome. The decision limits
selected are usually based on the level of overlap of two

Table 3 Differences between reference intervals
and decision limits

Reference .. .
. Decision limits
intervals
Conditions e Type of e Clinical
influencing population question
them * Age group e Patient category
e Gender
Information Being or not being Patient eligible for
gathered part of the reference | a certain proce-
population dure (“treatment”)
Statistics 95 % central range ROC curves and

of the distribution
curve

predictive values

One or more,
according to the
likelihood of clini-
cal situation or
different clinical
questions ROC,
receiver-operating
characteristic

Data number | Two (lower and up-

per limits)




populations (diseased/non-diseased) and on the desired
degree of clinical sensitivity and specificity.

The scope of these limits, as defined by the word itself,
is to lead to decisions: individuals with values above or
below the decision limit should be treated differently.

Individual reference intervals

Although Harris® defined the theoretical basis and
the statistical methods for individual reference intervals
more than 30 years ago, their implementation represents
a challenge for the future. Today, the development of
information technology allows us to archive a huge
amount of data and to retrieve and process them
rapidly. On the other hand, implementation of trace-
ability concepts and the consequent improvement of
assay standardization will increase result stability and
comparability over time and location for many analytes.
These premises will permit transformation of theory
into practice. The experimental model is quite simple
and requires the collection of several samples from
the same individual during a period of stable health.
The results of measurements on these samples for a
given analyte will produce a temporal series, forming
a baseline against which future results will be judged.
A fundamental issue is the number of samples needed
to define the baseline value with acceptable approxima-
tion. This depends upon the biological variability of the
analyte, its analytical reproducibility and the applied
mathematical models.’” In clinical practice, this ap-
proach is already used in doping control programmes,
in which the baseline values of haematological param-
eters for athletes are recorded and individual reference
intervals calculated. This allows detection of the use
of illegal substances causing significant changes in the
individual”s haematological analytes.?s

CONCLUSIONS

Even though a large number of publications on the
topic of reference intervals already exist, it is clear that
much work is needed to reach an optimal situation.
In general, modifying the existing reference intervals
is always a delicate task, requiring a culture of com-
mitment to inform clinicians and their patients. The
definition of common reference intervals will hopefully
significantly reduce the number of different reference
intervals employed for the same analyte, providing the
clinician with more congruent and effective information.
Laboratorians need to increase their efforts in these
areas, trying to overcome the undoubted practical dif-
ficulties and the inactivity that sometimes characterized
the past. Otherwise, the improvements in the theory will
not be translated into clinical practice and patients will
not obtain the expected advantages.
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REFERENCE VALUES: FROM PHILOSOPHY TO
A TOOL FOR LABORATORY MEDICINE
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The concept of reference values was introduced for
the first time by Saris and Gréasbeck in 1969 (1). Dur-
ing the subsequent fifteen years, several working groups
from European countries and North America contributed
largely to clarifying the content and, especially, the
philosophy as mentioned by Grasbeck in this issue (2).
Since then, this concept has been widely accepted by
professionals in laboratory medicine, and many national
and international organizations refer to this concept in
official documents (EC4 Group from the FESCC, ISO
15189-2003 norm, NCCLS recommendations). The Direc-
tive 98/79/CE of the European Community obliged kit
manufacturers to provide reference limits (including the
description of reference population) in package inserts
with reagent kits. It also recommended that clinical
chemists check that this information is applicable to
the working conditions of their laboratories. This is
particularly true in France in the official regulation
“Guide de bonne éxecution des Analyses” (GBEA).We
can say that the reference values concept is officially
and internationally applied and recognized.

In this case, devoting a special issue of CCLM to
a topic well-recognized by the Professional Bodies and
Scientific Societies could be considered superfluous.
There are, however, strong arguments in favor of such
a publication.

a. Some laboratory scientists are publishing interesting
scientific papers without following the official recom-
mendation of Scientific Bodies using the desirable ri-
gor.

b. Selecting reference individuals and/or populations is
hard work, often out of reach of most clinical laborato-
ries. In addition, useful and/or necessary clinical data
are not always available. Two examples illustrate this
fact: in a recent article Kallner et al. proposed a simple
method for determining reference limits from primary
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health care patient data (3). If this method is acceptable
for some quantities, the authors showed the limitations
of this methodology, in particular for glucose due to
lack of adapted selection criteria related to the obser-
ved populations. This is why the contribution of health
examination centers could be essential for solving this
problem as proposed by Siest (4). These centers invite
presumably healthy individuals and collect numerous
physiological, clinical and biological data. Secondly, in
this issue, Dhondt highlights the difficulties encounte-
red in the selection of reference individuals for determi-
ning reference intervals for rare analytes or for special
fluids such the cerebrospinal fluid (5).

c. The manufacturers are obliged to provide reference
limits for their reagent kits. This is an expensive and
cumbersome process. During these past several years,
progress in standardization has considerably reduced
the differences observed between analytical techniqu-
es for common analytes. One could expect that refe-
rence limits should no longer be method-dependent.
However, this issue should be carefully considered as
there are many examples of significant analytical diffe-
rences (e.g., for the measurement of transaminases ac-
tivity with or without pyridoxal phosphate or between
methods used in routine and decentralized laboratories
(POCT) etc.). As manufacturers now distribute their
products worldwide, they are confronted with biological
variability (due to differences in ethnicity, genetic and
the environmental conditions of life); these differences
add to the problem of transferability of reference values
from one country to another and from one analytical
system to another.Some authors have attempted to find
answers to this question. In this issue, Fuentes-Arderiu
et al. suggest techniques for determining multicenter re-
ference values (6). This is an original and attractive idea
for manufacturers. Tasks and costs associated with the
selection of reference populations can be shared betwe-
en different laboratories where a high level of quality
control is required (through an adapted EQAS) (7).
However, the method should only be applied to biologi-
cally homogenous populations. The second proposal for
determining common reference values illustrates a very
fine scheme of using commutable materials. Unfortu-
nately, this scheme requires an extremely sophisticated
interlaboratory organization which few countries, other
than perhaps the Scandinavian countries, have at their
disposal (8).

These three examples demonstrate the limitations
of the use of the reference value concept in current
practice. Nevertheless, many scientific works have been
published on the subject over the past twenty years.
In particular, methodological and statistical articles
including some of which are presented in this issue. Of
particular note are those of Lahti who compares the
existing methods of partitioning biochemical reference
data into subgroups (9); Rustad et al. who propose a
method for producing common reference intervals for
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usual quantities (8); Hyltoft Petersen et al. who show that
the rankit transformation and simple graphical test for
non-homogeneity is a useful tool for the description of
reference values and for prediction of extreme fractions
(10); and Virtanen et al. who review parametric methods
that have been used, or which could be used for the
estimation of reference limits from clinical chemistry
data (11). Numerous other papers concern applications,
particularily determination of reference limits. On the
other hand, ever since the publication of the last article
from the Reference Values Expert Panel of the IFCC
(12) in 1991, some controversial and sensitive subjects
have been forgotten. For these subjects, scientific and
official recommendations are missing. Yet, numerous
fields still remain to be explored. For example:

1. The knowledge of relevant biological variability. This
is the key for selecting reference individuals. As pointed
out by Claude Petitclerc, the definition of normality in
laboratory medicine is challenging due to the virtual
impossibility of selecting an unbiased healthy popula-
tion (13). IFCC recommendations clearly emphasize
the need for a homogeneous reference population in a
well-defined state of health. The objective is to reduce
inter-individual variability. For example, in producing
reference values for serum-Creactive protein, it is essential
that all individuals with any history of inflammation
be eliminated. In practice, despite all efforts to gather
this critical information, one still encounters analytically
validated outlying values that are likely due to some
undetected inflammatory processes (14, 15). In this
type of event, statistical tools are largely developed and
used; some of which are presented in this issue (6, 7,
15). An alternate approach to this problem is suggested
in this issue by J@grgensen et al. These authors present
a method for the selection of reference individuals for
fasting plasma glucose, and describe how to decide if
disease groups share reference interval with an ideal
population. This method, based on statistical methods
(randomization), may be used to validate a reference
with respect to an investigated disease and to stratify
the relative importance of risk factors for the analyte
measured (16). In a comparable study on the thyroid
hormone TSH, Jensen et al. (17) excluded all individuals
with thyroid antibodies or a family history of thyroid
disease. Correspondingly, Ritchie and Palomaki (18)
question the relevance of a single reference interval
based on healthy individuals, as they suggest that each
specific disease state may require a specific reference
interval. This proposal may lead to variable decision
limits or cut-off points. Other powerful tools, like multiple
regression analysis, are sometimes used for assessing the
influence or significance of biological and physiological
factors. This method is simple to implement and can
take into account an almost unlimited number of vari-
ables; only the significant biological criteria need to be
retained. Therefore, there are not commonly recognized
rules. The criteria to retain variables may be different
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from one analyte to another. Some impressive examples
were published recently for bone markers (19), serum
prostate specific antigen (PSA) (20) and for the most
commonly measured biochemical and hematological
tests (21). These articles quantify and describe, in
careful detail, the pre-analytical biological criteria to
be retained in the determination of reference values.
However, these scientific works are not exhaustive and
do not cover all the fields of laboratory medicine. A
core scientific work would be extremely useful, notably
for the analytes that are not currently measured. This
task concerns the expert of the parameter considered.
This is a huge undertaking, but essential.

Other particular aspects of biological variability need
to be better clarified: special emphasis should be placed
on variability as a function of age. Nowadays, with
longer life expectancy and improvement in the global
health status of the elderly, it is becoming necessary
to produce reference values for elderly people. Many
papers have been published on the subject, but they are
unsatisfactory as the concept of health in the elderly
is not clearly defined. Many biological, physiological
and psychological criteria remain to be defined (such
as medication or no medication, “supposed” healthy
people only or not,...). Also, should we describe different
reference intervals for each age group (22)? The race
and/or the ethnicity of individuals have been proposed
as factors to subdivide a reference interval (23). Other
recent articles mentioned this fact. For example, the
differences observed between Algerian and European
populations (French and Irish) for blood lipids (cho-
lesterol, triglycerides, HDL- and LDL-cholesterol) led
the authors to suggest decision limits adapted to the
population observed (24). In this issue, two articles from
Ichihara et al. (25) and Johnson et al. (26) evaluate
regional and racial differences in plasma proteins and
claim that environmental and life-style-related factors
seem to have a great influence on many of these ana-
Iytes. Other clinical scientists from developing countries
claim that the production of appropriate reference
values for their countries must take into account the
existence of multiple ethnic groups and different ways
of life (27). At this time, the effect of ethnicity for the
natives and/or the migrants on various analytes has not
been systematically studied. The biological variability of
indigenous population living in developing countries is
one of the major fields to explore since nobody knows
the exact situation. The results of some publications
from these countries are difficult to compare with
results produced in developed countries. This is due
primarily to the use of different analytical methods.
This question of ethnicity introduces the problem of
the transferability of reference values.

2. Many theoretical statistical papers have been
devoted to the transferability of reference values. The
main question for the laboratory scientist is whether the
laboratory can use the reference limits proposed either




by the manufacturers (from the application sheet of the
reagent kit) or by other scientists as reported in the
scientific literature. Another question is whether this
information can be adapted to the population and analyti-
cal system unique to each laboratory. Despite efforts to
solve this problem with use of new statistical methods,
the lack of practical knowledge is obvious, especially
with respect to the variability between different groups
within a population and between different techniques
and/or analytical systems (as mentioned before). Con-
cerning the latter point, progress in standardization has
considerably reduced the extent of the problem for the
most common tests, but remain unsolved for many others
such as immunochemistry tests (28). This is why the
manufacturers of analytical systems and reagents have
a great responsibility in this field and need to involve
themselves to a greater extent in this process. They
should describe more precisely the conditions used in
the production of the reference limits that are published
in the application sheet and/or package inserts. This
includes such things as a careful description of the
reference population, statistical methodology (IFCC,
NCCLS, others), and name of the laboratory which
has determined the reference values.Some manufactur-
ers exclude themselves from this responsibility, asking
the user to check the proposed reference limits with
respect to his/her own working conditions. That leaves
the most important question: What shall the clinical
chemist do alone in his/her lab!...

3. Determining reference values and intervals is the
responsibility of laboratory scientists. This is a complex
task which implies a high degree of knowledge in phys-
iopathology and which cannot be reduced to simple
statistical processing of data in the laboratory.

4. The concept of reference values is not used by
laboratory scientists and the clinicians as rigorously
as it should. In addition, there is confusion between
the notion of “reference values” and “reference limits”
and that of “decision limits”. This could be due to the
fact that the use of the concept of reference values has
not formed the subject of appropriate scientific works,
like the description of a reference population and the
production of reference values, which have been care-
fully studied. It is strange that the expert panel of
the IFCC did not take an interest in this topic. The
Reference Values Working Group of the SFBC (Société
Francaise de Biologie Clinique) proposed in 1982 a
preliminary article on this topic which should be now
revisited (29). For this topic, three approaches could
be investigated: the first and most common of these,
concerns the interpretation of an observed value. The
comparison of a laboratory result to reference limits and
decision limits is obvious for laboratorians. This way of
thinking seems too conceptual for clinicians; for him/
her, the cut-off value (decision limit) alone will be taken
into account. It has been reported that this treatment
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of laboratory data leads some laboratory scientists to
“adapt” the reference limits on their laboratory reports
and to replace them by “alert thresholds”! We are
quite far away from the recommendation of the IFCC
(95 % reference intervals). The 95 % reference interval
is also the theme of Jgrgensen et al.’s contribution on
the increasing use of test results in wellness testing
(30) This technique results in a high percentage of
false-positive results when the traditional description of
reference values as 95 % reference intervals is used.A
second approach concerns the use of individual refer-
ence values. In this issue, Queraltd (31), starting again
the previous work of Williams (32), proposes a clear
statistical methodology for achieving this goal and he
provides practical examples of an individual as his/her
own reference. Dhondt (33) reaches the same conclusion
from a study on reference values of 5-hydroxyindoleacetic
acid and homovanillic acid. This idea is also the main
thrust of Fraser’s contribution (34) to this special is-
sue. He provides an irrefutable argument for better use
of individual specific reference values. When available,
these are far better than conventional reference values
for monitoring individuals. The medical diagnosis
is generally based on a multifactorial approach that
combines laboratory tests, clinical examination and
anamnesis.This multifactorial thinking helps to illustrate
the third technique. Boyd (35) gives a comprehensive
example in this issue where he clearly explains how to
determine bi- or multidimensional reference limits from
a statistician’s point of view. An outstanding practical
example is given in a recent issue of “Thyroid” Journal,
where a scattergram of bidimensional reference limits
for TSH and free thyroxin is presented (36). The se-
rum TSH/free thyroxin relationship in different clinical
conditions (primary hypothyroid, hyperthyroid, central
hypothyroid) and euthyroid is readily apparent. This is
also the same message from Klee (37), who compares
reference limits and decision limits, and makes it clear
that the reference limits should not be used as cut-off
points in general. He also points out the costs related
to incorrect diagnosis and stresses the need for improv-
ing analytical and clinical quality.

5. It is clear that the lack of acceptance and misunder-
standing of reference values is largely the result of a
deficiency in the teaching of the reference values concept
and use; irrespective of the fact that the situation is
very different from one country to another. The concept
of reference values remains a concept of laboratory
scientists, and clinicians have some difficulties appreci-
ating this. The importance of teaching is fundamental.
One could be inspired by a recent article from Young
conveying the importance of the preanalytical phase,
and transposing this, at least partly, to the concept of
reference values (38). In order to do this, great efforts
need to be made in four directions: First, towards the
education of medical students (who will be the clini-
cians of tomorrow) directing training towards the use
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of the concept of reference values for interpretation
of laboratory results. Second for laboratory scientists,
training will be extended to the production of reference
values. Advanced course could also be organized for
laboratory scientists who wish to broaden their knowl-
edge and invest in scientific works. Third, accreditation
agencies could be extremely helpful. Finally, it should
be acknowledged that a large amount of information
concerning biological variability, available reference
limits, and criteria of selection should be easily available
to the community of laboratorians and clinicians. The
production of central data bases (validated) could solve
this problem. Other useful support, such as multimedia,
could be developed.

6. The Journal’s editors also share this responsibility.
The articles on the subject, noticeably those dedicated
to studies on the biological variability, proposing ref-
erence limits should be in accordance with officially
recognized guidelines from the Scientific Societies. As
mentioned above, it is true that this is not always the
case. It could be suggested that acceptance criteria
for articles on the topic of reference values could be
regulated by an agreement between the editors of clini-
cal chemistry journals. They should be inspired by the
STARD initiative which trends to improve the quality
of reporting of diagnostic studies published in medical
journals (39). The STARD published a checklist that
assists authors and reviewers to understand each of the
items on the checklist, the reasons for its inclusion and
how it should be interpreted (40).

7. The management of quality is one of the most
critical issues in the production of reference values,
especially intralaboratory (long-term variability) and
interlaboratory (common reference values).In this area,
the recommendations of the IFCC are clear and well
presented (41). Further information is given in this is-
sue by Westgard (42), an usual and well-known method
in order to calculate critical systematic error, and by
Thienpont et al. (43), who point to the responsibil-
ity of clinical chemists for understanding the need of
metrological traceability of routine measurement. The
control of quality depends on both the clinical chemists
determining reference values, and on the manufacturers
producing analytical systems. The latter must guarantee
quality in the performance characteristics of a method
and quality in lot-to-lot consistency and long-term sta-
bility of an analytical procedure, such as described in
this issue by Klein and Junge (44). This last point is
critical, particularly a calibrator’s lot-to-lot consistency
and the stability of analytical procedures over the long
term.This is why manufacturers should notify clinical
chemists of any alterations before implementation.

8. Companies conceiving Laboratory Information
Systems should be incited to develop software that
includes reliable information on biological variability
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and multidimensional reference limits. The presentation
of results should be also taken into account. Is there
an alternative to the reference concept with reference
individuals, reference values and reference intervals
etc.? Henk Goldschmidt (45) has established such a
vision, “The NEXUS vision”, which looks provocative
and can serve as the basis for future discussions. This
special issue of CCLM on “reference values and refer-
ence intervals” has revealed that the reference value
concept still forms a valid and firm basis for labora-
tory medicine. But, multiple new aspects of the theory
and practical applications are flowering as ideas and
as completed projects. The concept of health is still
a matter of dispute. There are new statistical models,
the interpretation of reference limits as decision points
is a problem, the selection of reference individuals is
a challenge for each quantity, there is an increasing
pressure for establishing common reference intervals
for homogeneous groups across laboratories/methods/
countries and a need for high-quality analytical standard-
ization with traceable concentration values. However,
we do not need too much standardization within this
dynamic field of reference values and reference intervals
as this might inhibit natural developments.However, these
aspects should be addressed by scientific organizations
in order to explore the many relevant problems, ideas
and applications and to stimulate education of clinical
chemists as well as clinicians and medical students.
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ABSTRACT

Background: It has been shown that the level of
serum thyroid antibodies affects serum thyrotropin
(TSH) concentrations in men and women, and that
these autoantibodies in combination with serum TSH
are predictive of future thyroid disease. As the biologi-
cal variation of these autoantibodies is unknown, we
investigated this in fertile women during one complete
regular menstrual cycle.

Methods: A total of 24 healthy women (23-46 years)
were investigated twice a week between 07:30 and
11:00 h. Antibodies against thyroid peroxidase (TPOAD),
thyroglobulin (TgAb), and thyrotropin receptor (TRAD)
were measured in serum, as well as thyroglobulin (Tg).
TPOAD, TgAb and Tg were determined on an AutoDEL-
FIA system (Perkin Elmer/Wallac) and TRAb by a
radioreceptor assay from Brahms Diagnostica.

Results: All 24 women had measurable levels of TPOAb
and TgAb in all samples, and nine women had antibodies
above the upper reference limit of the laboratory (6 had
TPOAb >10kIU/L, 6 had TgAb >20 kIU/L and 1 had
TRAD >0.75 TU/L). Eight women had Tg below the lower
reference limit, five of whom had elevated TgAb. Variations
in the thyroid antibodies were random and not related to
the menstrual cycle. For TPOAb (2.5-258 kIU/L), the CV
biological was 11.3 %, while the CV analytical was 10.6 %.
For TgAb (5.6 to 148 kIU/L) CV biological was 8.5 %
and CV analytical was 9.0 %. The woman with TRAb had
a CV biological of 4.8 %, while the analytical variation in
duplicates was 3.9 % at a level of 2.8 IU/L.

Conclusions: It is possible to measure TPOAb and

TgAb in all samples with the AutoDELFIA. There
is no systematic variation in autoantibodies during the
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menstrual cycle. The biological coefficient of variation
for TPOADb and TgAb was 11.3 % and 8.5 %, respectively.
Clin Chem Lab Med 2007;45:1058-64.
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INTRODUCTION

The presence of thyroid autoantibodies increases
the likelihood of having or developing subclinical or
overt thyroid disease. Therefore, elevated serum thyroid
peroxidase antibodies (TPOADb) and/or thyroglobulin
antibodies (TgAb) often result in treatment with thy-
roxine, sometimes regardless of clinical symptoms and
whether serum thyrotropin (TSH) is elevated (1, 2).
Furthermore Tg and TgAb play an important role in
diagnosis and follow-up of thyroid cancer.

For most of the naturally occurring quantities
measured in serum, plasma and blood, biological
Within-(CVwilhin-subject) and between-subject (vae[ween»subjecl)
coefficients of variation have been estimated and the
results are available in data banks, published in scientific
journals, and on the Internet (3-7).

CVininsuieet 31 CVnaunieer Values for TSH and Tg
have been published (8), and it has been demonstrated
that Tg and TgAb are interrelated following subtotal thy-
roidectomy, with release of Tg and subsequent decrease
in TgAb (9). Data for biological variation of thyroid
antibodies are, however, not available.

Thyroid size varies during the menstrual cycle and
increases by approximately 20 % from day 2 to 23, with
a comparable variation in Tg (10). Numerous other com-
ponents such as estrogens, progesterone, lutropine and
follitropine are also known to vary in fertile women.

Consequently, the aim of our study was to estimate
within-subject biological variation of thyroid autoantibod-
ies in fertile women and to investigate whether there is
a systematic variation related to the menstrual cycle.

SUBJECTS AND METHODS

Subjects

A total of 24 healthy women with a median age of
35.5 years (range 23-46years) were recruited from the
Department of Clinical Biochemistry of Odense Univer-
sity Hospital, Denmark. The women were self-reported
healthy, fertile and had regular menstrual cycles; only
one was taking medication.

Blood samples were obtained twice a week from all 24
women. Owing to variations in cycle length, 20 women
had nine blood samples drawn, while the remaining four
individuals had 7, 8 10 and 11 samples drawn. The sam-
pling period varied between 25 and 36 days. An overlap

57



between the first and last blood sample in individual cycles
was allowed. Six women were on oral estrogen and four
were regular cigarette smokers. Median body mass index
(BMI) was 22.9kg/m? (range 17.2-28.3kg/m?). Pertinent
descriptive data are presented in Table 1.

All samples were collected by one laboratory tech-
nologist to reduce the pre-analytical variation. Blood
samples were obtained from each individual between
07:30 and 11:00 h from a cubital vein. Prior to blood
collection, each individual sat for 5min. The first day
of the present menstrual cycle was registered, as well
as exercise habits, alcohol intake, intake of medications
during the previous week and smoking habits. Height and
weight were recorded, and the time interval since the
last intake of food or liquid for each blood sample.

Samples of 11 ml of serum were frozen at -808 °C in
1 ml tubes within 3h of sampling. Samples from each
individual were run in duplicates next to each other.

Written informed consent was obtained from all
participants.

Analytical methods

Serum concentrations of TPOADb, TgAb and Tg were
measured using solid-phase time-resolved fluoroim-
munometric assays (AutoDelfia, Perkin Elmer/Wallac,
Turku, Finland).

TSH receptor antibodies (TRAb) were measured
using the improved DYNOtest® TRAK human radiore-
ceptor assay (Brahms Diagnostica, Berlin, Germany)
(11). Radioactivity was measured in a WIZARD 1470
automatic gamma counter equipped with the Multicalc
data management program (Perkin Elmer, Turku, Fin-
land). Calibrators traceable to international reference
preparations were used: NIBSC 66/387 for TPOAD, 1st
IRP 65/93 for TgAb, WHO 90/672 for TRAb, and CRM
0457 (IRMM) for Tg. According to the manufacturer,
the detection limits for TPOAb, TgAb, TRADb, and Tg
were < 1.0kIU/L, <1.0kIU/L, <0.31U/L and 0.2 ug se-
rum, respectively. Characteristics of these assays have
previously been described (11-13). S-IgG, traceable to
Certified Reference Material CRM 470, was measured
turbidimetrically on an Integra 700 system using reagents
from Roche (Mannheim, Germany).

The 95 % reference intervals (decision limits) for thy-
roid antibodies are: TPOAD, 2.1-9.8 kKIU/L (14.5kIU/L);
and TgAb, 2.9-19.2kIU/L (30.7kIU/L) (12). For TRAb
the upper reference limit is 0.75 IU/L and no decision
limit is defined (11).

Calculations and statistical methods

Test of the relationship between concentration of compo-
nent (measurand) and time in the menstrual cycle

Harmonization of the menstrual cycle The length of
the menstrual cycle was 28 days for women using estro-
gens as contraceptives and varied from 25 to 36 days
for the remaining women. Consequently, specimens were
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ordered from the first cycle day for each woman, and
for each sample the “harmonized day” was calculated
as “day in the menstrual cycle” multiplied by 28 and
divided by the “actual length of the cycle”. Then the
“harmonized days” were ranked in groups of 4 days,
resulting in seven subgroups.

Normalization of measured concentrations For each
woman and for each component the mean concentra-
tion was calculated and each measured concentration
was divided by this mean, resulting in values distrib-
uted around 1.0 for each woman. Consequently, the
calculated standard deviation, s, has no unit and is
equal to the coefficient of variation, as CV=s/1.0 and
CV%=100xs/1.0.

Estimation of coefficients of variation One-way
analysis of variance was applied to the seven sub-
groups with the normalized values as replicates, and
coefficients of variation (s100=s) were calculated for
within- and between-variation of the seven subgroups
(14, 15). Considerable betweenvariation compared to
within-variation indicates a systematic course through
the menstrual cycle.

Estimation of parameters of coefficients of variation

Between-subject variation and pooled (common)
withinsubject variation For each component (value )0)
the natural logarithm (In or loge) was calculated and
analysis of variance for repeated sub-sampling at three
levels was applied to the In concentrations, resulting in
the parameters CV, . . and CV . e together
with CVanalytical (14, 15). The CV values can be expressed
either as fractions or percentages: CV % =CV x 100.

Within-person variation for each individual The indi-
vidual variation for each person, CV .. . was estimated
for each woman based on In concentration values.

By using In-values, the estimated standard deviations,
S, are the best estimates of coefficients of variation:
CV=~s_ (and thus the standard deviation of In values
should not be divided by the mean of these In values).
The more correct formula is CV =[exp(s, ?) - 1]"* (16,
17), but up to a directly calculated value of CVs0.400 the
underestimation is negligible, as the more correct value
is CV=0.417, which is less than 5 % underestimation.

Description of variability

The individual concentrations and CV .. val-
ues are illustrated in a diagram (Figure 2) showing the
geometric mean and 95 % interval for each individual
on a logarithmic concentration scale. In addition, the
reference intervals are indicated, as well as decision

limits for the antibodies.

Test of variance homogeneity

Sample variances from the same population are
“homogeneous” and consequently the ranked and cu-
mulative distributions of these variances are distributed
as x*/DF (y? distribution for degrees of freedom, DF,




according to the sample size). When different variances
are distributed according to y*/DF, they are considered
as variance homogeneous.

This hypothesis is illustrated by cumulating the ranked
individual coefficients of variation, CVwithin-person
values, and plotting them as fractions in a rankit plot
(18, 19) together with the theoretical pooled CV
wbjeet < (x*/DF)'2. If the curve for cumulative CV values
follows the theoretical curve, then the variances can be
considered homogeneous. Variance homogeneity can also
be tested with Bartlett’s test (14) or Cochran’s test (20),
but neither of them is precise and both are sensitive to
the many assumptions needed for reliable tests.

Illustration of relationship between Tg and TgAb

The relationship between Tg and its autoantibody
TgAb is illustrated in a simple x-y plot.

The 90 % confidence intervals for variances are
estimated from the formula DF xs*/y  *<o’<DF xs?/
Xoos. (90% CI) (14, 15).

The analytical quality specification for imprecision
(desirable analytical performance) is calculated from
the formula: CVana]ytical< 1/2CVbiological (19, 21).

The reference change value (RCV) is calculated for
each of the parameters as (z x V2 CV,,.), where z=1.96
and CVlotals= (CVtotal analylica12+ CVwithin-suhjeclz)l/z (19, 22). The

90 % confidence interval for fraction p is calculated as
pt1.64[p (1-p)/n)? (15).

RESULTS

General

All 24 women had measurable values of TPOAb
and TgAb in all samples. Nine women had antibody
levels above the upper reference limit of the laboratory
(6 had TPOAb> 10 kIU/L, 6 had TgAb>20 kIU/L, and
1 had TRAb>0.75 IU/L). Eight women had Tg below
the lower reference limit of 2 ug/L, five of whom had
elevated TgAb (Table 1). The prevalence of antibodies
was 38% (90% CI 22 %—54%).

Relationship between concentration of measurand/
component and time in menstrual cycle

All six women using estrogens had a menstrual cycle
length of 28 days, whereas the length was harmonized to
28 days for the rest of the women. Moreover, the days of
corrected sampling were arranged into seven groups of 4
days each. Every concentration was normalized by division
by the mean concentration for the same woman, and the
withinand between-group coefficients of variation were
calculated by one way analysis of variance. There were
no systematic variations during the menstrual cycle for
the total group of 24 women for any of the investigated
components, as shown in Table 2. The between-group
CV values are below 3% compared to the within-group
variation of 10 %—18 %. For the six women taking oral
contraceptives, however, there was a decrease of approxi-
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mately 20 % in Tg concentration from the first to the next
period of 4 days in the menstrual cycle, followed by a
slow increase to the original value during the remaining
cycle. For these women, the between-group variation was
9.6 %, which is of the same order as the within-group
variation of 12.5%, as illustrated in Figure 1, where the
shadowed area indicates the 95 % band (mean £2xCV)
for women using estrogens. The lack of systematic changes
for the rest of the women is illustrated by the individual
15 courses of normalized Tg concentrations (3 women
had Tg concentrations below the detection limit). There
was no systematic course for the thyroid autoantibodies
in the six women using estrogen.

Illustration of within- and between-subject variations

Figure 2 shows the individual means and 95 % confi-
dence intervals on a logarithmic scale for all 24 women
for TPOADb, TgAb and Tg, together with the relevant
reference intervals, as well as the decision limits for
the autoantibodies. For three women, most Tg values
were below the detection limit, so these are indicated
by three arrows to the left.

Variance homogeneity

The dispersion of homogeneous variances is expected
to follow a y? distribution with DF=n - 1 and the 24 CV
values are consequently cumulated according to rank and
compared to CV__  x (¥*/8) in a rankit plot (Figure 3).
The distribution of TPOAb CV values does not follow
a y* distribution and is therefore not homogeneous
(Figure 3A). Separating CV values below and above
the upper reference limit also results in inhomogeneous
distributions of both (data not shown).

The TgAD distribution, however, is close to y?, as if
all values came from the same common Gaussian dis-
tribution (Figure 3B). Only one woman had all TRAb
measurements above the detection limit, so there is
no distribution of individual CV values. For Tg, three
women had several measurements below the detection
limit, implying that the distribution, by definition, may
be considered inhomogeneous.

Estimated parameters for biological variation

Estimates of the biological within- and between-subject
CV for the three antibodies and Tg are shown in Table 3.
CV eensuvieer V2IUES are shown in parentheses, as several
women had values above the upper reference limit, and
therefore the index-of-individuality was not calculated.
Values of CVW“hin_suhject are approximately 10% for TPOADb
and TgAb and are mainly the same below and above
the upper reference limits. The analytical imprecision
for both is of similar size and approximately twice the
analytical quality specifications for imprecision. CV__
subject for TRAD is approximately 5 %, but based on only
one subject. For Tg, CVthm_subject is approximately 16 %,
whereas the analytical imprecision is low and within
the quality specification. The calculated 95 % RCVs are

between 35% and 45 % for TPOAb, TgAb and Tg.
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Table 1. Basic data and measured values of the participants

Basic data Mean concentration for each individual
Number San:lples Age BMI Cycle Working TPOAb TgAb TRAb Tg
years kg/m? days in shifts kIU/L kIU/L IU/L mg/L
No estrogen intake
1 9 46 24.0 27 Yes 258 42 <0.75 0.8
28 9 33 2323 2 No 5 9 <0.75 13.2
3 9 37 20.1 26 No 9 35 <0.75 0.0
5 9 24 22.6 32 No 31 14 2.8 16.3
6 11 33 22.5 36 Yes 4 6 <0.75 5.4
7 10 31 21.5 31 No 2 6 <0.75 6.0
8 8 36 20.4 30 No 4 11 <0.75 3.4
9 9 35 26.2 30 No 3 6 <0.75 16.3
10 9 26 25.1 26 Yes 4 14 <0.75 1.9
11 9 42 18.9 27 No 47 11 <-0.75 6.1
12 9 34 23.5 27 No 4 8 <0.75 7.7
13 9 45 25.2 29 No 247 16 <0.75 0.3
14 9 29 17.2 30 No 4 7 <0.75 10.5
15 9 41 28.3 27 No 6 50 <0.75 0.0
18 9 37 28.0 26 No 182 146 <0.75 0.0
19 9 37 27.0 26 No 15 23 <0.75 39
20 9 37 22.1 25 No S 10 <0.75 3.5
24 9 35 19.8 26 Yes 6 8 <0.75 12.0
Estrogen intake
4 9 23 21.5 28 No 3 6 <0.75 15.0
16 9 40 24.1 28 No 2 6 <0.75 6.4
17 9 28 22.4 28 Yes 3 13 <-0.75 0.2
210 7 31 25.4 28 No 4 9 <0.75 25.9
220 9 25 19.6 28 No 3 30 <0.75 1.9
23 9 29 27.3 28 Yes 6 9 <0.75 12.7
*Smokers.

Relationship between Tg and TgAb

Tg and the TgAb concentrations are expected to
be interrelated. In Figure 4 the combined values for
each blood sample in all 24 women are illustrated. It
is evident that Tg concentrations >5 ug/L correspond to
TgAb concentrations within the reference interval.

Below Tg values of >5ug/L there is a crude inverse
relation with TgAb concentrations. The combinations
of the two components are very reproducible within
each woman.

DISCUSSION

General
This investigation was performed to establish the
biological variation for thyroid antibodies in healthy
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Table 2 Biological variation of TPOAb, TgAb and Tg in
fertile women

Component CVwi(tll:)in-group CVbet%en—gmnp
TPOAb (n=24) 13.0 1.2
TgAb (n=24) 10.3 1.8
Tg (n=21)* 17.9 2.7
Tg (n=6)° 12.5 9.6

For each woman the length of the menstrual cycle was harmonized
to 28 days. The concentration measured in each sample was
normalized by division by the mean concentration obtained
for each subject. All normalized values are grouped in 4-day
periods Coefficients of variations for within and between groups
were estimated by analysis of variance. *Three women had Tg
concentrations below the detection limit. bSix women were taking
oral contraceptives.




Fraction of individual mean

Day in harmonized menstrual cycle

Figure 1. Fractional Tg concentrations as a function of harmonized
menstrual cycle in 21 fertile women. Menstrual cycles were harmo-
nized to 28 days and ordered in seven groups of 4 days. Fractio-
nal Tg concentrations were calculated by dividing each measured
concentration by the mean for the same woman. The hatched area
illustrates mean *2s in each group for the six estrogen users, while
the individual courses are shown for the remaining 15 women. Three
women had Tg concentrations below the detection limit.

fertile women. Surprisingly, nine of 24 (38%) healthy
volunteers had a thyroid antibody concentration above
the upper reference limit. The prevalence of elevated
antibody levels was 25% (6 of 24) for TPOAD, 25% (6
of 24) for TgAb, and 4% (1 of 24) for TRAD.

This prevalence of elevated TPOAD is higher than
the 14% found in another Danish investigation using the
same methods (12) and in other studies using various
criteria for antibody presence (23, 24). However, the
latter studies applied more rigorous rule-out criteria
based on other parameters, e.g., ultrasound scanning and
use of medication or having a family history of thyroid
disease. The total prevalence of 38% for elevation of
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Figure 3. Plots illustrating variance homogeneity. Cumulated coef-
ficients of variation for TgAb and TPOAb compared to the ideal y*
distribution (DF =8). Ranked and cumulative fractions of individual
within-subject coefficients of variation on a rankit scale as a function
of the coefficient of variation. For comparison to the theoretical ho-
mogeneous distributions, the functions of CV pooled x (y*> /DF)"?
for DF =8 are shown. (A) TPOAb and (B) TgAb.

any thyroid antibody, combined with borderline values
of TSH and triiodothyronine, suggests that some could
have subclinical thyroid disease.

However, the estimated CVwithin-subject for TPOAb
and/ or TgAb is calculated for the present range of
antibodies.

We have not carried out a follow up to test if overt
thyroid disease evolved and we cannot distinguish be-
tween “low-risk” and “high-risk” antibodies (12). We
have not investigated the biological variation of these
antibodies in overt thyroid disease.

Influence of the menstrual cycle on variability
of the components

We found no systematic variation in concentrations
of TPOAb and TgAb in relation to the menstrual cycle
(Table 2), and the within-group variations for the two
components were slightly greater than 10%. Findings
for serum Tg were comparable, but the six women on
oral estrogens demonstrated an unexplained systematic
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Figure 2. Biological variation for 24 healthy women. Mean *2s on a logarithmic scale (mean_*2s

) for each of the 24 women for (A)

Inx Inx

TPOAD, (B) TgAb and (C) Tg. Hatched areas illustrate the reference intervals. For TPOAb and TgAb the vertical dotted lines indicate the
decision limits. The three women with Tg concentrations below the detection limit are illustrated by arrows to the left.
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Table 3 Estimates of biological and analytical coefficients of variation with analytical quality specifications for imprecision

and reference change values in 24 women.

CV ,% CV
Compo- . Range of CV, CvV e CvV L RCV(95%)
Unit bs ws a specification o
nent means % % <URLc SURLc % o %
TPOAb kIU/L 2-258 147 11.3 11.8 9.5 10.6 5.7 42.9
TgAb kIU/L 6—148 82 8.5 9.0 6.8 9.0 4.3 34.3
TRAba IU/L 0-2.8 4.8 3.9 2.4 17.2
Tgb ug/L 0-26 128 16.2 2.9 8.1 45.6
1eG g/L 7—-18 22 3.0 1.0 1.5 8.8

Blood was drawn nine times during a single complete menstrual cycle. CV, , between-subject coefficient of variation; CV_, within-subject

coefficient of variation; URL, upper reference limit; CV,, analytical coefficient of variation; RCV, reference change value. aOnly one

woman had TRADb concentrations above the detection limit. bResults for 21 women (3 women had at least one Tg concentration below

the detection limit and were consequently excluded). cSix women had TPOADb concentrations above the upper limit, and six had TgAb
levels above the upper limit.
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Figure 4 TgAb as a function of Tg. All combinations of TgAb and Tg

for the 24 women with different symbols for each woman. The hat-

ched area illustrates, for Tg concentrations above 5 ug/L, the lack

of relation between the two components, and the inverse relation for

Tg concentrations below 5 ug/L The points for each woman are clus-

tered within narrow areas. For three women the Tg measurements
were below 0.2 pg/L.

decrease of approximately 20% from the first to the
second 4-day period (Figure 1).

Variance homogeneity and estimated parameters
The variances of TgAb are y’distributed and thus
homogeneous, which means that the same CV is a pli-
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cable to all women when monitoring serum TgAb (Figure
3B), and the small difference between concentrations
below and above the upper reference limit (Table 3) is
of hardly any significance. In contrast, TPOAb variances
are not homogeneous, and use of one CVwithin-subject
value for all women may lead to erroneous interpretation
of measured differences when compared to RCVs. This
is because an individual with a narrow variation needs
greater changes - as calculated in individual CV values
- to surpass the RCV, which is based on the common
pooled CV, whereas a woman with a high CV may show
an increased fraction of false positive differences. Thus,
the RCV can be applied to TgAb without limitations,
whereas for TPOAb caution is suggested. For TPOAD,
estimations of biological within-person variation in each
single individual, previous to clinical use, would be
very valuable. It may be questioned whether analytical
noise might interfere with specific measurements of the
autoantibodies, but the variance homogeneity of TgAb
points to the fact that we measure the same antigen in
all individuals. Furthermore, for TPOAb the CV values
above and below the upper reference limit are similar.
These data support the conclusion that analytical noise
has negligible influence on the estimated CV values.

The measured thyroid antibodies are of the IgG
type. Consequently, the estimated within-subject varia-
tion of approximately 10% should be compared to the
within-subject variation of IgG, which is estimated to be
3.0% in the same samples. This factor of approximately
three may be explained by the fact that the individual
specific antibodies each has its own turnover, whereas
total IgG includes many different antibodies with vary-
ing synthesis and catabolism, and therefore variation
of the total IgG is equalized.

According to Ricos et al. (6) the median value for
published data is 4.5%. This is somewhat higher than
our estimate, but confirms the order of difference be-
tween the specific antibodies and total IgG.




There are no calculations of index-of-individuality, as
the between-subject variations of TPOAb and TgAb are
extremely high, due to the fact that 25% of the women
had concentrations above the upper reference limits.

Relationship between serum Tg and TgAb

TgAb and Tg are interrelated. A high serum concen-
tration of TgAb reduces Tg considerably, and this may
result in Tg concentrations below the detection limit
(Figures 2 and 4). This is expected from the direct
relation between antigen and antibody as described by
Feldt-Rasmussen et al. (9). They demonstrated that sub-
total thyroidectomy released Tg in high concentrations,
which could reduce TgAb considerably, and diminish
levels to below the detection limit if the previous TgAb
concentration was moderate. When the release of Tg
stopped, TgAb could increase to the original levels within
2 days. It follows that the level of TgAb is sensitive
to changes in Tg. With the homogeneous variances of
TgAb, the conditions for using RCV to disclose clini-
cally important changes in TgAb are present.

Our within-subject variation for serum Tg was approxi-
mately 16 %, which is of the same order of magnitude
as found by Feldt-Rasmussen et al. (8).

The value of 0.1 for 0.1 % in the database of Ricos
et al. (6) refers to (8), where biological variations are
reported as fractions. As a consequence, the value of 0.1
in (6) must be a misinterpretation of 0.13 (s13%).

Our high between-subject variation seems to be due
to the considerable scatter (also without the women with
Tg concentrations below the detection limit), whereas
the older study (8) comprised only five women, who
by chance showed only a slight degree of scatter, with
a value of 25 %.

The above is of importance when deciding whether
there is a change in an individual’s antibody level. For
individuals with an assumed concentration of 28 ug/L Tg,
28 kKIU/L TPOADb, 28 kIU/L TgAb and 2.8 IU/L TRAD,
the next measurement should exceed 41, 40, 38 and
3.3, respectively, to exceed the 95 % RCV.
CONCLUSIONS

We were able to measure TPOAb and TgAb in
all samples. There was no relationship between the
concentration of TPOAb or TgAb and time in the
menstrual cycle.

The biological within-subject variation and imprecision
for TPOADb at a serum concentration of 2.4—258 IU/L
was 11.3% and 10.6 %, respectively.

TgAb at a serum concentration of 5.6—148 IU/L,
these were 8.5 % and 9.0 %, respectively.
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Kwvalitu v laboratériu, ako komplexny pojem, nemozeme
zredukovat iba na koeficient variacie a bias bez chapania
dalSich vztahov v ramci poskytovanych sluzieb. Tejto
téme, v zmysle indikatorov kvality, sme venovali pozor-
nost v roku 2007, kde sme prezentovali nas§ pohlad na
komplexné chapanie pojmu ,kvalita“ v laboratériu [1].

Koncom roka 2008 bola zaloZzena medzinarodna
neziskova asociacia, so sidlom v Bruseli, pod nazvom
»European Association for Predictive, Preventive and
Personalised Medicine” - EPMA, s cielom presadzovania
konceptu prediktivnej, preventivnej a personalizovanej
mediciny pre prospech pacienta, ktory je stredobodom
jej zaujmu [2]. Viac informacii o tejto asociacii je mozné
ziskat na jej web stranke www.epmanet.eu.

S presadzovanim nového konceptu prediktivnej, pre-
ventivnej a personalizovanej mediciny (P3M) sa eSte
viac rozSiruje chapanie kvality v laboratoriu a naopak,
kvalita v laboratoriu sa stava este dolezitejSou, pretoze
laboratorna diagnostika hra v celom koncepte jednu
z kltucovych uloh [3], ked'Ze musi poskytovat maximalne
spolahlivé informacie, ktoré je mozné nasledne pouzit
na vypracovanie relevantnych predpovedi, preventivnych
krokov resp. individualneho pristupu k liecbe.

Hilavné atributy kvality v laboratoriu, prispievajice k rozvoju
konceptu prediktivnej, preventivnej a personalizovanej medi-
ciny:

e kvalifikovany personal,

e analyticka kvalita,

e §iroka paleta vySetrovanych parametrov,

e spektrum spolupracujucich lekarov a ich aktivna
spitna vizba,

e komplexnost a mnoZzstvo udajov v databazach,

e uroven spracovania udajov nastrojmi sucasnych in-
formacnych technologii,

e aktivna ucast na vyskume v oblasti laboratornej dia-
gnostiky a aplikacia vysledkov v praxi - translational
research,

e aktivna ucast na vzdelavani spolupracujucich lekarov,
sestier, pacientov, zastupcov ZP a zakonodarcov.
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Prispevok konceptu prediktivnej, preventivnej a personalizo-
vanej mediciny k dalSiemu rozvoju laboratornej diagnostiky:
¢ definovanie laboratérnej diagnostiky ako klucovej
zlozky pre cely koncept P3M,

e pravidelna odborna komunikacia s Europskou ko-
misiou pri vypracovavani planov na vyclenovanie
finanénych prostriedkov pre grantové programy
v oblasti zvySovania urovne zdravotnej starostlivosti
v EU (8. ramcovy program),

¢ spolupraca s Eurépskym parlamentom pri vytvarani
novej potrebnej legislativy,

¢ podpora vyskumu a aplikacie novych prediktivnych
biomarkerov do rutinnej praxe laboratorii v spolu-
praci s diagnostickym priemyslom,

¢ podpora preventivnych diagnostickych ¢innosti a z toho
vyplyvajuca dolezitost kvalitnych a spolahlivych la-
boratorii,

¢ aktivna podpora pri komunikéacii so ZP a pacientsky-
mi organizaciami,

¢ podpora publika¢nej ¢innosti pre ¢lenov EPMA,

¢ kontinudlne monitorovanie rozvoja konceptu P3M
prostrednictvom vlastného elektronického ¢asopisu,
ktory je zamerany na najnovSie poznatky v oblasti
predikcie, prevencie a personalizovaného pristupu
k liecbe pacienta,

¢ zvySovanie vSeobecného povedomia vSetkych zainte-
resovanych ucastnikov v procese zdravotnej starost-
livosti v ramci celej EU.

Co by sa malo v laboratornej diagnostike zlepsit v zmysle
zvySovania kvality ako prispevku pre koncept prediktivnej,
preventivnej a personalizovanej mediciny?

e Vyuzivanie informaénych systémov,

e vyuZivanie doterajSich ako aj najnovSich vedeckych
aj technologickych poznatkov,

e pristup pacienta, ako konecného uZzivatela kvality
sluzieb v zdravotnej starostlivosti, ktory ¢asto nema
nijaku predstavu o vyzname laboratornej diagnosti-
ky pre jeho zdravie,

e pristup zdravotnych poistovni, ktoré stale chapu la-
boratornu diagnostiku iba ako pri¢inu na nutnu stra-
tu ,,svojich® finanénych zdrojov, bez jasnej analyzy
ekonomického prinosu podpory tejto oblasti,

e zvysit pocet akreditovanych laboratorii,

¢ systematickejsi pristup k medzinarodnej spolupraci na
vytvarani certifikovanych referenénych materialov.

Sucasna situacia s informacnymi tokmi v systéme

zdravotnej starostlivosti nielen na Slovensku, ale vSade
vo svete, je velmi malo koordinovana, ¢im sa dramaticky
znizuje moznost vyuzivania sice existujucich, ale tazko
dostupnych informacii, ktoré by bolo mozné nastrojmi
sucasnych informac¢nych technologii transformovat na
spolahlivé vedomosti, ktoré su potrebné ako zaklad pre
predikciu, véasnu prevenciu aj personalizovany pristup.
Dnesnu situaciu ako aj situadciu, ku ktorej by sme sa
mohli v budicnosti priblizift sme nacrtli schematicky
v kapitole prave uvadzanej knihy [4]. Velmi velku
dolezitost vyuzivaniu informacnych systémov v zdravot-
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nictve priklada aj novy plan amerického prezidenta B.
Obamu na zavedenie systému elektronickych lekarskych
zaznamov do roku 2014, na ktory vyclenil 19 miliard
dolarov, ako sa uvadza v editoriale Casopisu Nature
z 19. marca 2009 [5].

ZAVER

Ako by mohla vyzerat buducnost prediktivnej diagnostiky?

Analyticka kvalita v laboratoriu patri k zakladom
a prave na tomto zaklade je potrebné stavat dalSie sluzby
s vysokou pridanou hodnotou pre pacienta. Na zaklade
sucasného trendu sa jednou z potencidlne vyznamnych
sluzieb stava prediktivna diagnostika, preventivny pristup
a personalizovana medicina. Sluzby s takouto pridanou
hodnotou je mozné stavat len za predpokladu, Ze sa za-
¢nu maximalne vyuzivat sucasné informac¢né technologie
a zaroven sa budu do praxe Co najrychlejSie dostavat
najnovsie poznatky z oblasti zakladného vyskumu. To si
samozrejme bude vyzadovat aktivny pristup legislativy,
zdravotnych poistovni aj laboratorii, nevynimajuc ani
vzdelavacie inStitucie a pacienta.

Ci v budticnosti mézeme ocakavat taku uroven, Ze
pre kazdého jednotlivca bude mozné vytvorit jedine¢ny
a komplexny pocitacovy model, ktory umozni spolahlivé
predpovede vyvoja jeho zdravotného stavu, tak ako sme
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uz nacrtli je zatial otazne [4]. To, Ze niC také nevznikne,
ak sa o to aspon nepokusime, je mozné predpovedat
s pravdepodobnostou, ktora limitne hranici s istotou.
Aj potencialny uspech vSak so sebou prinaSa uskalia,
a to vo forme vaznych etickych otazok, ktorym bude
nutné venovat vel'kd pozornost a rieSit ich za aktivnej
ucasti tych, ktorych sa to tyka, teda pacientov, a teda
nas vSetkych.
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UVOD

Cielom prispevku je zhrnut doterajSie skusenosti
s reStrukturalizaciou laboratornej diagnostiky ako aj
upozornit na jej niektoré nové aspekty. Prispevok vy-
chadza zo skusenosti ziskanych pri restrukturalizacii
nemocniénych oddeleni ako aj z skusenosti ziskanych
pri planovani a implementacii reStrukturalizacie refazca
laboratorii. Osobitnu Cast predstavuju skusenosti ziskané
z aktualnej analyzy faktorov vonkajSieho prostredia.

METODA

V prispevku sa zaoberame problematikou restruktura-
lizacie

e nemocni¢nych laboratorii,

e retazca laboratorii,

diskutujeme problematiku

e nemocni¢ného prostredia,

e prostredia retazca laboratorii,

e vonkajSieho prostredia,

z hladiska financovatela a poskytovatela zdravotnickej
starostlivosti.

VYSLEDKY

Problematika reStrukturalizacie laboratornej diagnosti-
ky (integracie a konsolidacie laboratérnej diagnostiky ako
aj centralizacie) na Slovensku sa riesi od roku 1995 v SR na
domacej aj medzinarodnej urovni a doterajSimi najvyznam-
nejSimi vystupmi v tejto oblasti su:

e zaloZenie odboru laboratérna medicina v r. 1998,

e zalozenie Slovenskej spolo¢nosti pre laboratornu
medicinu v r. 2000,

e vznik prvého integrovaného a konsolidovaného pra-
coviska - Kliniky laboratornej mediciny - v nemoc-
nici akademika L. Dérera v Bratislave na Kramaroch
vr. 2002,

 vznik Ustavu pre chémiu, klinicku biochémiu a la-
boratornu medicinu na Slovenskej zdravotnickej uni-
verzite v r. 2004,
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¢ vychova doteraz najmenej 10 Specialistov s atesta-
ciou z laboratornej mediciny v SR.

Restrukturalizacia nemocni¢nych laboratorii
Prikladom uspesnej restrukturalizacie bol vznik Kliniky
laboratornej mediciny v obdobi v obdobi 1995-2002.
Za 7 rokov sa podarilo vytvorit z izolovanych oddele-
ni klinickej biochémie, hematologie a transfuziolégie,
klinickej mikrobiologie a klinickej imunologie Kliniku
laboratornej mediciny s novou Struktirou laboratoéria
III. Generacie:
e centralneho prijmu,
e core laboratoria (integrovana automatizovana labo-
ratorna diagnostika),
* manualneho laboratdria (integrovana manualna la-
boratorna diagnostika, flow cytometria),
¢ $pecializovanych oddeleni toxikolégie (HPLC, GC,
GC MYS) a bakteriologie (kultivacné techniky, PCR).

Struktura moderného laboratdria III.generacie vo
vSeobecnosti je na obr. ¢. 1:

Deliaca techniky
{ Toxikobigia |

Vysako
Infakind
mataridly
Bakteriologia Manual Lab
KB
HE

Corelab "%

KB
HE
]
%

Tejto Strukture sa prisposobili aj Ziadanky
e akutna,

e rutinna,

e $pecialna,

o dalsie.

Z redukcie

e povodnej plochy na cca 1/5,

e povodného poctu pracovnikov na cca 1/3,

vyplynuli podstatné uspory a nadvézujuci vzostup
vykonov o cca 30% prispel k podstatnému zlepSeniu
hospodarskeho vysledku po reStrukturalizacii.

Restrukturalizacia laboratorneho retazca

Cielom restrukturalizacie laboratérneho retazca je
vybudovanie centrdlnych laboratorii poskytujucich kom-
plexnu laboratérnu klinicko biochemicku, hematologicku,
mikrobiologicku a imunologicku diagnostiku v plnom
rozsahu a podla potrieb a moznosti najlepSie 24 hodin,
Specializovanych laboratorii poskytujucich Specializovanu
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- prevazne geneticku a patologicko anatomicku labo-
ratornu diagnostiku, rutinnych laboratorii poskytujucich
laboratornu diagnostiku pre ambulantnych lekarov
vSeobecnych a Specialistov v centrach, kam sa zvaza
biologicky material a zbernych miest zabezpecujucich
zber a spracovanie vzoriek ako aj akutnu diagnostiku
- rozumej diagnostiku parametrov, kde nie je mozny
transport vzoriek z dovodov nestability biologického
materialu alebo z nutnosti urobif laboratorne vySetrenie
pri ohrozeni Zivota.

DISKUSIA

Problematika nemocni¢ného prostredia

Hlavnym problémom nemocni¢ného prostredia je kultu-
ra ,verejnych sluzieb“ ako aj ,monovalentna kultura®, v kto-
rej tazko hladate stakeholderov na restrukturalizaciu, lebo ria-
ditel nemocnice sa boji a zamestnanci oddelenia sa obavaju
zmien a problémov, ktoré proces prinesie. VSetko zavisi na
vytvoreni core teamu motivovanych pracovnikov, ktori v ¢ias-
toc¢nej polo ilegalite su ochotni realizovat zmeny. Existuje pri-
tom vel'ké riziko zo zastavenia procesu z nedostatku zdrojov,
prilezitostnych zlyhani ako aj celého radu dalSich okolnosti.
S takmer 100 % pravdepodobnostou sa da tvrdit, Ze ziskané
uspory a zdroje sa stratia v nerestrukturalizovanych Struktu-
rach nemocnice,, ktoré chronicky produkuje stratu. Pozitiv-
nou strankou, aspon doteraz, bol relativny dostatok ¢asu na
moznost dokladnej pripravy na zmeny.

Restrukturalizacia procesov

Procesy, prakticky na vSetkych oddeleniach a praco-
viskach retazca sa vyznacuju komplikovanostou, prekry-
vanim a pocetnymi rozhraniami. Tento stav znazornuje
prvy z obrazkov (obr. ¢.2) uvedenych nizsie:

L

w
|
|
J

-

|
a
|
)

Uvedeny stav je zdrojom strat a zdrojom chyb. Cielom
je vytvorit priamociare procesy s minimom rozhrani, ¢o
odstrani ¢asové straty zdroje chyb. Cielovy stav znazor-
nuje druhy z obrazkov uvedenych vyssSie (obr. ¢. 3).
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Problematika prostredia retazca laboratorii

Hlavnym problémom retazca laboratorii je problém
fenomén ,vela kucharov pokazi polievku“ a rovnako ako
u nemocni¢ného prostredia, prevazujica ,monovalentna
kultara“. V refazci zvacsa existuje niekol'ko riaditelov,
dalej garanti laboratornej diagnostiky (laboratérna me-
dicina, klinicka biochémia, hematologia, mikrobiologia,
imunologia, genetika, patologicka anatomia) a napokon
veduci oddeleni - pokial ide o oddelenia s viacerymi
odbormi. Na vysSej urovni prevazuje obsadenie funkcii
pracovnikmi s nemedicinskym vzdelanim, na nizZsej
urovni existuje prevaha pracovnikov s medicinskym
(klinicko-laboratérnym vzdelanim). Problémom ,kul-
tury vela kucharov® je nezaujem o zmenu, odmietanie
novych modernych principov veducich k automatizacii
pracovisk, nedostatocné dodrZiavanie zakladnych prin-
cipov manazmentu, niekedy aj nedostatok skusenosti.
Problémom monovalentnej kultury je boj za obranu
vlastnych zaujmov odborov, v ramci ktorého sa zvySuje
riziko nevyuzitia efektu zdielania a potenciacie zdrojov
a nadvizujuceho efektu ,economy of scale“. Za hlavné
pozitiva tejto kultury povazujeme drive na zmenu a pod-
poru zo strany vrcholového manazmentu.

Zakladnym predpokladom fungovania refazca je
zabezpeCenie plynulého transportu medzi centrami
a satelitmi navzajom tak, aby oSetrujuci lekari reStruk-
turalizaciu retazca vobec nepocitili. Zakladna koncepciu
nacrtavaju obr. ¢. 4
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Problematika vonkajSieho prostredia restrukturalizacie
S problematikou reStrukturalizacie uzko suvisia
e atestacie z laboratérnej mediciny,
e zriadenie sekcie pre laboratornu medicinu pri SLK,
e indikatory kvality,
e harmonizacia prostredia s chartou UEMS pre medi-
cinsku biopatologiu,
e Ziadanky,
¢ katalog vykonov.

Cielom reStrukturalizacie nemocni¢nych oddeleni
a laboratornych refazcov je zvysenie efektivity a kvality
laboratornej diagnostiky - inymi slovami zabezpecCit
lepSiu a lacnejSiu laboratérnu diagnostiku. K usporam
a kvalite musia byt jednotlivi ucastnici laboratérneho
procesu motivovani. Nastroj na zvySenie motivacie ku
kvalite predstavuje hodnotenie jednotlivych oddeleni la-
boratérnej diagnostiky na zaklade kritérii vychadzajucich
z indikatorov kvality. Motivaciou k usporam moze byt
podpora centralizacie laboratérnej diagnostiky umoz-
nenim presunov limitov poistoviiami medzi regionmi
a krajmi a ponukou lacnejSej diagnostiky zo strany po-
skytovatelov. Uzatvoreny koniec v systéme laboratorne
diagnostiky zabezpeéi fundholding indikujucich lekarov
spolo¢ne s dodrziavanim zasad racionalnej indikacie
laboratornych vySetreni.

ZAVER

Restrukturalizacia moze nadobudat dve zakladné
formy - integraciu/konsolidaciu a centralizaciu.

Integracia je zlucovanie predanalytickej, analytickej
a postanalytickej fazy do jedného celku. Konsolidacia
je proces zlucovania viacerych odborov laboratdérnej
mediciny do jedného celku.

Pomocou oboch procesov sa snazime o vytvorenie
polyvalentnej, organizacnej a funkénej jednotky - s ¢o
najvacsim poctom vySetrovacich postupov (napr. zave-
denie jednej konsolidovanej automatickej/robotizovanej
platformy do core laboratoria). Jedna sa o reStruktu-
ralizaciu v ramci jedného miesta vykonu - pod jednou
strechou - v kone¢nom dosledku vytvorenie oddelenia
laboratornej mediciny. Ide o typicku restrukturalizaciu
laboratorii z ,nemocni¢ného prostredia“ - ako priklad
mozZe sluzit vytvorenie Kliniky laboratornej mediciny
v NsP akademika L.Dérera v Bratislave. Podobne je
mozné postupovat v ramci dalSich vacsich nemocni¢nych
ale aj nie nemocni¢nych laboratorii.

Centralizacia je proces prepojenie viacerych, doteraz
nezavislych, laboratorii (miest vykonu), v zmysle vy-
tvorenia bud siefovej alebo pyramidovej, ale v kazdom
pripade centralne riadenej Struktury, ked pod centralnu
kontrolu dostavame vac¢§i pocCet laboratoérii v priestore
urcitého regionu.

KTucovymi ciel'mi je v oboch pripadoch je Standardi-
zacia, kvalita a kontrola nakladov. Jedna sa vSak o dva
rozdielne procesy. Kazdy z nich ma svoje S$pecifika.
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Chceme zdoraznit, ze vyuzitie oboch z nich v restruktu-
ralizacii firmy predstavuje unikatnost takéhoto riesenia
v ramci celej strednej a vychodnej Europy.

Poskytovatelia zdravotnej starostlivosti, najma sukrom-
ni, vyvijaju vel'ku snahu, aby vyuzivali najmodernejSie
technologie a akreditovali pracoviska podla medzina-
rodnych noriem za ucelom poskytnutia pacientom v SR
¢o najkvalitnejsie sluzby. Tento proces si vyzaduje vela
zdrojov.

Tato snaha o progres nie je zatial zo strany zdra-
votnych poistovni opdtovand. Sme toho nazoru, Ze
zdravotné poistovne by mali prispdosobovat svoj pristup
novym trendom, ¢im by umoznili poskytovanie zdravot-
nej starostlivosti vo vysSej kvalite a za niZSie naklady.
Preslapovanie na mieste v tejto oblasti povazujeme do
buducnosti za problematické.

ODPORUCENIA

V ramci implementacie stratégie reStrukturalizacie

a by bolo vhodné venovat pozornost:

1. manazmentu zmeny v suvislosti s problematikou rastu

firmy,

excelentnym procesom,

radiofrekvencnej identifikacii,

automatizacii bakteriologickej diagnostiky,

integrovanej laboratornej diagnostike,

prenosu rizika v oblasti biznisu,

POCT v suvislosti s poskytovanim laboratérnej diagnos-

tiky,

8. kontrole kvality genetickej ( zapojit sa do aktivit v ramci
EuroGenu), imunologickej, mikrobiologickej, hematolo-
gickej a POCT diagnostiky,

9. indikatorom kvality a financovania laboratérnej dia-
gnostiky,

10. mikro¢ipovym a mikrofluidickym technologiam a mole-
kularne biologickym technikam,

11. cost benefit pristupu k hodnoteniu laboratornej diagnos-
tiky v ramci retazca.

NN RE LD

K reStrukturalizacii treba motivovat jednak jej po-
skytovatelov, jednak jej financovatelov zdravotnickej
starostlivosti. Motivaciu poskytovatelov pre kvalitnu
laboratornu diagnostiku predstavuje vytvorenie trans-
parentnej sutaze na zaklade definovanych indikatorov
kvality. Motivaciu k usporam predstavuje moznost
presunu limitov medzi jednotlivymi regionmi v ramci
retfazca zo strany poisfovni na strane jednej a ponuka
zabezpecenia vacSieho objemu laboratérnej diagnostiky
v nezmenenej kvalite za nezmeneného objemu pontuka-
nych limitov zo strany poskytovatelov na strane druhej.
Uzatvoreny koniec financovania laboratornej diagnostiky
predstavuje fundholding indikujucich lekarov spolo¢ne
so zmluvnym zavdzkom dodrzZiavat zasad racionalnej
indikacie laboratornych vySetreni a definitivne urcenie
zakonnou formou, na ¢o a pri akej diagndéze ma pacient
narok z verejného zdravotného poistenia.
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REFERENCNE HODNOTY
U PATOLOGICKYCH STAVOV:
PROBLEMATIKA INTERPRETACNYCH STRATEGII
LABORATORNEHO NALEZU

GUSTAYV KOVAC! 2, ANNA PORUBENOVA?

Institut laboratornej diagnostiky Alpha medical a.s.
2Ustav chémie, klinickej biochémie a laboratornej mediciny,
SZU, Bratislava

UVOD

Uloha klinického laboratdria sa posuva od prezentacie
laboratérnych dat k prezentacii laboratornej informacie.
Cielom prispevku je pokusit sa v tomto kontexte
o zhodnotenie vyznamu patologickych referenénych
hodno6t a ukazat ich sucasné postavenie v svetle novych
poznatkov.

METODIKA

V prispevku sa zaoberame:

¢ referenénymi hodnotami zdravej populacie

¢ referenénymi hodnotami patologickej populacie

e vlastnymi skusenostami z stanovenia patologickych
referen¢nych hodno6t u nemocniénej populacie - me-
novite: AST u infarktu myokardu, kalcia u endokri-
nopatii a poruch metabolizmu a cholesterolu dysli-
poproteinémii

e problematikou interpretacnych stratégii.

VYSLEDKY

Referencné hodnoty zdravej populacie

Pojem referenénych hodnét presiel vyvojom

e od normalnych

e cez fyziologické

ek referenénym.

Pojem referen¢né hodnoty zaviedli v r. 1969 finski
laboratorni experti Ralph Graesbeck a Nils Saris. Pod
referenénymi hodnotami zdravej populacie rozumieme 95
% distribucie hodnot ziskanych vySetrenim biologického
materialu zdravej populacie. Pod zdravou referenénou
populaciou rozumieme zjednoduSene povedané popu-
laciu skladajucu sa z na prvy pohlad zdravych jedincov
s normalnym fyzikalnym nalezom, ktori mézu denne
faj¢it obmedzené mnozstvo cigariet a pozivat denne
obmedzené mnoZstvo alkoholu.

Referencné hodnoty patologickej populacie

Pod pojmom patologickych referenénych hodnot
rozumieme referenéné hodnoty ziskané laboratérnym
vySetrenim biologického materialu u jedincov nemocnicnej
populacie alebo vySetrenim skupin pacientov s defino-
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vanou diagnozou. Pre ziskavanie referencnych hodnot
patologickych stavov platia tie isté postupy a definicie
ako pri ziskavani beznych referenénych hodnot.

Referencné hodnoty AST u infarktu myokardu

Referenéné hodnoty AST u infarktu myokardu sme
zistovali u pacientov hospitalizovanych na I. internej
klinike FNsP akademika L. Dérera v Bratislave. Za
ucelom ziskania prehladu sme stanovovali patologické
referenc¢né hodnoty AST osobitne pre kazdy den prie-
behu ochorenia - spolu pre prvych 6 dni. Patologické
referencné hodnoty v porovnani s referenénymi hodnotami
zdravej populacie su uvedené v Tab.¢. 1:

Patologické referenc¢né hodnoty AST u infarktu myokardu

(ukat/l)

Den Priemer SD RH N
1 1,21 1,41 0,18-5,67 107
2 2,39 2,93 0,28-6,75 102
3 1,86 1,6 0,31-6,28 83
4 1,73 2,04 0,33-1,87 53
5 1,75 2,16 0,3-8,11 32
6 1,45 1,54 0,45-6,28 17

Referencné hodnoty AST zdravej populacie
0,14-0,34 ukat/l

Referencné hodnoty kalcia endokrinopatii a poriuch metabo-
lizmu
st uvedené v Tab. ¢. 2:

Referencné hodnoty Ca u poruch metabolizmu a endokrinopatii

Povodna distribucia

Aritmeticky priemer 2,37 mmol/l

Standardna odchylka 0,18 mmol/1

Najnizsia hodnota 1,67 mmol/l

Najvyssia hodnota 2,97 mmol/l
Referencny interval

Dolna hranica 1,91 mmol/l

Horna hranica 2,69 mmol/l

Referencné hodnoty Ca u zdravej populacie

2,15-2,5 mmol/l

Referencné hodnoty cholesterolu u pacientov s dyslipoprote-
inémiami

sme zistovali u pacientov dispenzarizovanych na meta-
bolickej ambulancii Kliniky biochémie NsP akademika
L. Dérera. Ich hodnoty su uvedené v Tab. ¢. 3:
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Referencné hodnoty cholesterolu u dyslipoproteinémii Glukoza 2 5 5 15
Povodna distribucia GGT 5 13 14 38

Aritmeticky priemer 5,64 mmol/l HbAlc 3 2 3 10
Standardna odchylka 1,33 mmol/l HDL 2 6 6 17
Najnizsia hodnota 2,25 mmol/I LDH 3 10 11 29
Najvyssia hodnota 10,94 mmol/l LDHI1 3 6 7 20
Referencny interval P 3 10 10 28

Dolna hranica 3,17 mmol/l K 1 5 5 13
Horna hranica 8,43 mmol/l Na 1 1 1 3
TG 3 21 21 60

Referencné hodnoty cholesterolu u zdravej populacie K. mocova 2 8 8 2
3,1-5,2 mmol/l Hb 1 2 3 8

Leu 2 11 11 32

DISKUSIA Tromb 6 7 8 24

Hlavnym problémom referenénych hodnoét je definovat
a najst referenéné individua, ktoré by boli dostatocne
podobné pacientom, ktorych laboratorne vysledky treba
interpretovat. Idealnym pripadom by bol pacient sam
- keby sa dali porovnavat hodnoty pred a po zaciatku
choroby. Do tohto procesu zasahuju analytickd varia-
cia a biologicka intraindividualna variacia. ,Reference
change values® (referencné hodnoty zmeny) sa ziskavaju
od zdravych jedincov vySetrenim dvoch vzoriek toho
istého jedinca v dvoch rdéznych Casoch. Reference
change value/referen¢na hodnota zmeny predstavuje
rozdiel medzi hodnotou druhej a prvej vzorky. Ak je
biologicka a analyticka varidcia nahodna, distribucia
hodnot je symetrickd. Pre ,reference values“ a ,reference
change values® plati rovnaka terminologia a zakonitosti.
Pouzitim koeficientov analytickej variacie, biologickej
intraindividualnej varidcie je mozné vypocitat totalnu
intraindividualnu variaciu, ako aj referenéné hranice
zmeny pre 95 % distribucie a z nich vyplyvajuci klinicky
vyznamny rozdiel. Tieto su uvedené pre najCastejSie
hodnotené laboratorne parametre v Tab. ¢. 4:

Anat | Ansvié | Bokgicki | _BaEn | b L,

variacia % | variacia % o rozdiel %
ALT 8 15 17 48
Albumin 2 4 4 11
AP 2 10 10 28
Amylaza 2 9 9 25
Bi 4 19 19 54
Ca 1 2 3 8
Cl 1 1 2 5
Cholesterol 2 7 7 19
CK 3 23 23 65
Kreatinin 3 6 6 18
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Referen¢né hodnoty zdravej populacie definuju in-
terval, v ramci ktorého sa budu s definovanou pravde-
podobnostou nachadzat laboratorne vysledky zdravych
jedincov. Pre klinicku interpretaciu a diagnozu choroby
je nevyhnutné vediet, ako dana choroba ovplyvni labo-
ratérny vysledok. Ak existuju k dispozicii referencné
hodnoty patologickej populdcie, potom interpretacia
vysledku by nemala byt zalozena na referen¢nych hod-
notach zdravej populacie, ale na diagnostickej hodnote,
ktoru dany parameter poskytuje - senzitivite, Specificite,
pozitivnej a negativnej prediktivnej hodnote ako aj
klinicky vyznamnom rozdiele.

Kazdy kvantitativny laboratorny vysledok je nositelom
predanalytickej, analytickej a biologickej variacie. Idealny
laboratorny test by mal mat nizku hodnotu interindi-
vidualnej variacie, vysoky index individuality a malu
kriticku diferenciu.

ZAVER

1. Patologické referencné hodnoty AST u infarktu
myokardu pocas prvych 6 dni ochorenia su:

Den RH
1 0,18 -5,67
2 0,28-6,75
3 0,31-6,28
4 0,33-1,87
5 0,3-8,11
6 0,45-6,28

V porovnani s referenénymi hodnotami zdravej
populacie (0,14-0,34 ukat/1) predstavuju jednoznacny
posun doprava.




2. Patologické referenéné hodnoty vapnika u endo-
krinopatii a metabolickych poruch su:

Dolna hranica 1,91 mmol/l

2,69

Horna hranica mmol/l

V porovnani s referen¢nymi hodnotami zdravej popu-
lacie (2,15-2,50 mmol/1) je ich distribucia SirSia.

3. Patologické referencné hodnoty cholesterolu u dys-
lipoproteinémii su 3,17-8,43 mmol/l, ¢o v porovnani
s referenény mi hodnotami zdravej populacie (3,1-
5,2mmol/l) predstavuje vyznamny posun doprava.

ODPORUCENIA

Laboratorne vysetrenia sa najcastejSie vyuZivaju na
monitoring priebehu choroby a sledovanie vysledkov
terapie. V takomto pripade je prirodzenym vychodiskom
posledny laboratorny vysledok a jeho porovnanie so
sucasnym. Tu je najvodnejsSie pouzit klinicky vyznamny
rozdiel.

V pripade diagnozy novej choroby existuje obvykle
cely rad inych a vyznamnejSich informacii nez labo-
ratéorne vysledky. V takomto pripade referenéné hodnoty
zdravych predstavuju dostatoény zaklade pre klinické
rozhodovanie.

V situacii, kde pre stanovenie diagnozy existuje
k dispozicii len laboratorny vysledok (napr. skrining),
referencné hodnoty zdravych nepostacuju a narasta
vyznam patologickych referencnych hodnot. Ak pozname
distribuciu zdravych aj patologickych referen¢nych hod-
not, potom je mozné definovat optimalnu rozhodovaciu
hranicu na zaklade ROC kriviek.

Nazov referenéné hodnoty by sa nemali pouzivat
bez popisu sposobu ich ziskania a bez navodu ako ich
pouzivat. Prehlasovat referencné hodnoty za normalne
hodnoty nie je spravne. Hranice referen¢nych intervalov
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musia zohladnovat charakter distribucie. Preberat
referenéné hodnoty z inych zdrojov bez kontroly
relevancie adekvatnosti pre definované podmienky je
nepripustné.

Suhrn interpretacnych stratégii laboratérneho nalezu
znazornuje Tab. ¢. 5:

Ciel Najvhodnejsi typ RH Interpretacné limity

monitoring patologické referencné klmlf:ky vyznamny

hodnoty rozdiel
. , referencné hodnoty B

diagnéza ) referenéné intervaly
zdravych

skrinin referencné hodnoty pomocou ROC stano-

& patologické aj zdravych | veny rozhodovaci limit
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MANAZMENT POCT
VO FN OSTRAVA-PORUBA

ALENA KRNACOVA

Ustav klinickej biochémie
Fakultna nemocnica Ostrava

Motto: POCT nie je pojem, ktory by bol vseobecne
zndmy medzi zdravotnikmi. ESte menej je zndme pozadie
uspesného a ucinného vyuzivania POCT techniky.

Definicia POCT: Proces zahrnujici prevazne labo-
ratornu analyzu priamo na mieste starostlivosti o pacienta.
A prave slovo ,laboratérny“ implikuje otazky: zaSkolenie
personalu a jeho znalosti, udrZzbu pristrojov, kontrolu
kvality, preanalyticku fazu, nezhody typu vysledok verzus
klinicky stav pacienta, prenos vysledkov, archivacia dat
v informacénych systémoch, vykazovanie poistovniam...

FN Ostrava v sucasnosti vyuZiva point-of-care-testing
v oblasti biochémie cca 90 osobnych glukometroch,
7 acidobazickych analyzatoroch a 2 pristrojoch na sta-
novenie CRP.

Glukometry

Priprava na akreditaciu SAK znamenala zlom v oblasti
pouZzivania glukometrov. Oddelenia Ziadali potvrdenie
o kontrole alebo kalibracii glukometrov. Mnozili sa
staznosti na nezhodu vysledkov ziskanych z glukometrov
a vysledkov nameranych na UKB na SesnoStare (ampero-
metricky princip, GOD, plna riedend krv). Neznalost
situacie tak klinickych, ako laboratornych pracovnikov
v oblasti glukometrov bola dalS§im impulzom, aby sa
otvorila tato problematika.

Riesenie: Naplanovali sme tri etapy. V prvej bolo
cielom zmapovat situaciu, v druhej navrhnut a overit
systém kontroly kvality a v poslednej etape implementovat
kompletny systém kontroly kvality do rutinného procesu
(vratane trvalej edukacie a primeranej dokumentacie)
s koncovym stavom napojenia glukometrov do LIS/
NIS.

Prvd etapa: Zostavili sme dotazniky pre klinické
oddelenia (nazov oddelenia, kontaktna osoba, telefon,
nazov glukometra, firma, vyrobné cCislo, umiestnenie,
inventarne ¢islo, daitum kontroly) a analyzovali odpovede.
Vysledok bol 72 glukometrov od 6 firiem a 13 roznych
typov glukometrov. Ziadna kontrola pomocou firemnych
roztokov na oddeleniach.

Druhd etapa: Vypracovali sme postup na overovanie
osobnych glukometrov, ktory zohladinoval odporucenie
CSKB: , Maximdlna povolend odchylka hodnoty stanovenej
glukometrom v krvi od hodnoty stanovenej metodou vyko-
nanou v laboratoriu garanta v tej istej krvi (plazme) je
15% od cielovej hodnoty.“ Snaha bola zachovat jednotnu
matricu overenia stanovenych hodnoét - plnu krv. Zvolili
sme krv s pridavkom K3EDTA z laboratérneho procesu

74

LABORATORNA DIAGNOSTIKA 1-2/09

(na stanovenie HbAlc). Vyberali sme dve hladiny s hod-
notami cca 4 a 10 mmol/l glukozy. Cielové hodnoty sme
ziskavali pomocou uzZ spominaného analyzatora SensoStar
(GOD, riedena plna krv). VeImi rychlo sme zistili, Ze
glukometry mo6zu mat Kkalibraciu na plazmu alebo na
pInu krv. Nastal prvy problém v rozdielnosti zmeranych
hodnét i medzi samotnymi glukometrami. Hodnoty
ziskané z glukometrov kalibrovanych na plazmu boli
vys§ie i o niekol’ko mmol/l oproti cielovym hodnotam
alebo hodnotam ziskanym z glukometrov kalibrovanych
na plnu krv. Pri su¢asnom pouziti glukometrov kalibro-
vanych na plazmu a testovacich pruzkov Optium Plus,
vyrobca uvadza informaciu: ,Vysledky glukozy z plné
krve ziskané analyzatorem YSI se ndsobi hodnotou 1.12
pro dosaZeni plazma-ekvivalentnich glukozovych hodnot
ke kalibraci testovacich prouzkit pro méreni glukozy v krvi
Optium Plus.“ Kvoli porovnaniu takto ziskanych hodnot
sme delili vysledky spominanym faktorom 1.12. Hodnoty
hematokritu v pouzivanej krvi neboli stanovené a niektoré
vysledky namerané v plnej krvi a prepocitané faktorom
boli neporovnatelné (overenie koncentracie v plazme na
AU 640). Prvotna snaha o zachovanie jednotnosti matrice
bola prehodnotena. Pri glukometroch kalibrovanych na
plazmu sme zacali porovnavat ziskané hodnoty s hod-
notami K3EDTA plazmy na automatickom analyzatore
AU 640 (metoda HK). Dalsi problém nastal pri pruzkoch
firmy Johnson&Johnson a ich glukometroch kalibrovanych
na plazmu. Vyrobca uvadza interferenciu K3EDTA.
Zvolili sme krv s heparinom-Li opaf z laboratérneho
procesu (na stanovenie krvnych plynov). Zmenili sme
tiez pristroj na ziskanie cielovych hodnét, novo zakupeny
ABL 835 Flex (GOD, neriedena plna krv). Vysledkom
bola skuto¢nost, ze 26 % z overenych glukometrov sme
doporucili k vymene.

Tretia etapa: V sucCasnej dobe evidujeme 87 gluko-
metrov od 5 firiem a 10 roéznych typov. Overujeme systém
glukometer - testovaci pruzok s frekvenciou 2x rocne
a vydavame protokol o overeni. Overujeme taktieZ kazdy
novy glukometer. VSetky evidované glukometry maju
svoj ,Provozni denik pristroje“ (formular). Glukometry
kalibrované na plazmu overujeme na pristroji AU 640
(HK). Glukometry kalibrované na plnu krv overujeme
na ABL 835 Flex (GOD). Pouzivame krv s heparinatom
litnym podla typu kalibracie glukometra (plazma, plna
krv). Projekt zakupenia nemocni¢nych glukometrov
napojiteInych na LIS a NIS je v stave rieSenia.

Nedostatky v pouzivani osobnych glukometrov v nemoc-

niciach:

1. Nedodrzuje sa Ziadna kontrola kvality na oddeleniach a
ucast v kontrole na UKB nie je 100-percentna

2. Ignoruju sa Sarze testovacich pruzkov (preexpirované,
mieSanie SarZi)

3. Neznalost obmedzeni osobnych glukometrov, nedosta-
to¢na edukacia uzivatelov

4. Robzna kalibracia (plna krv, plazma) - problematické
porovnavanie vysledkov

5. Prilis vel'ka dovera v ziskané vysledky




6. Glukometry su Casto dar - nekontrolovatelnost poctu

7. Poistoviami nepreplatené stanovenia okrem ambulancii
urcitych odbornosti

9. Je prakticky nemozna dlhodoba elektronicka archivacia
vysledkov

Acidobazické analyzatory

Na rozdiel od glukometrov boli acidobazické pristroje
vzdy aspon pod ciasto¢nou superviziou laboratoria.
Viacsinou vsak laboratorni pracovnici posobili v roli
servisu a apelovali na dodrziavanie kontroly kvality.
Nakup POCT pristrojov a spotrebného materidlu si
riadia jednotlivé oddelenia sami. Z tohto hladiska je
komplikovanejSia supervizia a vSetko zavisi od komu-
nikacie a ochoty spolupracovat. Snaha UKB je zaistit
edukaciu, viest dokumentaciu, pomahat v udrzbe pristro-
jov, vykazovat vySetrenia poistovniam a predovSetkym
dohliadnuf na analyticku kvalitu.

Sucasny stav: V sucasnosti je v procese POCT
vyuzivanych 7 pristrojov od 4 roznych firiem. Pri pristro-
joch s automatickou kontrolou kvality, sa stanovuju v§etky
parametre na 2-3 hladinach kontrolnych materialov kazdych
8 hodin. V pripade manualnej kontroly kvality su vSetky
parametre stanovované minimalne 1x denne a hladiny sa
striedaju. Kazdé dva mesiace su tieto pristroje porovnavané
s cielovymi hodnotami ziskanymi v centralnom laboratoriu
pomocou Styroch pacientskych vzoriek (2 arterialne,
2 venozne) na pristroji ABL 835 Flex. Ako vnutornu po-
volenu chybu sme prevzali ,,Cilovou nejistotu méfeni pro
EHK*“ zo SEKKu. Do medzilaboratornej kontroly su od
tohto roku zapojené 4 pristroje (Stat profile CCX, OMNI
S6, Cobas b221 a Premier Gem 3000). CCX a OMNI
S6 mali 100-percentnu uspesnost. Pri Premier Gem 3000
v jednom vzorku nevyslo pH a pri Cobas b221 taktiez
v jednom vzorku nevySiel laktat. Obidva pripady rieSia
distributori analyzatorov vzhladom na fakt, Ze pristroje
takmer ukazkovo vychadzaju v zavislej internej kontrole
kvality. Nadhodnocovanie laktatu bolo zistené prave pri
kontrole na pacientskych vzorkach. ZvySné tri pristroje
Caka upgrade. Kazdy pristroj ma svoj prevadzkovy dennik,
v ktorom sa zaznamenavaju: vymeny elektrod a membran,
servis, udrzba, uchovavaju kontrolné zaznamy, manualy,
pracovné inStrukcie, certifikaty, osvedcCenia...

Preskolovanie oSetrujuceho personalu vratane pre-
analytickej faze prebieha 1x ro¢ne supervizorom, podla
potreby staniénou sestrou. Napojenie acidobazickych
pristrojov na LIS a NIS je v stave rieSenia.

Citlivé oblasti: Opakované nedostatky oSetrujuceho
personalu v oblasti preanalytickej fazy: aerobny odber,
nedostato¢na heparinizacia vzorku, statie vzorku, moni-
torovanie pacienta - kombinacia vysledkov ziskanych na
POCT a v laboratoriu (FNO nema potrubnu postu). Na
niektorych oddeleniach chyba vécsia zodpovednost za tieto
pristroje. Zo servisnych zasahov cca 90 % pada na supervi-
zora, zvySnych 10 % na firemny servis. Nie je zabezpeceny
prenos dat do LIS/NIS. Oddelenia vedu zaznamy o pocte
vySetreni a nasledujuci den tento zaznam posielaju na
UKB, aby bol zadany do LIS a vyuétovany.
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CRP pristroje

Problematika tykajuca sa prevazne praktickych
lekarov. Aby sa dosiahlo dodrziavanie kontroly kvality
u tychto pristrojov a ich spravne vyuzivanie, plati v CR
nasledujuce pravidlo: VySetrenia je mozné vykazovat
poistovni len pri dolozenej ucasti na uvodnom odbornom
certifikovanom §koleni o tejto metdde usporadivanom
na akreditovanom pracovisku v spolupraci odbornych
spolo¢nosti a pracovisk zaistujucich postgradualne
vzdelavanie podla jednotnej metodiky. Pri uskutocnovani
vykonu bude reSpektované Odporucenie odbornych
spolo¢nosti o analyze laboratérnych vySetreni v rezimu
POCT a bude zaistend vnutorna kontrola kvality, vra-
tane riadne vedeného zaznamu o nej a ucast v systéme
medzilaboratornych porovnavacich skusok (externé
hodnotenie kvality).

Sucasny stav: I ked v nemocnici su len dva tieto
pristroje, postoj k nim zatial nie je zrovna idedlny.
Zavisla interna kontrola kvality prebieha s kazdym
novym kitom (cca kazdych 14 dni) a je zaznamenavana
v denniku pristroja. Do externej kontroly kvality nie su
pristroje prihlasené. Porovnavanie ziskanych vysledkov
s cielovymi hodnotami z laboratoria si nepravidelné.

Na ¢om pracujeme v ramci zlepSovania manazmentu
POCT vo FNO:

¢ Vydanie zakladného celonemocni¢ného dokumentu
pojednavajuceho o problematike POCT v nemoc-
nici (nastavenie pravidiel v oblasti nakupu POCT,
pouZivania, servisu, finan¢nych analyz a povinnosti
UKB a oddeleni vo¢i POCT)

¢ Vytvorenie POCT timu

¢ Nutnost opakovaného Skolenia oSetrujuceho perso-
nalu v oblasti preanalytickej faze

¢ Prepojenie pristrojov s LIS a NIS

¢ Planujeme finan¢no-prevadzkové analyzy zamerané
na zefektivnenie vyuzivania POCT

¢ Po upgrade acidobazickych pristrojov, zapojenie do
medzilaboratornej kontroly kvality

e Zapojenie pristrojov na stanovenie CRP do medzila-
boratornej kontroly kvality

e Novy problém - poistovne planuju preplacat len 4
ABR vySetrenia na pacienta (podmienka zadoku-
mentovaf reakciu lekara na dany vysledok)

ZAVER

POCT musi byt chapané ako riadeny proces s vysokym
podielom zodpovednosti laboratérnych pracovnikov.
Z vlastnych skusenosti predovSetkym odporucame ¢o
najskor definovat vSetky pravidla a vydat celonemocni¢ny
dokument POCT a vytvorit POCT tim (predpokladom je
podpora vedenia nemocnice). Ulah¢i to medziodborovu
spolupracu, rieSenie problémov, zavedenie jednotného
pristupu k POCT v celom zdravotnickom zariadeni
a pomoZe sa odstranit chaos v tejto problematike.
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AKO NAS VIDIA Ti DRUHI, ALEBO CO SA
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SUHRN

Autori uvadzaju vysledky ankety vykonanej pocas aka-
demickych rokov 2006/7, 2007/8 a 2008/9 medzi
Studentkami dial'kového S$tudia v Studijnom odbore
oSetrovatelstvo, ktoré odpovedali na otazku: ,vy-
menujte aspon tri najzavaznejSie problémy pri vasej
spolupraci s oddeleniami laboratornej diagnostiky*.
Z 217 studentiek, ktoré mali priemernu dizku praxe
12,9+7,3 roku odpovedalo 166 (76,5%) opytanych.
Okrem 15 pozitivhych konStatovani (3,6 %) o dobrej
spolupraci, uviedli celkove 396 problémov tykajucich
sa celého laboratorneho cyku. Najviac odpovedi sa
tykalo postanalytickej (41,4 %) a predanalytickej fazy
(39,2 %) na ktorych sa sestry v uritych ¢innostiach aj
priamo podielaju. Kriticky hodnotili aj vlastné chyby pri
oznaceni (18 vyjadreni) a odbere (28) vzoriek, kde vidia
najcCastejSi zdroj chyb v predanalytickej faze. VSimali si
aj diskrepancie vo vysledkoch pri opakovanych testoch
a technické problémy laboratorii (chyby v analytickej
faze - 8,0 %). V postanalytickej faze boli konStatované
aj tri najcCastejSie ponosy na pracu laboratéria: DIlhé
Cakanie na vysledky ,statimovych® vySetreni a infor-
movanie o ich vysledkoch az po urgencii (spolu 52x);
dlhé cakanie na vysledky ,Specialnych® vySetreni (43-
krat); a neochotna az agresivna telefonickd komunika-
cia (35x). Niektoré z problémov trapili skor sestry na
16zkovych oddeleniach a iné prevladali v ambulantnej
sfére. Takisto boli zistené charakteristické rozdiely medzi
jednotlivymi typmi oddeleni. Z ankety vyplyva nutnost
kontinualnej edukécie, trvalé zlepSovanie komunikacie
medzi laboratériom a klinickymi pracoviskami - hlavne
pri najcastejSom priamom telefonickom kontakte. Mnohé
zo zistenych problémov su pomerne lahko odstranitelné
zlepSenim spoluprace, ktora je podstatou zniZovania
chyb v predanalytickej a postanalytickej faze. Anketa
vyvracia mnohé myty o praci sestier a poukazuje na
skutocnost, Ze su dolezity aktivny prvok v laboratornej
diagnostike. Tato anketa by snad mohla byt inSpiraciou
pre podobné, ale aj podrobnejSie prieskumy na jednot-
livych laboratérnych pracoviskach.

Klucové slova: Anketa, chyby v laboratornej diagnostike,
predanalyticka faza, analyticka faza, postanalyticka faza,
kvalita laboratdérnej diagnostiky, komunikacia medzi labo-
ratériom a klinickymi pracoviskami, transport biologického
materialu, akutna ,statim“ laboratorna diagnostika.
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UvVOD

V laboratériu sa len zriedka osobne stretdvame s pa-
cientom, ktory je hlavny ciel nasho snazenia a vyznamny
motivujuci faktor pre kvalitu zdravotnej starostlivosti.
Pretoze v laboratoriach tento motivaény faktor chyba,
potrebujeme aj iné mechanizmy na sledovanie kvality.
Nasa praca je hlavne sluzba pre pracoviska, ktoré nam
posielaju vzorky na analyzy. Zriedka mame spatnu
viazbu, ktora by nam pomahala zistit problémy suvi-
siace s nekvalitou a tak usmernit systém prace nasho
laboratoria (naSich pracovnikov).

Pred viac ako desafro¢im (1997) Plebani a Car-
raro [!] zistili, Ze v ramci laboratornej diagnostiky
vznikd v predanalytickej faze 68,2 %, v analytickej faze
13,3% a v postanalytickej faze 18,5% chyb. Metdédy
sledovania kvality v klinickom laboratériu su velmi
dobre prepracované a viedli k dalSiemu vyznamnému
poklesu chyb v analytickej faze. Nakol'ko oblast pre-
danalytiky a postanalytiky zostava aj nadalej problémom,
povaZujeme za potrebné venovat im zvySenu pozornost.
Hodnotenie tychto dvoch casti laboratérnej diagnostiky
je zlozitejSie. MozZe sa vykonavat napriklad pomocou
priameho zisfovania indikatorov kvality [2]. Aka je kvalita
laboratornej diagnostiky, sa da usudzovat aj z pohladov
nasSich priamych spolupracovnikov z klinickych oddeleni
[3]. Tieto nazory mozeme zistit jednoduchou metodou
pouZivanou na prieskumy v oSetrovatelstve, ktorou je
anketa [4].

CIEL PRACE

Sestry na oddeleniach nemocnic a v ambulanciach
su tie, ktoré vykonavaju prevaznu cast odberov, vypisuju
ziadanky a tak zabezpecCuju podstatnu cast predanalyt-
ickej fazy mimo laboratérium. Okrem toho komunikuju
s laboratoriom a zabezpecuju registraciu a zaloZenie
vysledkov do chorobopisu ¢i karty, ¢im sa podielaju aj
na postanalytickej faze. Cielom nasho prispevku bolo
pomocou jednoduchej ankety urobit zakladnu sondu
a primarnu analyzu pohladu na kvalitu prace laboratorii
prave u tejto skupiny zdravotnickych pracovnikov.

MATERIAL A METODA

Pocas troch akademickych rokov 2006/7, 2007/8
a 2008/9 sme anketovali 217 Studentiek dialkovej formy
I. stupna vysokoSkolského Studia - sestra (bakalarka).
Viacsina z nich pochadzala z regiénu vychodného
Slovenska. Na anketu obsahujucu jedinu otazku tyka-
jucu sa laboratornej diagnostiky: ,vymenujte aspon tri
najzavaznejSie problémy pri vasej spolupraci s oddeleniami
laboratornej diagnostiky“ aktivne odpovedalo 166, ¢o
bolo 76,5% opytanych. Sucasne sme sa spytali na dizku
praxe a typ oddelenia (16zZko alebo ambulancia). Uvedo-
mujeme si, Ze takto postavena anketa je velmi struéna
a malo komplexna. Formulacia otazky bola smerovana




len na odhalenie najvypuklejSich problémov a ako
sonda pre mozny podrobnejsi prieskum. Sme si vedomi,
Ze nedostatone vyjadrovala pozitivne aspekty prace
laboratorii. Napriek tomu 15 respondentiek poukazalo
na dobru spolupracu ich oddelenia s laboratériom
a neuviedlo ziadne problémy. Z mnohych odpovedi
sestier vyplyval zdujem o rieSenie problémov pri svojej
kazdodennej praci a aktivny, kvalifikovany pristup.

PretoZe sestry pochadzali z viacerych pracovisk,
posudzované boli laboratoria v pomerne velkej geogra-
fickej oblasti. Preto vysledky musime hodnotit ako jeden
z moznych uhlov pohladu na laboratéria na vychodnom
Slovensku.

Zastupenie jednotlivych oddeleni v anketovanej
skupine bolo velmi §iroké preto sme ich zoradili do
niekol'kych skupin (ako ukazuje tabul'ka 1). Posudzované
skupiny mali niektoré spolo¢né charakteristiky a boli
dostato¢ne velké pre Statistické hodnotenie.

Tabul'ka 1. Rozdelenie podl'a skupin pracovisk
a miera aktivne odpovedajucich sestier

. po- odpo- %
Oddelenie cet | vedalo | odpovedi
Manazment, administrativa 6 5 83,3%
Osetrovatelské agentury 8 8 100,0 %
Dialyza, nefrologia o
a transplanta¢né oddelenia 8 7 87,5%
Neurologia 9 9 100,0 %
Gynekolvoglcke a urologické 10 9 90.0%
oddelenia
Ambulanrcg praktického lekara, T 7 63.6%
stomatologia
thrurgla a sestry na opera¢nych 15 13 86.7%
salach
Traumatoldgia a ortopédia 17 12 70,6 %
Detské oddelenie 17 13 76,5 %
J edgotlfy intenzivnej sttar_osth- 21 16 76.2%
vosti, zachranka, anestézia
Ger}atna}, psychlgtrla,. pracoviska 27 19 70.4%
socialnej starostlivosti
Iné oddelenia (hematologia, o
onkologia, rehabilitacia a iné) 30 2 70,0%
Interné oddelenia rézneho typu

. . . 31 9%
(kardioldgia, diabetoldgia) 26 83.9%
neuvedené 7 1 14,3 %
Celkovo 217 166 76,5%

V naSej skupine bolo 102 sestier zamestnanych pri
16zku (v nemocnici) a 64 v ambulantnej sfére (alebo na
inych usekoch zdravotnej starostlivosti). Po¢ty odpovedi
z nerovnako velkych skupin sme normalizovali na
percentualny udaj. Percentualne zastupenie odpovedi
medzi 45-55 % hodnotime ako nevyrazny rozdiel medzi
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skupinami. Takato zhoda sa najcastejSie dosahovala, ak
problém bol spésobeny v laboratoriu.

Pracovné skisenosti sestier boli rozdielne. Zo 190
odpovedi (27 neuviedlo dizku praxe) vychadza priemerna
dizka praxe 12,9%7,3 roku - rozpitie od 1 do 33 rokov
(median - 11 rokov).

Aj ked v zadani ankety sa vyzadovalo pomenovat
3 problémy, poéet odpovedi kolisal od 0 do 8. Zial,
3 a viac problémov vymenovalo, a zadanie tak plne
splnilo, len 63 z 217 (t.j. 29%). Je mozné, ze 102 re-
spondentiek (47 %), ktoré uviedli len 1-2 problémy,
v skuto¢nosti ani viaceré nedostatky nepozorovali.
Pomenovanie problémov nebolo klasifikované podla
zavaznosti. PoCet anketovanych sestier sa v skupinach
s rozdielnou dizkou praxe menil (tabulka 2 a graf 1).
Pocet odpovedi na jednu anketovanu sestru sa tesne
pohyboval okolo priemeru 1,8 a nezavisel od dizky
praxe. Anketu, ¢o do poCtu odpovedi, mézeme hodnotit
ako stredne uspesnu.

Tabulka 2. Rozdelenie anketovanych sestier

podrla dizky praxe
Charakteris-
tika/dizka praxe | 1-5 | 6-10 | 11-15 | 16-20 | 21-25 | >25 | ? | SUM
[roky]
pocet anketo-

, . 31 61 39 27 18 14|27 217
vanych sestier

pocet odpovedi | 55 | 123 | 66 51 33 27 | 40 | 395

pocet odpovedi
na anketovani L8120 | 17 1,9 L8 [ 1915 L8
sestru

Graf 1. Rozdelenie respondentiek
podla dlzky praxe a pocet odpovedi na jednu anketovanu
sestru v jednotlivych skupinach

To 1 3,0
@ poéty anketovanych sestier podla dizky praxe
© poéet odpovedi na jednu anketovani sestru

7



VYSLEDKY A DISKUSIA

Pocet vSetkych odpovedi na anketovu otazku, ktoré
charakterizovali problémy pri spolupraci s oddeleniami
laboratornej diagnostiky, bol 395. Tieto odpovede sme
nasledne analyzovali z viacerych hladisk.

Rozdelenie podla faz laboratorneho cyklu

Na predanalyticku fazy laboratorneho cyklu bolo ori-
entovanych 161 konsStatovani (39,2 %). Na mozZné chyby
suvisiace s analyzou vzoriek upozornilo 33 anketovanych
(8,0 %). Nedostatky v postanalytickej faze boli uvedené
170 krat (41,4%) a 32 odpovedi (t.j. 7,8 %) tvorili iné
problémy pri zabezpeceni prevadzky.

Uvedomujeme si, Ze subjektivne hodnotenie responden-
tiek, nie je mozné plne porovnavat so skutoc¢nou chybovostou
v laboratdriach. Pretoze upozoriuje na jav a nie je vyjadrenim
frekvencie javov (napriklad konStatovanie o zrazenej krvi
nehovori o skutoénom pocte znehodnotenych vzoriek).
Napriek tomu, podobne, ako je z literatury zname [1], aj
z ankety vyplyva, Ze najproblematickejSie su predanalyticka
a postanalytickd faza. PodrobnejSie budeme analyzovat
jednotlivé skupiny problémov uvedenych v tabulke 3.
Preberieme jednotlivé skupiny odpovedi podrobnejsie, so
zameranim na rozdiely medzi ambulantnou a nemocni¢nou
zdravotnou starostlivostou.

Tabul'ka 3. Rozdelenie vysledkov ankety podla faz
laboratorneho cyklu. Legenda: Percenta v zatvorke
predstavuju podiel na vyssie uvedenej skupine

(vytlacenej boldom)
Faza laboratorneho cyklu odpo- % zodpo-’
vede vednost
DOBRA spolupraca nemaju 15 3.6 praca labo-
problémy ’ ratoria
Predanalyticka faza 161 39,2
. , L ordinujuci
Indikacia a vyber laboratoria 10 (6,2) leKar
ngﬁf ziadanky a odber 62 | (38.5) | sestra
sanitar/sestra/
Transport 44 (27,3) | dopravna
sluzba
Predanalyticka faza labo- 45 (28.0) | laborantky

ratorna

Analyza a technické vybavenie | 33 8,0 | VS specialista

Postanalyticka faza 170 41,4
Pogta}nalytlcka faza v labo- 85 (50%) | laborantky
ratoriu
Problémy komunikacie s odd- o lfboraf] tky?

.. 85 (50%) | Ciastocne aj
eleniami

sestry

INE 'problemy pri zabezpeceni 32 7,8% | VS specialista
prevadzky
SUMA 411 100%
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Graf 2. Pocty negativnych hodnoteni
pri podrobnejsom rozdeleni laboratorneho cyklu

Indikacia a vyber laboratéria

#Vypisanie ziadanky a odber materialu

E Transport vzoriek

O Predanalyticka faza laboratérna

B Analyza a technické vybavenie

Postanalyticka faza v laboratoriu

@ Problémy komunikacie s oddeleniami a posta

B INE problémy pri zabezpeéeni prevadzky

(O DOBRA spolupraca nemaju problémy / zlep$enie

Dobra spolupraca s laboratoriami

Nie vSetky odpovede boli kritické, hoci tak znela
otazka v ankete. Vyslovene pozitivne hodnotenie bolo
v 15 pripadoch (3,7 %). Predpokladame, Ze pozitivne
hodnotenie by bolo vo vySSom percente pripadov, ak by
bola anketova otazka smerovana neutralne. V 2 pripa-
doch bolo konsStatované zlepSenie prace laboratoria po
prechode na novych vlastnikov. Nasli sme aj niekol'ko
odporucani, ktoré sa tykali jednotlivych faz laboratorneho
diagnostického procesu preto ich budeme postupne
definovat v nasledujucom texte.

Problémy predanalytickej fazy -
indikacie vySetreni a vyberu laboratoria

V 5 pripadoch bolo povazované za nevhodné vyuzivat
sluzby roéznych laboratérii ako sucast ,laboratornej
turistiky“. Na prikaz lekara sestra vzorky posiela do
vzdialeného laboratoria, aj ked rovnako dobré labo-
ratérium je v areali, kde ambulancia posobi. Tento fakt
z 86% konStatovali hlavne ambulantné sestry. Podobne
aj konStatovania o nadbyto¢nych indikaciach vySetreni
(10 odpovedi) pochadzalo z ambulancii.

Napriek tomu, Ze za tuto oblast diagnostického
procesu je zodpovedny ordinujuci lekar, je vazne, ked' si
uvedomime, Ze na problémy ,laboratdérnej turistiky®, ktora
je dost markantna, upozoriuju sestry. Mnohé z nich si
aj uvedomuju mozné vazne dosledky, ktoré z tohto faktu
vznikaju hlavne pri monitorovani tumorovych markerov
a predlzovani Cakacej doby na vysledok (TAT).

Problémy predanalytickej fazy -
vypisanie Ziadanky a odber materialu

Tato oblast je kritikou do vlastnych radov. Pozitivne
je, Ze sa respondentky nezdrahali dobrovolne uviest aj




konStatovania nedostatkov vlastnej prace, a to pomerne
vo vysokom pocte. NajzavaznejSi problém sa uvadza
nespravny postup pri odberoch - az 28 krat. Tento sa
CastejSie vyskytuje v ambulancii. Iste by tomu pomohli
manualy a Standardné odberové postupy, na ktoré, ako
z dotaznika vyplyva, upozornili dve sestry.

Druhy zavazny problém, ktory sa vyskytol 18 krat,
je chyba zapisu udajov do ziadanky. Tato bola takmer
rovnako Castd na oddeleni aj v ambulancii. Naopak,
na zvySovanie administrativnej narocnosti si stazovali
CastejSie sestry v nemocnici. Tieto su viacej zatazené, pri
narazovych odberoch. Pocet odpovedi (menej ako 5) je
vSak maly. Na nedostatok odberového materialu rovnako
v nemocnici aj ambulanciach upozornili 5x a rovnako
5x aj na mozné zameny skumaviek ¢i materialu. Tento
problém si vS§imli CastejSie sestry v ambulanciach.

Tabulka 4. Problémy predanalytickej fazy mimo laborato-
rium. (AMB) - ambulancie, (ODD) - oddelenia nemocnic.
(LAB) - laboratorium, % vyjadruje zastupenie ambulancie,
alebo oddelenia normalizované na nerovnako vel'ké skupiny

Problémy pre-
danalytickej fazy
mimo LAB

cel-

kom AMB

ODD | AMB % | ODD %

chyba zapisu
dat do ziadanky 18 6 12
sestrou

44,3% | 557%

administrativna
naro¢nost 4 1 3
zvysena

34,7% | 65,3%

nedostatok
odberového 5 2 3
materialu

51,5% | 48,5%

nespravny postup

pri odberoch 28 17 1

T,7% | 28,9%

chyba manual
a Standardy pre 2 0 2
odber

0,0% 100,0%

zamena skuma-
viek alebo iného
materialu

86,4% | 13,6%

Odpoved jednej sestry bola charakteristicka pre
tuto (a CiastoCne aj nasledujucu) Cast predanalytickej
fazy: ,Uz 6 rokov pracujem v zahrani¢i a nemala som
problémy s laboratoriom, pretoZe odbery robia laboratorni
pracovnici“. Sheppard a spol. [°] uvadzaju, ze ked sa
vykonavali odbery na urgentnom prijme vyClenenymi
laboratornymi pracovnikmi, doslo k redukcii celkového
TAT (turn around time) a kontaminacia vzoriek klesla
z 5,0% na 1,1%. Podobne sa uvadza [3], Ze podiel
znehodnotenych vzoriek je niz§i u Specializovanych
odberovych pracovnikov ako u sestier.
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Transport materialu a problémy predanalytickej fazy
v laboratoriu

Transport materialu pri slovenskom systéme odberov
- vykonavanych prevazne v ambulanciach - je Castym
zdrojom chyb. Niekedy je tazké odliSif, ¢i niektoré
z predanalytickych chyb zistenych v laboratériu (ako
je hemolyza ¢i rozbitie/strata skimavky) su sposobené
transportom, alebo pri spracovani materialu v labo-
ratoriu, alebo v pripade hemolyzy, zrazenej krvi alebo
jej nedostatku je pri¢ina sposobena odberom. Preto
ich analyzujeme (nie celkom spravne) spolo¢ne. Ako
je uvedené v tabulke 5

Tabul'ka 5. Problémy predanalytickej fazy spolocné,
v doprave a v laboratoriu. Vysvetlenie skratiek uvedené

pri tabul'ke 4
Problémy pre- cel- AMB | ODD
danalytickej fazy kom AME | ODD % %
neskoré dodanie 5 ) 3
vzoriek 51,5% | 48,5%
problémy
dopravy alebo 2 12 10
transportu ma-
terialu 65,7% | 34,3%
strata materialu
alebo sprievod- 17 7 10
ného listku 52,7% | 47,3%
zrazena krv
alebo hemolyza 24 6 18 34,7% | 65,3%
rozbitie alebo
strata skumavky 21 8 13 49,5% | 50,5%

Neskoré dodanie vzoriek nie je uvadzané tak ¢asto, ako
strata materialu ¢i sprievodného listku. Podobne aj strata
¢i rozbitie skumavky st nahodné, aj ked nie zriedkavé
javy. Preto sa vyskytuju prakticky rovnako v obidvoch
skupinach (ambulancia, oddelenie). Rozdiely nachadzame
v dal§ich dvoch vyznamnych skupinach problémov. Na
rozne dosledky transportu si stazuju CastejSie ambulancie
(65,7 %) a naopak, zrazena krv a hemolyza je problém
udavany prevazne sestrami z 16zkovych oddeleni (65,3 %).
Je to otazka kvality odberového materialu? Odpoved by
si zasluzila do buducna podrobnejSiu analyzu, pripadne
aj dlhodobé sledovanie.

Mnohé z uvedenych problémov sa daju rieSit bud
Specializovanym personalom prichadzajucim na oddelenia
(ako uz bolo povedané), alebo vytvorenim odberovych
miest pre ambulantnych pacientov v laboratoriach. Jeden
takyto pripad bol pozitivne hodnoteny aj v naSej ankete.
V pripadoch, kde to nie je mozné, je potrebné vytvorit
nielen kvalifikovany systém transportu, ale aj cielené
odporucania na prevenciu predanalytickych chyb [¢].
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Analyticka faza

Sem modzZeme zaradif pomerne malu skupinu
konsStatovani o niektorych nedostatkoch. Tieto sa
tykaju hlavne staznosti na nekvalitnu, ¢asto poruchovu
techniku. Na tento fakt bolo upozornené 14x rovnako
ambulanciami aj oddeleniami. Velmi zaujimavé je, Ze
tu nachadzame casovu zavislost. V roku 2007 bolo
9 konStatovani o zastaranej a poruchovej technike.
V roku 2008 len 5 a v roku 2009 ani jedna sestra ne-
spomenula problémy s technikou v laboratoriach, ktora
by sa prejavila v ich praci (napriklad nedodané analyzy).
Urcite stav laboratérnej technologie sa na vychodnom
Slovensku v ostatnych rokoch zlepSil, ale pretozZe
zastupenie respondentiek z jednotlivych pracovisk nie
je reprezentativne, nemozno s uvedeného vyvodzovat
zaver, ze niet o zlepSovat.

Na problém s klinikou nekoreSpondujucich vysledkov,
ktoré po vyziadanom zopakovani boli v poriadku, upo-
zornili respondentky 18 krat. Tento jav trapi CastejSie
sestry na S§pecifickych 16zkovych oddeleniach (62 %)
nez v ambulanciach.

Problémy postanalytickej fazy
Moézeme rozdelit do dvoch skupin: problémy komu-
nikacie medzi laboratériom a oddeleniami (ambulanciami)
a vlastné chyby v postanalytickej faze. Uvedomujeme si,
Ze niektoré konStatovania (ako napriklad dlha Cakacia
doba) maju pravdepodobne komplexnejSie priciny
(problém pristroja, organizacie, vyhodnotenia vysledkov
ai.). Ich zaradenie do postanalytickej fazy nie je celkom
Cisté, avSak na zaklade odpovedi z ankety ich nebolo
mozné presnejSie zaradif.
Do tejto skupiny patria aj tri najcastejSie ponosy na
pracu laboratoéria. Su to:
1. DIhé cakanie na vysledky ,Specialnych vySetreni (43) -
niekedy snad ospravedlnitelné,
2. DIhé cakanie na vysledky ,statimovych® vySetreni (35)
- zriedka ospravedlnitel'n¢,
3. Agresivna a neochotna telefonicka komunikacia (35) -
profesionalne neospravedlnitelné.
PodrobnejSie problémy tejto fazy ukazuje tabulka 6

Tabul'ka 6. Problémy postanalytickej fazy
v laboratoriu a vzajomnej komunikacie.
Vysvetlenie skratiek uvedené pri tabul'ke 4

Problémy postanalyt- cel- AMB | ODD
ickej fazy kom AMB | ODD % %
dlhé ¢akanie na

vysledky statimovych 35 4 31 17,1% | 82,9%
testov

dlhé ¢akanie na

vysledky Specialnych 43 14 29 | 43,5% | 56,5%
testov

hlya51a statimové , 17 5 12 39.9% | 60.1%
vysledky po urgovani
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agresivne telefono-

vanie (neochota) 35 15 20 | 54,4% | 45,6%
prac. LAB

LAB neupozorni na o o
chybu odberu / zapisu ? 3 6 44,3% | 35,7%
LAB neupozornina |, |, 4 | 00% | 100,0%
kriticku patolégiu

potrebl.ljeme’wac 4 | 3 34.7% | 65.3%
komunikovat

po?'leten’lei zgmena a 7 4 3 68.0% | 32.0%
necitatel'ny vysledok

nedodanie alebo o o
strata vysledku 12 6 6 61.4% | 38,6%
Yy§ledky zaslané na 4 0 4 0.0% | 100,0%
inu adresu

Ako sme uz konsStatovali, dlhé Cakanie na vysledky
»Specialnych vySetreni“ je velmi nepresné konsStatovanie
(nevieme ani aké boli tie Specidlne vySetrenia). Aj ked
tato staznost (kde mierne prevladaju oddelenia baziru-
juce prave na skorych vysledkoch) je ¢asto vysvetlitelna,
asi by bolo potrebné, aby v tejto skupine testov bolo
odberatelovi zname a dostato¢ne jasne uvedené, za aky
¢as mozno vysledok testu ocCakavat.

Velmi vazny je problém ,statimovych® vysledkov,
ktoré pochopitel'ne najviac trapia sestry na oddeleniach
(az v 82,9 %). Nielenze je to druhy najcastejsi problém
(hlasené su neskor ako za 2 hodiny) ale niekedy su
oznamené, az po urgenciach (v 17 pripadoch). Ak ti-
eto dva problémy spojime, vychadza nam, Ze staznosti
na statimové vysledky bolo az 52-krat, ¢o predstavuje
12,7 % vsetkych odpovedi!

Vysledok, z ktory nas nemilo prekvapil, a ktory stoji
za zamyslenie, je konS§tatovanie o nekorektnom jednani
laboratornych pracovnikov so sestrami pri vzajomnej
telefonickej komunikacii. Sestra na oddeleni, ¢i v am-
bulancii je de facto zakaznikom. Niekto iste namietne,
ze niekedy si za to sestry modzu sami, ked nervozne
telefonuju na stale obsadené Cislo v laboratoriu.

Neuvedomujeme si, Zial, Ze pacienta maju v bezve-
domi a doktor im nadava, ked nevie, Co ma s pacien-
tom robit. Tieto situdcie by si asi niektoré z naSich
pracovnicok mali vyskusat na vlastnej koZi aj z druhej
strany. 35 staznosti na problémy komunikacie je vela.
Na druhej strane zistujeme, Ze nie st rozdiely v poctoch
odpovedi medzi 16zkovymi a ambulantnymi sestrami. To
znamena, Ze stresovy faktor pochadzajuci z oddeleni
nie je taky vyznamny, ako sa predpoklada. Pravde-
podobne viac sa prejavuje vplyv stresu (nervozita)
pochadzajuci z laboratoria.

K problémom komunikacie mdzeme zaradit aj ne-
upozornenie na chybu odberu, alebo zvlast zavazného
nalezu (kriticky vysledok testu) hned po ich zisteni.
Spolahnutie sa na oznamenie nalezu poStou velmi
spomaluje diagnosticky proces a nenapomaha dobrym
vztahom. Tento problém sa znasobi, ak sa oznam omy-
lom poSle na inu adresu (4x).




Nedodanie, zdmena, strata a popletenie vysledku je
jav, ktory viac kritizuju sestry z ambulancii (61—68 %).
Pravdepodobne sa to deje preto, Ze dorucenie posty do
detaSovanych ambulancii byva zlozitejSie.

Iné problémy a zabezpecenie prevadzky laboratoria

Do tejto, viac menej, neurcitej skupiny sme zaradili
tie odpovede, ktoré nemali svoje jednozna¢né miesto
v predchadzajucich Castiach. Patria sem problémy
v suvislosti s informaénym syst¢émom (chybanie alebo
zlyhavanie), ktoré narusaju nielen predanalyticku, ale
hlavne postanalyticku fazu diagnostického cyklu. Neskoré
zadavanie vysledkov do NIS sme zaradili k neskoro do-
danym vysledkom (predchadzajuca cast). Poruchy NIS
sa vyskytli 12x a mali rovnaky dopad na ambulancie
aj 16Zka. Na chybajuci informacény systém si stazovali
4 respondentky. To neznamena, Ze na vSetkych ostatnych
pracoviskach je NIS k dispozicii.

Staznosti na trvalo nedostatoCny sortiment testov
v spolupracujucom laboratériu neboli Casté (5x) a trapili
len sestry z oddeleni (zrejme malych nemocnic). Pre-
chodné vypadky v sortimente testov si vS§imli len dve
respondentky. Tento problém moze mat viacero pricin.
Predpokladame, Ze na Casti neskoro dodavanych vysledkov
Specialnych vysetreni sa podielali aj iné faktory (financ¢né
problémy, nedostato¢né zasobenie a podobne).

Tabul'ka 7. Problémy iného charakteru vznikajice
najcastejsSie alebo s dopadom na laboratorium. Vysvetlenie
skratiek uvedené pri tabulke 4

Problémy cel | smB | opp | AMB | opp %
kom %

vypadky v sorti-
mente testov - 2 1 1 61,4% | 38,6%
prechodné
LAB nerobia
vSetky vySetrenia - 5 0 5 0,0% | 100,0%
trvalé
zla komunikacia
zadavanie a zlyha- 12 5 7 53.2% | 46,8%
vanie NIS
chyba nemocnicny | 1 3| 347% | 65.3%
informacny systém
nedostatoéné lim-
ity od zdravotnych 9 4 5 56,0% | 44,0%
poistovni

Posledny problém tykajuci sa nedostato¢nych limitov
od poistovni (zrejme argument niektorych laboratorii,
pri obmedzovani prevadzky) sa vyskytol 9x a trapil
priblizne rovnako sestry z oboch taborov (ambulancie
aj 16zka).
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AKké st najcastejSie problémy vybranych oddeleni
s laboratoriami

Co najviac trapi sestry z roznych oddeleni pri spo-
lupraci s laboratoriami, charakterizuje CiastoCne aj ich
§tyl prace. Vymenujme si niektoré z problémov: DIhé
Cakacie doby na vysledky urgentnych ,statim® vySetreni
udavaju ako najvacsi problém: gynekologické a urolog-
ické oddelenia (67 %), traumatologia a ortopédia (42 %)
ale aj detské oddelenie (23 %). Jedna sa o oddelenia,
ktoré vyzaduju rieSenie zavaznych a naliehavych stavov.
DIhé cakanie na vysledky Specialnych testov udavaju:
interné oddelenia (46 %), iné Specializované oddelenia
(29 %) a chirurgické oddelenia (23 %). Su to pracoviska,
kde sa najCastejSie vykonava Specialna diagnostika. Na
neochotu az agresivitu pracovnikov laboratérii si najviac
stazuju sestry z ambulancii praktického lekara a stoma-
tolégie (43 %), z neurologie (33 %) a sestry z geriatrie,
psychiatrie a pracovisk socialnej starostlivosti (32 %).
Velké odchylky v opakovanych vysledkoch si najviac
v§imli sestry z dialyzy, nefrolégie a transplantaéného
oddelenia (43 %), z jednotiek intenzivnej starostlivosti,
zachranky a anestézie (31 %). Su to tie oddelenia, kde
sa systematicky sleduju vybrané laboratorne udaje.
Nespravny postup pri odberoch vidia ako najcCastejsi
problém sestry z oSetrovatelskych agentur (50%) a
sestry z ambulancii praktického lekara a stomatologie
(43%). To iste nevyzaduje komentar.

Ako sme uz uviedli aj pri tomto hodnoteni si musime
uvedomit, Ze uvedené percenta predstavuju iba mieru
upozornenia na dany problém a nie skutoény pocet
chyb alebo vyskyt nedostatkov.

ZAVERY

Pri svojej praci sa stdvame Casto zajatcami vlastnych
rutinnych postupov. Neuvedomujeme si pomaly sa meniacu
situdciu, ktora vyzaduje zmenu nasho pristupu. Pritom
zotrvavanie v nezmenenom sposobe jednania moze byt
nebezpecné, ak si svoje nedostatky, ktoré nas znevyhodnuju
vo¢i konkurencii, uvedomime prili§ neskoro.

Ulohou tejto malej sondy bolo nastavit zrkadlo ako
nas vidia ti, s ktorymi spolupracujeme a ktori sa ¢asto
mozu rozhodnuf, ¢i nam poslu svoje vzorky.

Predstavili sme jednoduchu metédu, ako pomoct pri
zlepSovani kvality nasSej prace. Tato mala anketa by snad
ankety na jednotlivych laboratornych pracoviskach.

Sonda poukazala na niektoré zname fakty, ktoré
stale nie su vyrieSené a niekde pretrvavaju. Ukazuje
sa, Ze chybaju hlavne Skolenia a podrobné informacie
(priru¢ky a manualy) pre ambulancie a oddelenia
o0 sposoboch odberu, pripravy a transportu materialu;
dolezitost jednorazového odberového materidlu, alebo
nedostatky v ziskavani spdtnych informacii o strate
a znehodnoteni vzoriek.

Ako jeden z najzavaznejSich problémov sa zda byt
neschopnost rychlo reagovat na poziadavky oddeleni
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a to v oblasti akutnej ,statim“ diagnostiky, hlavne pri
skracovani Cakacej doby, ktora je pre mnohé oddelenia
zasadna. Z ankety vyplyva nutnost trvale zlepSovat
komunikaciu medzi laboratériom a klinickymi praco-
viskami - hlavne pri najcastejSom priamom telefonickom
kontakte. Mnoh¢ sestry si uvedomuju aj svoj podiel na
problémoch pri komunikacii a jedna napisala: ,ako sa
do laboratoria vola, tak sa z neho ozva“. Takisto ako
pri¢inu mnohych problémov sestry vidia v priliSnej
zatazi pracovnikov laboratorii, pri zvySovani ,,produktiv-
ity prace“ nad tnosnu mieru.

Mnohé z problémov s ktorymi sme sa stretli su
pomerne lahko odstranitelné zlepSenim spoluprace,
ktora je podstatou znizZovania chyb v predanalytickej
a postanalytickej faze.

Analyzou odpovedi na anketu zistujeme, Ze niektoré
dosial zauzivané myty neplatia, napriklad:

1. Nie je pravda, Ze si sestry nevSimaju kvalitu pristrojovej
techniky a ich dopad na plynulost vySetreni.

2. Nie je pravda, Ze sestry si nev§imaju aké chodia vysled-
ky u pacientov a ako zodpovedaju klinickému stavu -
spozoruju velké odchylky vo vysledkoch.

3. Nie je pravda, Ze si sestry nevSimaju negativne dosled-
ky ,laboratornej turistiky“ namiesto vyuzivania sluzieb
porovnatelného miestneho laboratoria. (predlZovanie
TAT a narusenie kontinuity sledovanych parametrov,
CastejSia strata vzoriek a vysledkov).

4. Nie je pravda, Ze sa sestry nevedia postavit kriticky aj
k vlastnym chybam a Ze im nezaleZi na dobrej spolupraci.
My v laboratéridch mame v mysleni zakédovanu
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presnost v merani (aZ na uroven poctu molekul),
a sme schopni sledovat poCty chyb a r6znym spdésobom
»zvnutra“ hodnotit nasu pracu. Mozno si malo uvedo-
mujeme, Ze ,menej presny“ pohlad na nas ,zvonku*
mozZe byt niekedy dolezitejSi. Aj ked je zaloZeny na
subjektivnych usudkoch, motivuje postoje prostredia,
v ktorom posobime a tak nielen nepriamo ovplyviuje, to
ako Casto a ako radi budu vyuzivat naSe sluzby.
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ANALYZA OLIGOKLONALNYCH PASOV
V CEREBROSPINALNOM LIKVORE U PACIENTOV
SO SUSPEKTNOU SKLEROZOU MULTIPLEX

MARTA ONDRKALOVA, TEREZIA KALNOVICOVA
PETRA HENKRICHOVA, PETER TURCANI

Prva neurologicka klinika
Lekarskej fakulty UK a FNsP Bratislava

SUHRN

Dokaz intratekalnej syntézy imunoglobulinov G (IgG)
a pritomnosti oligoklonalnych IgG pasov (OP) v ce-
rebrospinalnom likvore (CSF) je klu¢ovym nalezom na
podporu diagnézy sklerosis multiplex (SM). Predmetom
studie bolo analyzovat CSF pacientov so suspektnou SM
a porovnat analyzované biochemické a cytologické para-
metre u pacientov s pozitivnym a negativnym nalezom
CSF OP. Pritomnost CSF OP sme zistili len u 25,8 %
pacientov. V porovnani s touto skupinou, pacienti s ab-
senciou CSF OP sa vyznacovali negativnou hodnotou
intratekalnej syntézy IgG podla Reibera (RIG=0),
absenciou lymfoplazmatickych a plazmatickych buniek
v CSF a mierne zvySenou beta - albuminovou frakciou
v sére bez Statistickej vyznamnosti.

Klucové slova: Oligoklonalne IgG pasy, skleréza multi-
plex, sérum, cerebrospinalny likvor

SUMMARY

Intrathecal immunoglobulin G (IgG) synthesis and
the presence of oligoclonal bands (OCB) in the cereb-
rospinal fluid (CSF) are hallmarks of multiple sclerosis
(MS). Because of the high sensitivity of OCB test,
investigation of CSF for OCB is strongly recommended
to support the diagnosis of MS. The aim of this study
was to analyse OCB in patients with suspected MS and
to compare some biochemical parameters in both the
positive group on CSF OCB and the CSF OCB(-) group.
Our study demonstrates the presence of CSF OCB only
in 25,8 % patients. Compare to this group, CSF OP
(-) patients had RIG=0 (negative intrathecal synthesis
IgG), absence of lymphoplasmatic and plasmatic cells
in CSF and mild increased serum beta-albumin fraction
without statistic significance.

Key words: Oligoclonal IgG bands, multiple sclerosis,
serum, cerebrospinal fluid
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UVOD

Priblizne pred 70 rokmi sa zistilo, Ze protilatky
pritomné v cerebrospinalnom likvore (CSF) maju dvo-
jaky poévod, pochadzaju ,z krvi aj z cerebrospinalneho
tkaniva.“ O par rokov neskor sa pri analyze bielkovin
v CSF u pacientov s ochorenim centralneho nervového
systému (CNS), najméa u pacientov s neurosyfilisom, ale
aj so sklerézou multiplex (SM), dokazala pritomnost
zvySenych hodnot gamma globulinu, pri ich normalnych
hodnotach v sére (8). Pouzitim filtracného papiera pri
separacii proteinov v CSF a koreSpondujucom sére,
boli zvySené hladiny gamma proteinu, na rozdiel od
celkovych proteinov, ndjdené u 70 % pacientov s SM,
¢o nepriamo potvrdzovalo, Ze zdrojom tohto zvySeného
gamma globulinu je CNS (22). Tieto pozorovania boli
coskoro aplikované do praxe a stali sa sucastou diagnos-
tickych vySetreni pri neurologickych ochoreniach. Pocas
nasledujucich rokov sa vySetrovacie metody zlepSovali.
Bola objavena izoelektroforeticka fokusacia ako citliva
metoda pre separaciu proteinov. Agarova elektroforéza
odhalila pritomnost oligoklonalnych pasov (OP) u 90 %
SM pacientov. Pritomnost OP sa zistila aj u pacien-
tov s inymi zapalovymi neurologickymi ochoreniami,
a v niektorych pripadoch aj u pacientov s nezapalovymi
chorobami CNS, napr. pri degenerativnych, cerebrovas-
kularnych ochoreniach, migréne, alebo epilepsii (10).
Zaujimavé bolo zistenie, Ze u pacientov s klinickym
izolovanym syndromom, s akutnou optickou neuritidou,
ktora moze byt prvym klinickym prejavom SM, vzor
oligoklonalych pasov zostava nemenny a kazdy clovek
ma svoj charakteristicky vzorec (15). Z vySetreni CSF
u SM pacientov ma dokaz pritomnosti oligoklonalnych
IgG pasov v CSF klucové postavenie.

Do 60. rokov 20. storoCia sa diagnostika sclerosis
multiplex opierala o klinické Schumacherove diagnos-
tické kritéria, v 80. rokoch to boli Poserove kritéria,
doplnené o vtedy dostupné laboratérne a neurofyziolo-
gické vySetrenia. PretoZe tieto kritéria nezohladnovali
informacie o dynamike chorobného procesu pomocou
magnetickej rezonancie, vypracovala v roku 2001
americka spolo¢nost pre SM navrh novych diagnostic-
kych kritérii, znamych ako McDonaldove kritéria (12)
pomenované podla Iana McDonalda, ktory predsedal
medzinarodnému panelu pre diagnostiku SM, ktoré
boli revidované v roku 2005 (16) so zamerom zlepSenia
a zvySenia spolahlivosti diagnostiky SM a obmedzenia
faloSne pozitivnej diagnozy. VySetrenie OP v CSF ma
popri klinickom a MRI vySetreni postavenie dopliujucej
diagnostickej poziadavky.

V predloZenej praci sme analyzovali oligoklonalne
IgG pasy v subore pacientov so suspektnou SM za
ucelom potvrdenia tejto diagndézy a porovnavali sme
namerané biochemické a cytologické parametre medzi
skupinou pacientov s pozitivnym dékazom OP v CSF
so skupinou pacientov s absenciou OP v CSF.
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PACIENTI A METODY

Bol analyzovany subor zloZzeny zo 151 pacien-
tov s predpokladanou klinickou diagnozou skler6za
multiplex (SM) s priemernym vekom 38,2 +/- 13,2
rokov (97 zien a 54 muzov). U pacientov sa vykonalo
cytologické vysSetrenie CSF a merali sa sérové a CSF
zakladné biochemické parametre. Intratekalna syntéza
IgG sa zistovala kvalitativne vySetrenim pritomnosti
oligoklonalnych IgG pasov (OP) v sére a v CSF me-
todou izoelektrickej fokusacie na polyakrylamidovom
géle. Kvantitativne hodnotenie intratekalnej syntézy IgG
sa vykonalo pomocou Reiberovho vztahu (RIG) (17).
Koncentracia IgG a albuminu sa stanovila nefelomet-
ricky. Funkcia hematolikvorovej bariéry sa hodnotila
pomocou albuminového kvocientu QAlb (QAIlb=CSF
albumin/albumin v sére). Cytologické mikroskopické
vySetrenie likvoru: kvantitativne hodnotenie vo Fuchsovej-
Rosenthalovej komérke, pocet jadrovych elementov sa
odcital po zafarbeni kyslym fuchsinom (mononukleary,
polynukleary), pri kvalitativnhom cytologickom hodnoteni
sa pouzilo zakladné farbenie podla Pappenheima. Vy-
sledky su prezentované ako aritmeticky priemer +/- SD
a su spracované Standardnymi Statistickymi postupmi
(Kolmogorovov-Smirnov test). Vyznamnost medzi prie-
mermi bola testovana pomocou t-testu.

VYSLEDKY

V analyzovanom subore pacientov (n=151) s pred-
pokladanou klinickou diagnoézou SM sa na zaklade vy-
Setrenia CSF a séra (material zaslany z inych pracovisk
SR v obdobi od 22.10.08 do 4.3.09) zistila pritomnost
intratekalnej syntézy IgG a pritomnost oligoklonalnych
IgG pasov (OP) len u 25,8 % (39/151, 25 Zien,15 muzov)
SM pacientov. Priemerny vek tejto skupiny pacientov
(OP+) je signifikantne nizsi (34,4 +/- 10,4, (17-57),
p<0,05) ako je vek SM pacientov s absenciou OP v CSF
(39,5 +/- 13,8, (10-73 rokov)). Pocet oligoklonalnych
IgG pasov sa u SM pacientov pohyboval od 6 do 28
OP. OP(+) skupina pacientov sa v porovnani s OP(-)
skupinou vyznacovala signifikantne vy$§imi likvorovymi
hladinami IgG (p=3,78.10%) a signifikantne zvySenymi
likvorovymi hladinami celkovych bielkovin (p <0,05)
(Tab. 2). Pri elektroforéze bielkovin sa zistili signifikantné
rozdiely len v likvorovych hladinach gama-globulinov,
(zvysenie u OP(+); p=2,8.10%). Pacienti s absenciou OP
sa vyznacovali s vySSou priemernou sérovou hodnotou
beta globulinovej frakcie, ale tento rozdiel nebol signifi-
kantny (Tab. 3). Analyza cytologického vySetrenia likvoru
poukazala, Ze SM pacienti s dékazom pritomnosti OP
v CSF mali v porovnani s OP(-) skupinou signifikantne
zvySeny pocet mononuklearov (p=7,8.10 ), lymfoplaz-
matickych buniek (p=1,9.10°) a plazmatickych buniek
(p=4,9.10°) bez vyskytu neutrofilov, eozinofilov a mak-
rofagov (Tab. 4).
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Tab. 1. Frekvencia vyskytu IgG
oligoklonalnych pasov (OP) v cerebrospinalnom likvore
(CSF) u pacientov so sklerozou multiplex (SM) a pacientov
s nezapalovymi neurologickymi chorobami (OND)

v europskych krajinach

SM | OND
Krajina Cit.

OoP oP
Anglicko 95% 9% McLean et al.,, 1999
Belgicko 91% 7% | Delmotte, Gonsette (1977)
Cesko 81% 7% | Bednarova et al,, 2005
Dansko 96% 7% Sellebjerg a spol., 2000
Francuzsko 85% 5% | Bourahoui et al., 2004
Francuzsko 91% 4% Caudie et al., 2005
Norsko 100% 9% Lundig et al., 2000
Norsko 93% 4% | Mygland et al. ,2007
Portugalsko 83% 18% | Sa et al, 2005
Spanielsko 96% 1% Villar et al., 2005
Svédsko 95% | 14% | Link a Kostulas, 1983
Svédsko 88% 0 Olsson et al,, 1984
Svédsko 100% 9% | Kostulas et al., 1987
Slovinsko 89% Rot a Mesec, 2006
Srbsko 97% Dujmovic et al., 2004
Taliansko 89% Annunziata et al., 2006

Tab. 2. Biochemické parametre v sére a v cerebrospinalnom
likvore (CSF) v skupine pacientov so sklerozou multiplex (SM)
s pritomnostou (OP > 0, n=39) a bez pritomnosti oligoklonalnych

pasov (OP=0, n=112) v CSF

Parameter OoP>0 OP=0 Ref.
hodnoty
14,9 +/- 4,4
op (6-28) 0 0
11,92 +/- 2,58 11,15 +/-2,26
1¢G (6.71-7.9) (6.26-18.1) 7.0-17.0
(sérum) <7,0=2,6%, <7,0=0,9% L
>17,0=51% > 17,0 = 2,7% &
81,56 +/- 77,60 | 32,57 +/- 25,42"
(égSGF) (34-503) (10-173) I?l“/‘g
>40 = 79,5% >40 = 21,4% g
34,29 +/- 33,75 0
RIG (2,39-148) 0 me/L
CSE. 583.2+/- 609,9 | 4288 +/-230.2" | <0 400
Bielkou (335-3416) (153-1611) h
1CIKOVINY | 5430 = 48,7% >430 = 29,5% mg
, 44,45 +/- 4,65 | 43,75 +/- 4,45
Albumin |37 4 55 7y (37,1-59.2) 37-53
(sérum) 53 = 0.9% g/L
Albumin | 27423 #/-238.2 | 262,02 +/- 1550 | | oo
(OSF) (104-1568) (90-968) el
>350 = 5,1% >350 = 21,4% &
6,23 +/- 5,12 6,13 +/- 3,91
QALB (5,66-37,6) (2,13-26,4) do 7,4
>7,4=10,2 >7.4=241%
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DISKUSIA

Skler6za multiplex (SM) patri medzi najCastejSie
chronické neurologické ochorenia. SM je zapalové,
neurodegenerativne ochorenie centralneho nervového
systému, pri ktorom dochadza k demyelinizacii a axo-
nalnej strate v CNS. Na zaklade patologickej imunolo-
gickej reakcie vznika multiloZiskové poSkodenie mozgu
a miechy, ktoré sa prejavuje funkénym zneschopnenim
pacienta s typickym kolisavym priebehom. Toto ocho-
renie postihuje Tudi v produktivhom veku. Doteraz nie
je znama ucinna prevencia SM, preto je cielom usilia
vCasna diagnostika a skora terapeuticka intervencia do
patologického procesu, ktorym by sa predislo, alebo by
sa spomalil rozvoj tazkého zneschopnenia, ktoré obme-
dzuje bezné denné aktivity. V€asna a spravna diagnoza
sklerozy multiplex (SM) je klucovym faktorom, ktory
moze vyznamne ovplyvnif dalsi osud pacienta. Okrem
klinického vySetrenia a MRI a evokovanych potencialov
sa na potvrdenie diagnézy SM vyZaduje aj analyza cereb-
rospinalneho likvoru (CSF). VySetrenie CSF nadobuda

Tab. 3. Elektroforéza bielkovin v sére a v cerebrospinalnom
likvore (CSF) ) v skupine pacientov so sklerozou multiplex (SM)
s pritomnostou (OP > 0, n=39) a bez pritomnosti (OP = O,
n=112) oligoklonalnych pasov v CSF

Referencné
Parameter OP>0 OP=0 elerencne
hodnoty
sérum 61,7 +/- 4,4 61,9 +/- 3,4 52-68 %
Albumin (54,0-68,0) (53,4-68.5)
Alfa-1 3,78 +/- 0,49 | 3,88 +/-0,59 2-5 %
globulin (2,9 -4,9) (2,9-5,0)
Alfa-2 8,35+/- 1,18 8,37 +/- 1,26
globulin (7,0 -11,4) (7,0-13,0) 7-1%
Beta 11,86 +/- 1,64 | 16,67 +/- 2,19
globulin (9,0-15,0) (13,0-22,0) 9-14 %
Gama 14,32 +/- 2,73 | 13,59 +/- 1,91 12220 9
globulin (8,5-22,1) (10,0-20,5) °
cerebrospinalny likvor
realbumin 3,77 +/- 0,66 3,94 +/- 0,62
P (2,0-5,0) (1,5-7.,5) 1,85-4,5 %
Albumin 56,6 +/- 4,0 60,32 +/- 4,1
(46,4-62,5) (38,2-67,2) 52,7-68,3 %
Alfa-1 3,41 +/- 0,49 3,60 +/- 0,62
globulin (2,6-4,7) (2,9-6,1) 2,6-6,4 %
Alfa-2 - -
a ' 4,73 +/- 1,10 4,59 +/- 0,72 3.8-7.8 %
globulin (3,9-10,1) (3,9-6,3)
Beta 16,1 +/- 2,0 16,7 +/- 2,2
globulin (13,0-20,1) (13,0-22,0) 13,0-22,0 %
Gama 15,1 +/- 3,9%* 10,6 +/- 3,0
globulin (11,4-28,1) (6.0-29,9) 5,6-11,4 %
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Tab 4. Pocet bunkovych elementov v cerebrospinlnom likvore
(CSF) v skupine pacientov so sklerozou multiplex (SM)
s pritomnostou (OP > 0) a bez pritomnosti oligoklonalnych pasov

(OP=0) v CSF
Parammet OP>0 OP=0 Ref.
arameter n=15 n=40 hodnoty
| 22.54+/- 1417 | 9,07 +/-8,57
Mononukl
ononuideary (2-56) (0-45) 15/3
0,87 +/-0,72 | 0,55+/- 0,92
Polynukledry (0-2) (0-4) o
>0 =66,7% >0 =32,5%
25,1 +/- 32 27.8 +/- 6,5
M
onocyty (22-34) (20-56) 20
Lymfocyty 602 +/-50 | 644+/-133 %
malé (55-67) (0-80)
32+/-39 2,0 +/- 2,8
Lymf
ylfl?,ocyty (0-12) (0-12) o
vere >0 = 60,0% >0 = 54,0%
49+/-1,7° | 0,13+/-04
LP - bunky (1-7) (0-2) 0
0 =100% >0 = 10,8%
, 2.9+/- 11" | 011+/-038
Plazmaticke
buizkma 1exe (2-6) (0-2) 0
y >0 =100% >0 = 8,1%
(0,06 +/- 0,24) | 0,18 +/- 0,51
Neutrofily ©-1) (0-2) 0
0= 6,7% >0 =13,5%
0,16 +/- 0,36
Eozinofily 0 (0-1) 0
50 = 16,2%
0,21 +/- 0,52
Makrofagy 0 (0-2) 0
>0 = 16,2%

dolezity diagnosticky vyznam hlavne pri objaveni sa prvych
neurologickych priznakov s negativnym nalezom na MRI.
Charakteristickym likvorovym znakom u SM pacientov
je pritomnost intratekalnej syntézy imunoglobulinov
triedy IgG (IgG), ktora sa mo6zZe vyjadrit kvantitativne
pomocou IgG indexu (alebo inych navrhnutych vztahov,
napr. podla Reibera (17)) a kvalitativne pomocou dokazu
pritomnosti oligoklonalnych IgG pasov (OP). Detekcia
dvoch a viac OP v likvore bez ich nalezu v krvnom
sére poukazuje na chronicky imunopatologicky proces
prebiehajuci v nervovom tkanive. Informacie ziskané
analyzou CSF u SM pacientov nadobudaju hlavne
vyznam v diagnosticky neistych pripadoch. Likvorové
oligoklonalne IgG pasy (OP) su pozitivne u prevaznej
vacsiny SM pacientov. Frekvencia vyskytu OP v CSF
u SM pacientov v naSich geografickych podmienkach
je okolo 90-95 % (Tab. 1.).

V naSom subore pacientov sme identifikovali pritom-
nost OP v CSF len 25,8 % pacientov (Tab.2). Z tohto
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dovodu nas zaujimalo, ako sa pacienti so suspektnou
SM bez CSF OP lisia od skupiny SM pacientov, u kto-
rych bola dokazana pritomnost oligoklonalnych IgG
pasov (OP+) v CSF. V likvorologickych nalezoch u SM
(OP+) pacientov je prevazne pritomna lahka mononuk-
learna pleiocytdza, v cytologickom obraze aktivované
lymfocytarne bunky (Tab. 4). Okrem toho su v likvore
normalne alebo mierne zvySené celkové bielkoviny
(Tab.2), zvySena intratekalna syntéza IgG vyjadrena
Reiberovym vztahom (RIG) (Tab. 2), alebo gama frakcia
pri imunoelektroforéze likvoru (Tab.3). Vyznamnym
rozdielom medzi tymito dvomi skupinami pacientov je,
Ze u skupiny OP(-) v sulade s absenciou likvorovych
oligoklonalnych IgG pasov nie je potvrdena intratekalna
produkcia IgG vyjadrena Reiberovym vztahom (RIG=0)
a aktivacia lymfocytarnych buniek (Tab. 4).

Cytologicky obraz SM OP(+) pacientov poukazuje
na aktivaciu imunitného systému (Tab.4). SM sa v su-
¢asnosti povazuje za ochorenie sprostredkované Thl
bunkami (CD4+ bunky typu 1). Po svojej aktivacii
produkuju Thl lymfocyty prozapalové cytokiny (INF-
gama, TNF-alfa a beta, IL-2). Na povrchu T buniek
a na povrchu endotelidlnych buniek sa exprimuju tzv.
adhezivne molekuly, ktoré umoznia prienik T buniek
do CNS. V perivaskularnom prostredi prostrednictvom
zapalovych cytokinov sa aktivuju makrofagy, ktoré spolu
so zapalovymi cytokiinmi zodpovedaju za deStrukciu
myelinu. Aktivované T bunky zahajuju spolupracu s B
lymfocytmi, a tie sa menia na plazmatické bunky tvo-
riace protilatky.

Pre diagnozu SM je pri vySetreni cerebrospinalneho
likvoru najpodstatnej$i nalez oligoklonalnej skladby pro-
tilatok IgG pri izoelektrickej fokusacii. Tato metoda je
vysoko senzitivna, ale jej Specificta je nizsia v dosledku
mozného vyskytu oligoklonalnej skladby imunoglobulinov
aj pri inych ochoreniach. Okrem sclerosis multiplex,
pritomnost oligoklonalnych pasov moze byt zistena
aj pri inych zapalovo podmienenych ochoreniach, pri
paraneoplastickych ochoreniach, systémovom lupus
erythematodes napadajucom CNS, neurosarkoidoze,
cerebelarnej angiopatii. Mnoho infekcii CNS ako
aseptickd meningitida, neuroborelioza, neurosifilis su
v rdoznej miere spojené s pritomnostou OP. Pacienti
s dokazanymi oligoklondlnymi pasmi v likvore by mali
byt z uvedeného ddovodu testovani aj na pritomnost
protilatok proti virusom a baktériam (7).

ZAVER

Skler6za multiplex je heterogénne ochorenie, ktoré
okrem klinického obrazu a nalezov magnetickej rezo-
nancie mozgu a miechy vyZaduje pre urcenie diagnozy
SM aj vysetrenie likvoru na pritomnost oligoklonalnych
IgG pasov (CSF OP). Vo vySetrovanej skupine pacientov
so suspektnou SM sme zistili pritomnost CSF OP len
u 25,8 % pacientov. V porovnani s touto skupinou, pacienti
s absenciou CSF OP sa vyznacovali negativhou hodno-
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tou intratekalnej syntézy IgG podla Reibera (RIG=0),
absenciou lymfoplazmatickych a plazmatickych buniek
v CSF a mierne zvySenou beta-albuminovou frakciou
v sére bez Statistickej vyznamnosti.
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UvVOD

Jednym zo zakladnych predpokladov ziskania sprav-
nych vysledkov chemickych i biochemickych merani je
zabezpecenie nadvédznosti hodnot meranej veli¢iny. Po-
jem nadvéznosti ma povod v metrologii. Medzinarodny
metrologicky slovnik (VIM) [1] ju definuje ako vlastnost
vysledku merania prostrednictvom ktorej ho mozZno
vztahovat na vhodné referencie (najCastejsie etalony, vo
vSeobecnosti narodné, pripadne medzinarodné), prostred-
nictvom nepreruseného retazca porovnani s hodnotami
Standardnych neistot tvoriacimi prispevky k neistote
vysledku merania. Tieto sposoby porovnavania hodnot
reprodukovanych meradlom s hodnotami realizovanymi
etalonmi sa oznacuju ako kalibracie.

Koncepcia nadvéznosti je zaloZzena na troch zaklad-
nych pilieroch.

Prvym je idea najdokonalejSej realizacie hodnoty
(hodnét) jednotky (stupnice) danej fyzikalnej veliCiny
prostrednictvom etalonu - sofistikovaného zariadenia,
pripadne relativne vysoko stabilného artefaktu, ako
nositelov hodnot veli€iny, konvenéne povaZzovanych za
jednotkové.

Druhym je idea medzinarodnej porovnatel'nosti ta-
kychto hodnot a tretim je idea najspravnejSieho prenosu
tejto hodnoty prostrednictvom jej priameho porovnania
s inou hodnotou, a tym jej prenesenie az na uroven
praktickych merani.

Nepriame merania (ktoré v praxi tvoria viac ako
90 % vsetkych merani) vnasaju do prenosu okrem neistot
hodno6t spdsobenych vplyvovymi veli¢inami i neistoty
platnosti prislusnej funkénej zavislosti.

S prvou ideou su spojené problémy s dokonalou
realizaciou hodnoty jednotky, resp. stupnice hodnot.
Jednotky fyzikalnych veli¢in sice definované su, avSak
ich realizdcia podla definicie (minimalne v pripade
zakladnych fyzikalnych veli¢in) je velmi obtiazna ak
nie nemozna. Tieto definicie spravidla vychadzaju
z predpokladov spojenych s réoznymi abstrakciami
(najcastejsie geometrickymi). Vo vacésSine pripadov vSak
chybaju definicie prislusnych velic¢in, ktoré by mali byt
dostatoc¢ne univerzalne a formulované vhodnym kvanti-
fikovateInym sposobom.

V pripade zakladnej veliiny latkové mnoZstvo je
problémom navySe skuto¢nost, ze v definicii jej jednotky
- molu, je zahrnuta kvalitativna poZiadavka (definovanie
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entit). Chemickych entit je obrovské mnoZstvo, ktoré sa
navySe neustale zvySuje objavovanim dalSich chemickych
zlucenin, takze najst jedinu dokonale stereoSpecificku
metodu. ktora by umoznila definovat jednotku pre kazdu
chemicku entitu je nesmierne obtiazne. Z tohto dévodu
sa v chémii, mozno viac ako v oblasti fyziky vyraznejSie
prejavuje konvencionalizmus. Bohuzial, spolo¢nym znakom
konvencii je ich limitovana platnost, ku koncu ktorej
spravidla posobia kontraproduktivne a v danom pripade
existujuce konvencie ob¢as ignoruju zakladné metrologické
poziadavky, resp. poziadavky tedérie merania.

Z hladiska ¢innosti analytického laboratoria je to
vSak problém, ktory prakticky lezi mimo jeho moznosti
ovplyvnenia. Priamo sa laboratoria dotyka az druha idea
zabezpecCenia nadviznosti - zabezpecenie najspravnej-
Sieho prenosu hodnoty realizovanej etalonom.

S touto ideou tieZ suvisi problém - vyber najvhod-
nejSej metddy kalibracie a taktieZ samotnej metody
merania. Z dovodov nedostato¢nej ponuky metod
zabezpecenia prenosu hodnot jednotky sa na rovnaku
kvalitativnu uroven kladu metody odliSné z hladiska
principu formuléacie funkcnej zavislosti fyzikalnej veliiny
realizovanej etalonom (napr. CRM) a ovplyvnujucimi
fyzikalnymi veli¢inami. V dosledku nesmiernej rozma-
nitosti chemickych jedincov a teda i chemickych veli¢in
takisto zaostava zabezpecenie prenosu hodnot veli¢iny
na pozadovanej urovni spravnosti. Preto sa konvencéne
pristupuje k nahradnym rieSeniam, ktoré predstavuju
najlepSie rieSenie daného problému v danom case.

Spoloénym faktorom vSetkych realizacii chemickych
veli¢in, odliSnym od realizacie fyzikalnych veli¢in, je
kvalitativna poziadavka prvotnej identifikacie realizo-
vanej veliCiny, teda danej chemickej entity. Chemik, na
rozdiel od fyzika, si nikdy nie je uplne isty ¢i merana
veli¢ina je veli¢inou ktoru chce merat.

Okrem nutnosti zabezpeCenia tejto poziadavky si
vSak zabezpecenie nadvdznosti chemickych merani
vyzaduje i niektoré ustupky. Su sposobené existujucim
stavom poznania v danej oblasti, ktory neumoznuje
realizovat vsSetky chemické veli¢iny pomocou etaléno-
vych zariadeni.

Z tohto dovodu sa definovali tzv. primarne metédy
merania, ktoré trocha necitlivym spésobom zahfnaju
spolu s metédami ktoré mozu slazit ako etalonové
i metody inej kategodrie. I napriek tomuto ustupku, stale
ostava vel'ka cast chemickych, resp. biochemickych entit
nezabezpeCena. Preto sa pristupilo (hlavne v oblasti
biochemickych, pripadne biologickych merani) k dal§im
ustupkom. Nadvéznost sa v takychto pripadoch nerealizuje
na hodnotu veli€iny, realizovanu etalénovym zariadenim
a prostrednictvom neho na prislusny CRM, ale napriklad
na $pecialnu metddu merania. Tento fakt je zohladneny
i v medzindrodnej normativnej dokumentacii, vratane
dokumentacie kvality, a je nutné i napriek niektorym
vyhradam metrologov ho akceptovat(napr. povazovanie
pocitania kolonii v biochemickych aplikaciach za mera-
nie), i ked samotné vyhodnocovanie takéhoto procesu
prinasa so sebou urcité problémy.




Zakladnym problémom tejto oblasti je uroven po-
znania, resp. fakt, Ze v niektorych pripadoch je velmi
obtiazne hovorit o subjektoch hodnotenia ako o veli¢inach
a o prislusnej metdode hodnotenia ako o merani.

Zamerajme sa vSak najskor na tie oblasti, v ktorych
mozno jednoznaéne hovorit o veli¢inach a o merani.
Zakladnou poziadavkou merania je zabezpeCenie ka-
libracie meradla.

Kalibracia a referencné materialy

Kalibracia meradla predstavuje jediny sposob za-
bezpeCenia nadvidznosti vysledku merania ziskaného
danym meradlom.

Musime si vSak predovsetkym uvedomit, Ze zabezpe-
cenie nadviznosti este nie je zarukou ziskania spolahlivych
vysledkov - je iba ich nutnou podmienkou. Dalsim kro-
kom pri zabezpecovani spolahlivosti vysledkov merania
moze byt validacia pouzitej metdédy merania. (V oboch
tychto ¢innostiach sa vyuzivaju certifikované referencné
materialy (CRM). Pochopitelne, na CRM pouzivané
v tychto dvoch rozdielnych ¢innostiach su tiez kladené
rozdielne poZiadavky.).

Kalibracia sa uskutoc¢nuje spravidla jednym z dvoch
sposobov [2]:

¢ komparativnou metodou (referencné a porovnavacie

zariadenie pracuju bud sucasne alebo striedavo v ka-
libracnom cykle, v ramci ktorého dochadza k pria-
memu porovnaniu hodnoét veli¢iny meranej oboma
zariadeniami, s moZnostou zavedenia korekcii na
porovnavanom zariadeni)

¢ substitucnou metodou (funkény vztah medzi vystup-

nou hodnotou meracieho zariadenia a vSeobecne
akceptovanou pravou hodnotou sa stanovi nahradou
vstupnej hodnoty veli¢iny vhodnou materialovou
mierou - napr. zavazim, alebo certifikovanym refe-
ren¢nym materialom).

(Druhy spdsob zaroven uvadza vyuzitie jednej katego-
rie certifikovanych referen¢nych materialov - CRM pre
kalibracné ucely. Certifikovany referenény material teda
predstavuje artefakt, ktory je nositelom urcitej hodnoty
(alebo viacerych hodnot) fyzikalnej veliiny.) V procese
kalibracie sa stanovuju systematické rozdiely, ktoré mozu
existovat medzi meracim systémom a ,referenénym sys-
témom* reprezentovanym certifikovanym referencnym
materialom, a ich akceptované hodnoty. Zakladnym
predpokladom pochopitel'ne je, aby certifikovana hod-
nota CRM i hladana nezndma hodnota meranej vzorky
(reprezentujuce stanovovanu veliinu) boli vyjadrené
v rovnakych jednotkach, a pre oba systémy - tak CRM
ako i vzorku, platili rovnaké zavislosti medzi meranou
veli¢inou a stanovovanou veli¢inou. Tento druh CRM
plni v procese merania funkciu etalonu.

Druhu kategoriu (v sulade so zakladnymi medzi-
narodnymi predpismi, tykajucimi sa certifikovanych
referenénych materialov [3-8]) predstavuju CRM ur-
¢ené pre kontrolu jednotnosti merania (V metrolégii,
resp. vo vede vSeobecne, je zauzivanou zvyklostou, Ze
ak nevieme dostato¢ne dobre modelovat skuto¢nost,
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uchylujeme sa ku konvencii. V pripade metrologie, ak
nevieme zabezpecit realizaciu nadvaznosti v zmysle vysSie
uvedenej schémy, snazime sa ju suplovat zabezpecCenim
tzv. jednotnosti merania), tiez oznaCované ako referencné
materialy sluziace na hodnotenie spolahlivosti metody
analyzy, validaciu metddy merania, pripadne na urCenie
niektorych S§tatistickych parametrov metdédy merania,
pouZzitej pri analyze materialov charakteru blizkemu
zloZeniu prislusného CRM.

Predstavitelom takéhoto druhu CRM su okrem inych
i tzv. matricné CRM, realizované spravidla prirodnou
matricou (pody, rudy, materidly rastlinného pdvodu...),
matricou charakterizujucou vysledok vyrobného procesu
(zliatiny, trosky, skla...) s certifikovanymi hodnotami
koncentracie pozadovanej chemickej entity, pripadne
CRM iného druhu. Hodnota vlastnosti reprodukovana
prostrednictvom CRM sa zistuje medzi laboratornymi
analyzami, za ucasti viacerych laboratorii, so stochas-
tickym priradenim ,spravnej“ (konvenéne) hodnoty
reprodukovanej vlastnosti. Takyto druh referenéného
materialu je vhodny na hodnotenie a porovnavanie metod
merania, na validaciu analyz..., teda prvoradym cielom
jeho aplikacie je kontrola kvality v zmysle jednotnosti.
Tato druha kategoria referenénych materialov, na rozdiel
od prvej kategorie, sluzi na hodnotenie chemického
zloZenia materialov reprezentovanych prisluSnou mat-
ricou a na hodnotenie fyzikalnych vlastnosti (veli¢in)
sa prakticky nepouZiva. Resp. ak sa pouZiva, zloZenie
matrice sa nezistuje.

Nepriame merania
Z praktického hladiska predstavuje meranie porov-

navanie neznamej hodnoty fyzikalnej veli¢iny so znamou
hodnotou - referenciou danej veliCiny. Ak dochadza
k priamemu porovnaniu oboch hodnot, hovorime o pria-
mom merani. V praxi v§ak predstavuju priame merania
iba nepatrny zlomok celkového poctu merani. Prevaznu
vacsinu vSetkych merani tvoria nepriame merania.

V pripade nepriamych merani je predpokladom
realizacie merania existencia zavislosti

X, =FC, a, B, v, 8) (D

medzi meranou veli¢inou (hodnotou meraného
signalu, pripadne jej transformaciou na hodnotu zobra-
zovaného signalu) X, stanovovanou veli¢inou C, vonkaj-
simi vplyvovymi velic¢inami (stavové veliCiny, intenzita
elektromagnetického pola, intenzita korpuskularnych
vplyvov...) a, vplyvovymi velicinami meraného systému
(viskozita, hustota, ionova sila...) B, vplyvmi paramet-
rov meracieho systému (citlivost detektora, ucinnost
prevodnikov..., vratane eventualnej funkcie prevodnika
signalu) vy, a fyzikalnymi konStantami . Tato zavislost
ma dostatoCne vSeobecnu platnost a spravidla je funkc-
na. Pri realizacii primarnych merani sa uprednostiuje
vztah zaloZeny na niektorom zo zakladnych fyzikalnych
zakonov, modifikovany na vplyvy parametrov pouzitého
etalénového zariadenia.
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V procese kalibracie potom okrem zabezpecCenia
nadvdznosti hodnot jednotlivych veli¢in tejto tzv. ka-
libraénej funkcie tiez potvrdzujeme jej platnost.

Vysledkom kalibra¢nej procedury je teda kalibracna
funkcia, ktora sa uplatnuje pri transformacii vysledkov
buducich merani. Poskytuje pravidlo, ako priradif na-
meranej hodnote fyzikalnej veliiny (signalu) hodnotu
stanovovanej fyzikalnej veli¢iny.

V dalsom kroku potom po zmerani signalu vzorky
zistujeme z inverznej - analytickej funkcie hodnotu
stanovovanej veli¢iny C_

C. =F(X,a, B v, 95) (2)

Medzi takéto druhy metod patri v chemickych
meraniach napriklad coulometrickd metoda, alebo me-
toda zaloZena na zniZeni teploty tuhnutia meraného
roztoku.

V chémii su vSak takéto zavislosti medzi oboma
veli¢inami so vSeobecnou platnostou skor vynimkou
ako pravidlom. Spravidla je tvar zavislosti neznamy,
pripadne zavislost mdze byt stochastickd. Povazujme
zavislost za funk¢énu. Pri neznamom tvare funkcie F sa
v matematickej analyze tato nahradzuje inou funkciou
¢, ktord v ur¢itom zmysle napodobnuje funkciu F.

Problematika aproximacie funkcii je jednou zo za-
kladnych uloh numerickych metéd matematickej analyzy.
Takato funkcia ¢ sa v nej nazyva aproximacia funkcie F.
V chémii sa pri rieSeni problému navySe obmedzujeme
na zavislost iba dvoch premennych (predpoklad, zZe na
hodnotu signalu okrem meranej veli¢iny Ziadna ina veliina
nema vplyv, resp. ma konStantny vplyv v celom rozsahu
jej stanovovanych hodnot), a na relativne uzky rozsah
hodnot stanovovanej veli¢iny (koncentracie), v ktorom
sa snazime tvar zavislosti aproximovat [9]

Vo v§eobecnosti sa pri vybere aproximacie najskor voli
systém jednoduchych zakladnych funkcii ¢, ¢, ¢,,... ¢,
takych, ktoré sa lahko matematicky spracovavaju, alebo
sa s nimi dobre pracuje na pocitaci. Danu funkcii F
potom zvy€ajne aproximujeme polynémom ¢ (polynom
predstavuje linearnu kombinaciu funkcii)

o(c) =a, 9,c) +a, ¢/fc)+. +a, ¢/() (3)

Z pohladu matematickej analyzy je tento postup uplne
korektny a je v sulade s tzv. Weierstrassovym teorémom,
podla ktorého mozno Iubovolni matematicku funkciu
s dostato¢nou presnostou aproximovat polynémom.

PretoZe aproximacia ¢ dana vyrazom (3) zavisi na
parametroch (koeficientoch) a, a,..a, linearne, hovori-
me, Ze tento vztah predstavuje aproximaciu linearneho
typu. Otazka vyberu aproximacie sa potom prevadza na
urCenie hodnot parametrov a,

Inym typom aproximacii su aproximacie nelinearneho
typu (pomocou racionalnych funkcii), ktorych rieSenie
je spravidla znaéne komplikovanejSie ako v pripade
linearnych aproximacii.
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Otazka vyberu aproximujucej funkcie suvisi s chybou
aproximacie E(c)

E(c) = F(c) - ¢(c) (4)

Pochopitel'ne, funkciu ¢ sa snazime vybrat tak, aby
bola chyba aproximacie minimalna.

Moznosti ako posudzovat hodnotu funkcie E v relativ-
ne uzkom rozsahu hodnot stanovovanej veliiny je cela
rada. (Mo6zeme napriklad pozadovat, aby tato hodnota
bola v ramci celého rozsahu hodndt stanovovanej veli-
¢iny mensSia ako nejaké dané Cislo g, pripadne aby bola
mala hodnota integralu funkcie £ v danom intervale...).
RozliSujeme pri tom dva zakladné druhy pristupu k hod-
noteniu kritérii chyby aproximacie - podla toho, Ci sa
posudzuje vo vSetkych bodoch (spojity pripad), alebo
len vo vybranom subore bodov (diskrétny pripad).

Predpokladajme, zZe sme pre posudzovanie chyby
aproximacie zvolili kritérium vSeobecného tvaru

|p(F, (p)| > (, také, Ze plati

0 <p(E 9*) < p(E @) (3)

kde ¢* predstavuje najlepSiu aproximaciu. Je vSak
potrebné brat do uvahy, ze z praktického hladiska je
spravidla primarnou poziadavkou, aby bola chyba apro-
ximacie menSia ako urcité ¢islo (pozadovana presnost).
Na splnenie tejto poziadavky nie je vzdy nutné pouzivat
najlep§iu aproximaciu (obcas je to i neefektivne).

V spojitom pripade sa chyba aproximacie hodnoti
napr. pomocou veli¢iny

p(F @)= | Fc) - o(c) |7 de)», p> 1, (6)
V praxi je najpouzivanejSie kritérium
p(E @) =( | Fo)- o(c) | de)” @)

NajlepsSia aproximacia sa podla tohto kritéria nazyva
najlepsia L, - aproximacia. Niekedy je vyhodné toto
kritérium prisposobit rieSenej ulohe tak, aby sa v nom
vyraznejSie uplatinovali hodnoty chyby aproximacie
v niektorych Castiach uvazovaného intervalu. MozZno
to dosiahnut pouzitim veli¢iny

po(E o) = | Flo)-oc) |* alc) de)”
(8)

kde o predstavuje spojitu a kladnu funkciu na da-
nom intervale hodnét, nazyvanu vahova funkcia, ktora
uvedené lepSie prispésobenie umoznuje.

Kritéria spojitého typu sa uplatnuju hlavne v pripade
funkcii zadanych analytickym vyrazom. Pri spracovani
vysledkov merania a v rade numerickych metéd mate-
matickej analyzy sa pouZivaju ich diskrétne analogie.

V diskrétnom pripade moze byt funkcia F, ktoru ch-
ceme aproximovat, zadana roznymi sposobmi. V pripade
nameranych hodnét, zapisanych do tabulky




{(c, F(c)), i=0, 1 .., m}
prechadza vztah (8) do podoby

p"(E ) = (| F(c) - 9(c)| )" 9)

alebo

p",(E ¢) = (Z| F(c) - o(c) | 0)” (10)
kde vahy o, predstavuju pevne zvolené Cisla. Pri

tomto postupe predpokladame, Ze namerané hodnoty

predstavuju exaktné odozvy hodnot prislusnej stanovo-

vanej veliéiny.

NajlepSie aproximacie sa oznacuju ako najlepSie
diskrétne aproximacie. Najlepsia diskrétna L, - aproxi-
macia sa tieZ nazyva aproximacia metodou najmensich
stvorcov (pozri vztah 8 alebo 10).

Ako uz bolo uvedené, ako aproximujuca funkcia sa
velmi Casto pouZivaju polynomy (hlavne v pripadoch
ked nie je znamy racionalny vztah medzi premennymi),
ktoré v danych bodoch nadobudaju danych hodnot
odpovedajucich pévodnej, neznamej funkcii. Pomocou
nich mozno spojiti funkciu aproximovaf s réznou
urovilou presnosti.

Pri tomto pristupe je potrebné paméitat na to, ze
povodny fyzikalny problém sa zredukoval na ¢isto
matematicku zalezitost a ziskané koeficienty poly-
nomu nemaju Ziaden fyzikalny zmysel, ani suvislost
s hodnotami vplyvovych veli¢in. Vysledné rieSenie totiz
nepredstavuje matematicku formu zavislosti hladanej
fyzikalnej veliCiny, ale iba optimalny tvar zavislosti
hodnot hladanej veliCiny na hodnotach zobrazovanej
veli¢iny, bez preciznejSej poziadavky na exaktnost hodnot
zobrazovanej veli¢iny. Z metrologického, alebo fyzikal-
neho hladiska dosSlo totiz k drastickej zmene situacie,
ked povodna zavislost viacerych premennych (veli¢in)
sa zredukovala na zavislost dvoch premennych (signal
verzus merana veli¢ina).

Prakticky postup

Pri praktickej realizacii aproximacie sa v chémii
vychadza zo suboru nameranych hodnot signalov latok
podobného zloZenia ako ma analyzovana latka, ktorych
hodnoty stanovovanej veli¢iny dostato¢ne dobre pozname
- kalibra¢nych vzoriek, pripravenych z certifikovanych
referencnych materidlov. Rozsah hodndt stanovovanej
veliCiny v kalibracnych vzorkach sa voli taky, aby pokryl
ocakavanu hodnotu stanovovanej veli¢iny v analyzovanej
latke. Samotna formulacia zavislosti vSak predstavuje
iba prvy krok v procese analyzy, resp. interpretacie
samotného merania, pretoZze ako hodnoty koncentracie
a signalov kalibra¢nych vzoriek pouzitych na vytvorenie
analytickej, resp. kalibracnej zavislosti, tak i hodnoty
nameraného signalu analyzovanej latky maju vplyv na
vysledok stanovovanej hodnoty veli¢iny analyzovanej
latky a jeho Standardnu neistotu.

Procedura interpretacie takéhoto druhu merania
zahfna nasledovné kroky:
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a) Specifikacia analytického rozsahu, t.j. rozsahu koncen-
tracii kalibracnych roztokov a prijatelnej urovne neisto-
ty vysledku.

b) Specifikacia podmienok merania (teplota, ...).

¢) Specifikacia typu matematickej funkcie, ktora sa pouzije
ako analyticka funkcia C = G(X)

Napr.

linearna funkcia

C=b,+b,X (11)
polynom druhého stupna

C=b,+b, X+b,X (12)
polynom tretieho stupna

C=b,+b, X+b,X+b X (13)
mocninova funkcia

C=b,+b X° (14)
exponencialna funkcia

C=1b,+ bexp(b, X) (15)

Ustrednym bodom problému aproximacie je kritérium
pre volbu parametrov aproximacnej funkcie.

Parametre b analytickej funkcie sa stanovuju regres-
nou analyzou zo suboru kalibracnych udajov, ziskanych
z nameranych hodnét kalibraénych roztokov.

d) Specifikacia poétu pozadovanych kalibraénych bodov
n, v zavislosti na type matematickej funkcie, ktora sa
pouzije ako analyticka funkcia.

Odporucany minimalny pocet bodov pre jednotlivé
typy uvazovanych funkcii je nasledovny:

3 pre linearnu funkciu

S pre polyném druhého stupna

7 pre polynom tretieho stupna

5 pre mocninovu funkciu

5 pre exponencialnu funkciu.

e) Vyber (priprava) kalibracnych roztokov v sulade s po-
ziadavkou bodu a).

f) odhad Standardnych neistot kalibracnych roztokov u (c,).
Tieto roztoky sa spravidla pripravuju zriedovanim

zasobného roztoku (CRM, napr. roztok kovového iénu

s deklarovanou hodnotou koncentracie, Standardnou

neistotou a definovanou nadvédznostou,...). Pred pripra-

vou kalibraénych roztokov je vhodné najskor vytvorit
schému zriedovania zasobného roztoku

zasobny roztok (napr. s ¢ = 1000 mg.l")

zriedenie /:z, (napr. 1:10)
zriedenie /:z, (napr. 1:20)
zriedenie /:z, (napr. 1:10)
0,5 ¢, (0,5 mg.I'")
zriedenie /:z, (napr. 1: 5)
0,1 c atd.

Na vypocet neistoty spojenej s kazdou z koncentracii

C,, C,... je nevyhnutné neistotu v zriedovacom retazci

1°
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a tieto neistoty kombinovaf s neistotou hodnoty kon-
centracie zasobného roztoku. V procese zriedovania sa
vyskytuju tri zdroje neistét - teplota, opakovatelnost
a neistoty objemu odmernych nadob.

Pocas zriedovania bude teplota v podstate konStantna,
takze vplyv teplotnych zmien na jednotlivé zriedovacie
stupne neuvazujeme. AvSak vysledna koncentracia pri
teplote kalibracie odmernych nadob bude ovplyvnena
teplotnym rozdielom. Neistoty sposobené opakovatelnos-
fou sa odhadnu zo smerodajnej odchylky ziskané z opa-
kovaného procesu vazenia nominalnych objemov.

Ku ziskaniu neistdét pre kazdy zriedovaci krok je
najjednoduchsie pristupovat ku kazdému

kroku ako k aplikacii zriedovacieho faktora, tvore-
ného objemami dvoch odmernych nadob, pouZitych
v kazdom kroku. Pretoze v kazdom zriedovacom kroku
sa vyskytuje neistota spojena s pociatoCnym a vysled-
nym objemom, zriedovaci faktor kazdého kroku ma tiez
neistotu spojenu s tymito objemami. Rovnaka neistota
zriedovacieho faktora moze byt aplikovana na rovnaké
zriedenie, hoci sa v praxi ¢asto stava, Ze sa nepouzivaju
tie isté odmerné nadoby.

Kazdy zriedovaci faktor mozno vypocitat ako po-
mer

N

kde
V/ je konec¢ny objem

V. je pocCiato¢ny objem

(Teda napr. pre zriedenie /:20 je odpovedajuci
zriedovaci faktor f=V, /V = 20)

Pretoze faktor sa pocita ako podiel pre prislusnu
neistotu plati:

wu(@) /=L LuV)/V.V+1u)/VI}V”

(17)

¢o predstavuje relativnu neistotu hodnoty funkcie f.

Ak zriedovaci proces vyzaduje vykonat opakované
zriedenia, pre koncentraciu takéhoto kalibraéného
roztoku plati

c,=c/(f, xf,x [, x.)

(16)

(18)

vyraz obsahuje iba delenie a nasobenie, teda neistoty
je vyhodné vyjadrovat ako relativne neistoty

uc)/ c,={ Lulc)e, V+1uf)f '+
Lu (1) 1,1 + .7 (19)

V tomto pristupe nie je uvazovany vplyv laborator-
nej teploty (konStantnej) na proces zriedovania. Vplyv
mozno odhadnuf zo znamych koeficientov objemovej
roztaznosti a odchylky laboratornej teploty od teploty
kalibracie odmernych nadob.

Stanovenie hodndét signalov jednotlivych kalibrac-
nych roztokov x, spolu s ich Standardnymi neistotami
u (x).

Vypocet parametrov b, matematickej funkcie simu-
lujucej analyticku funkciu.

Subor vstupnych udajov pre tento vypocet pozostava
z hodnot koncentracii kalibraénych roztokov, prislusnych
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Standardnych neistdt, hodnot signalov tychto koncen-
tracii a ich Standardnych neistot. Parametre sa pocitaju
zov§eobecnenou metdédou minimalnych Stvorcov. Princip
metody je nasledovny:

Pre kazdy kalibracny bod (x, c,) sa urci nastaveny
bod (xAi, ¢,) tak, aby odpovedajuca suma Stvorcov odchy-
lok, vazena prevratenou hodnotou Stvorcov zdruzenych
neistot bola minimalna.

S=Y Il -c [2u(c)l +[Ix -x|/u(x)]}

= minimum (20)

Podmienkou je aby suradnice xA/.’ ¢, nastavenych bodov
vyhovovali rovnici navrhnutej ako analyticka funkcia

¢, =G(x")prei=12 .,n (21)

V pripade linearnej analytickej funkcie tato pod-
mienka znamena, Ze tieto nastavené body lezia na
priamke. Pri nelinearnom modeli funkcie body lezia
na prislusnej krivke.

Vlozenim podmienky ¢, = G (x”,) do vyrazu pre sucet
S, tento nadobudne tvar:

S=Y{IG(K")-c "fu(c)]l +[| X, -x|"/ux)]l}

= minimum (22)

Kde analyticka funkcia G zavisi od §pecifikovaného
poCtu parametrov b. Problémom je teda suCasne stanovit
optimalne hodnoty parametrov b a suradnice ¢, nastave-
nych bodov, tak aby bola suma S minimalna. Za tymto
ucelom sa nahradi podmienka S = minimum sustavou
rovnic pre nezname parametre b, a pre stradnice ¢,
takzvanymi normalnymi rovnicami.

Podmienkou minima funkcie viacerych premennych
je, aby boli prvé derivacie funkcie podla jednotlivych
premennych rovné nule. Takto su optimalne hodnoty
parametrov b, a suradnic ¢, dané rieSenim nasledovnej
sustavy (M+/) + n rovnic

0S/o0b, =0 (k=01 .,M) (23)

oS/o0¢ =0(G=12 .,n) (24)

Tieto rovnice sa rieSia numericky. Procedura predsta-
vuje iteraciu v dvoch krokoch, v prvom kroku sa pocitaju
odhady parametrov analytickej funkcie a v druhom kroku
nastavené suradnice. Tieto kroky sa striedaju pokym sa
nedosiahne konvergencia.

Stanovenie hodnoty signalu (odozvy) analyzovanej
latky z niekol'kych opakovanych merani, spolu s jej
Standardnou neistotou, za rovnakych podmienok merania
ako pri merani kalibraénych roztokov.

Vypocet obsahu analytu ¢_= G(x ), pouzitim analy-
tickej funkcie stanovenej vysSie uvedenym postupom.
Vstupnu hodnotu pre vypocet predstavuje hodnota
signalu analytu x.

Vypocet §tandardnej neistoty koncentracie analytu
u(c ) aplikaciou zakona Sirenia sa neistot




M
u(c )’ = (0G/ox )’ u(x )’ + X (0G/0b )’ var(b,) +
k=0
M-1 M
+2X X (0G/0b,) (0G/0b)cov(b, b) (25)
k [

kde
u(c) je Standardna neistota koncentracie analy-
tu
u(x) je Standardna neistota hodnoty signalu
var(b,)  je variancia parametra b, analytickej funkcie
cov(b, b, je kovariancia parametrov b, b, analyticke;
funkcie

Vstupné udaje, ktoré su potrebné pre vypocet hod-
noty Standardnej neistoty podla tohto vztahu sa ziskaju
nasledovnym sposobom:

e parcialne derivacie sa ziskaju zderivovanim matema-

tickej funkcie navrhnutej ako analyticka funkcia

¢ Standardna neistota hodnoty signalu je uréena v kro-

ku i)

e variancie a kovariancie sa ziskaju podla nasledov-

nych vztahov:

var(b ) = X (b /Oc)* var(c)+X (0b /0x )’ var(x) +
) i j
+2 X X (0b,/oc) (8bk/8cj) cov(c, cj)
i]

(26)

cov(b, b) = X (db /Oc,) (0b/bc,) var(c)
+ X (0b,/0x) (b /0x,) var(c) +
+ X X/(0b,/0Oc) (ab/ac,.) +
+(0b/0c) (817/8;/./ cov (c, cj/.) (27)

kde

var(c,) je variancia koncentracie analytu

var(x,) je variancia odpovedajucej odozvy

cov (c, C/) je kovariancia koncentracii analytu

v kalibra¢nych roztokoch i,

Vstupné udaje pre vypocet parametrov variancii
a kovariancii podla tychto vzfahov sa stanovi nasle-
dovne - prislusné derivacie sa ziskaju numericky zo
vztahu medzi b a ¢, resp. x, podla vysSie uvedeného
regresného algoritmu, variancie var(c,), var(x,) st dané
Stvorcami Standardnych neistot u(c)’, u(x ).

Vzhladom na urcité nedostatky tejto metody su snahy
o zdokonalenie metody najmenSich Stvorcov[10-13],
napriklad vyuZitim neistot kalibracie ako vahovej funkcie
namiesto povodne uvazovanych smerodajnych odchylok,
alebo zahrnutim aj derivacii vysSich radov

Z vyssie uvedeného je vSak zrejmé do akej urovne
sme sa vzdialili od podstaty problému. Okrem vyraznej
naro¢nosti pravidelného pouzivania takychto postupov
je zrejmé, ze kazdy dalSi krok procedury vnasa nové
a mnohokrat tfazko odhadnutelné neistoty hodnotenia.
V tejto situdcii sa maximalne zjednoduSenie celej pro-
cedury stava imperativom.
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V sucasnosti sa za korektny pristup povazuje ak sa
v prvej faze na zaklade analyzy rozptylov ziskanych z ex-
perimentalnych udajov podrobne zhodnotia Standardné
neistoty jednotlivych prispevkov a uvedu sa v tabulke
(uncertainty budget). Prispevky, ktoré maju preukaza-
tel'ne Statisticky nevyrazny vplyv na vyslednu hodnotu
neistoty mozno pri dal§ich hodnoteniach zanedbat, ¢o
Ciasto¢ne zjednodusSuje celu proceduru hodnotenia ne-
istot v dalSich fazach a umoznuje vytvorit najuspornejsi
model. Mnohé z faktorov boli do povodného modelu
merania zhrnuté napriek tomu, Ze sa neocakaval ich
vyznamny vplyv, ale z dovodu poistenia sa pre pripad
ich Statistickej vyznamnosti. Preto je ich eliminacia
z pdovodného modelu opodstatnena.

Biochemicka a klinicka analyza

V medicinskych laboratoriach predstavuje poziadavka
zabezpecenia nadvédznosti vysledkov pravdepodobne naj-
dolezitejsiu stratégiu pri dosahovani Standardizacie. Ako
vS§ak uz bolo uvedené, v tomto procese z objektivnych
dovodov dochadza k zna¢nému odklonu od klasického
metrologického pristupu. Ked'ze tiroven poznania v mno-
hych pripadoch neumoznuje definovanie skimaného
objektu na urovni veliCiny, je obtiazZna exaktna realizacia
takéhoto objektu v podobe etalonu a jeho nasledného
medzinarodného porovnania s objektmi podobnej urov-
ne alebo prenos takto realizovanej hodnoty na objekty
kvalitativne nizZsej urovne. Pochopitelne suvisi to s na-
ro¢nostou poziadavky dokonalej a nespochybnitelnej
Specifikacie skumaného objektu.

V snahe zaviest vysSiu uroven takychto skusok (me-
rani) sa pristupuje k substitucii poziadavky spravnosti
vysledkov poziadavkou jednotnosti vysledkov. Vytvaraju sa
pri tom rozlicné schémy, ktorych snahou je ¢o najlepSie
definovanie spdsobu a urovne hodnotenia jednotlivych
objektov skumania, aby sa tak vytvoril predpoklad pre
buducu transformaciu hodnét po dosiahnuti vyssej urovne
poznania v danej oblasti. Jednou z takychto schém je
vytvorenie tzv. referencného systému, zaloZeného na
spojeni poziadaviek na referenény postup, referencény
material a referencné laboratorium. Nie je vSak celkom
jasné v tejto oblasti, ktory medzinarodny organ alebo
agentura by mali byt zodpovedné za formalnu autorizaciu
takychto referenénych systémov, alebo ich kompetentnych
materialov, postupov, ¢i laboratorii.

V snahe o administrativne i organizaéné zabezpece-
nie rieSenia tohto problému v roku 2002 po vzajomnej
dohode CIPM, IFCC a ILAC zalozili Joint Committee
for Traceability in Laboratory Medicine (JCTML) -
spolo¢ny vybor na podporu a usmerinovanie medzina-
rodného uznavania a akceptovania ekvivalencie merani
v medicinskych laboratériach a nadvaznosti ich merani
na vhodné etalony. Vybor tvori sucast Struktury BIPM
a ma dve pracovné skupiny - WG|, ktora zodpoveda za
identifikaciu medzinarodne akceptovanych referenc¢nych
postupov merania a RM a WG2, zodpovedajucou za
identifikaciu referenénych laboratérii. Obe pracovné
skupiny vyuZzivaju pri svojej ¢innosti revizne timy vy-
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branych odbornikov. Oblasti, ktoré doteraz pokryvaju
mozno rozdelit na viacero skupin: elektrolyty a krvné
plyny, krvné skupiny, pocCitanie krvnych buniek, koa-
gulacny faktor, lieCiva, enzymy, metabolity a substraty,
mikrobiologicka serologia, kovy netvoriace elektrolyty,
nepeptidické hormoény, nukleové kyseliny, proteiny,
vitaminy a systémy kvality. Kazda z tychto podskupin
je riadena veducim timu a ma Styroch az osem clenov.
(viac info: www.bipm.org/en/committees/jc/jctml)

Co sa tyka stavu zabezpeéenia jednotlivych oblasti
referenéného systému, zda sa, Ze relativne najlepSia je
situacia v pripade referencnych materialov. Na trhu je
viacero renomovanych vyrobcov (IRMM, NIST), a do-
plaujuce uzitocné materialy, hoci spravidla na nizSej
metrologickej urovni poskytuje i WHO. Uznanie tychto
materialov je otazkou vzajomnej akceptacie.

Referenéné postupy zahfnaju poziadavky ako su napr.
v pripade enzymov: druh substratu a jeho koncentra-
cia, aktivatory a ich koncentracie, smer katalyzovanej
reakcie, zlozka indikatora, tlmivy systém a hodnota
pH, teplota merania, material pouzity na vychodiskovu
reakciu, Cakacia doba, reakéna doba...

Situacia v oblasti autorizacie referenénych postu-
pov a referencnych laboratoérii je trochu zlozitejSia.
Pochopitelne vznika tu otazka ako by sa mala imple-
mentovat koncepcia nadviaznosti. Pokusom o prispevok
k rieSeniu tohto problému su medzinarodné dokumenty
ISO 17511, ISO 18153, ISO FDIS 15194, ISO 15193, ¢i
ISO 15195. Tymito predpismi sa riadia obe pracovné
skupiny JCTML.

Prvy z uvedenych dokumentov predpoklada, ze pre
dant meranu veli¢inu je k dispozicii vhodny RM i refe-
renény postup. VZdy to vSak nemusi platit. V skutoc¢nosti
sa vyskytuje pat roznych situacii [14]:

1. RM i referen¢ny postup existuju a su schopné zabezpe-
¢it nadvaznost (napr. glukdza, kreatinin)

2. RM i postup su k dispozicii, ale nie su schopné¢ zabezpe-
¢it nadvaznost

3. referenény postup existuje, nie je vSak dostupny RM

(napr. koagula¢né faktory)

4. RM existuje, postup nie je uznany (napr. transferin, imu-
noglobuliny...)
5. ani RM ani postup nie su k dispozicii.

V poslednom pripade predstavuje najmenSie zlo
kalibracia kalibratora pomocou dostupného materialu
pribuznych vlastnosti.

Stratégia vytvorenia referenéného systému zavisi na
charaktere analytu.. V pripade nizko molekulovych sub-
stancii, elektrolytov, organickych substratov a metabolitov
ako su cholesterol, kreatinin alebo steroidné hormoény,
ako aj niektoré lieCiva je jedinym zmysluplnym rieSenim
zabezpecCit nadviznost vysledkov v metrologickom slova
zmysle. Medziclanok spajajuci narodné metrologické
inStitucie (vlastnici etalonov, pripadne producenti CRM)
a prax predstavuju akreditované medicinske laborato-
ria, pripadne referencné laboratdria. Tieto laboratoria
musia mat vyvinuté vlastné referencné postupy. Hoci
su tieto subjekty akreditované, pripadne autorizovang,
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z medzinarodného hladiska zostava otvorenou otazkou
JreferenCnost” ich metod [15].

Skutocnost, Ze stanovenie niektorych enzymov, ako
su kreatinim kinaza, laktat dehydrogenazy, aspartat
aminotransferazy, alanin aminotransferaza, alkalin fos-
fatdza amylaza...patria medzi najCastejSie pozadované
testy klinickych laboratorii [15] zvySuje délezitost
dosahovania spravnych vysledkov a tym i zabezpecenie
nadvaznosti.

Napriek znacnému usiliu v tomto smere vo vztfahu
k enzymatickym skuSkam stale dochadza k znacnému
rozptylu vo vysledkoch - od -60% po +30% skuSanej
hodnoty [16]. Tato otazka sa v procese akreditacie riesi
ucastou laboratdria na medzilaboratornych porovnaniach
a dosiahnutymi vysledkami v nich.

Stratégia zavadzania nadvdznosti v pripade mimo
sustavovych (SI) veli¢in je odliSna. Tyka sa to vel'kého
mnoZstva analytov, ktorym nemozno jednoznacne de-
finovat molekulova Strukturu (enzymy, glykoproteiny,
proteohormény, tumorové markery a kardiakalne mar-
kery...). Skor ako sa moze vytvorit referenény systém
je potrebné definovat meranu veli¢inu [17]. Nasledne
definicia meranej veli¢iny spolu s navrhom referenéného
systému by mali byt predmetom rokovania pracovnych
skupin JCTLM.

Prostrednictvom takto vytvoreného referenéného systé-
mu sa odhaduje referenénd hodnota metody (RMV), pri
¢om hodnoty pouzitych korekénych faktorov sa odhaduju
na zaklade skusenosti referenéného laboratdria a ich
neistoty sa odhaduju z pouZzitého postupu, pripadne pri-
strojovej adjustacie. Tato hodnota sa odhadne ako sucin
priemernej hodnoty zistovanej vlastnosti a jednotlivych
korekénych faktorov. Napriklad [18]:

RMV =

priemer. hodnota

absorb konc X Csér[a X
X CC,m X c X c Xc, X

vypar starnutie lin

¢ Xc XCpHXCIepIXC

Colz/'. zlomok

(28)

Vo vicsine pripadov su hodnoty jednotlivych koreké-
nych faktorov rovné jednej. Ich neistoty vSak nemaju
nulové hodnoty a pri odhade kombinovanej neistoty je
potrebné zahrnuf ich do vypoctu.

Nedostatkom tohto pristupu je, Ze stavia na vrchol
hierarchie nadvdznosti nie realizaciu hodnoty veli¢iny
prostrednictvom konkrétneho zariadenia alebo artefaktu,
ale tzv. Standardny operaény postup (SOP), ktory je
ovplyvneny kvalitou pozitého zariadenia i subjektivnymi
faktormi operatora. Je vSak potrebné si uvedomit, Ze
idea vzajomného prepojenia metdd prostrednictvom apli-
kacie referenéného systému nepodmienuje jednoduchu
korelaciu medzi metédami pracujucimi na odliSnych
principoch merania [19].

Schopnost laboratdéria pouzit takyto SOP sa de-
monStruje prostrednictvom S$tudie uskutoCnitelnosti
na komercéne dostupnych kontrolnych materialoch.
V procese certifikacie laboratéria sa potom vysledky
studie uskutoCnitel'nosti prikladaju k vysledkom me-
dzilaboratérnych porovnani (aspon 3). Takéto SOP by




mali byt publikované ako referencné metdédy na web
stranke BIPM-JCTML.

ZAVER

ZabezpecCenie metrologickej nadvidznosti chemickych
merani predstavuje klucovy problém, rieSenie ktorého
umoznuje odhady Standardnych neistot vysledkov me-
rania na korektnej baze. V chemickych meraniach je
v absolutnej vacsine pripadov nadvdznost zabezpecovana
prostrednictvom referenc¢nych materialov, resp. certifiko-
vanych referenc¢nych materialov. CRM slizia na mnohé
ucely. V sulade s ich urenim je potencidlne mozZné Ze
ten isty material sa mdzZe vhodne pouzivat v jednom
laboratoriu a nevhodne v inom.

Jednym zo sucasnych problémov prevadzkovych
laboratorii je nedostato¢na znalost vyuzitia a dostup-
nosti RM. Prili§ vela materialov je povaZovanych za
»certifikované“, ¢o naznacuje, Ze mnohé laboratoria
exaktne nevedia ¢o CRM v skutocnosti je a ako sa
pripravuje. Preto ako najurgentnejSia sa javi potreba
poskytovania informacii. Laboratéria by mali byt infor-
mované o vSetkych dostupnych typoch RM, o tom ako
ich spravne pouzivat, pripadne byt schopni pripravy vo
vlastnej rézii sekundarnych RM S§itych na mieru vlastnych
potrieb ¢i poZiadaviek na laboratérium..

Narast mnozZstva predpisov, hlavne z oblasti poZiada-
viek zivotného prostredia, zdravotnictva a s nim spojené
zabezpecovania kvality, sposobuje narast poziadaviek na
rozne druhy RM. V tejto situacii je jasné ze existujuci
vyrobcovia nemozu pokryt budice poziadavky i vdaka
krateniu rozpoctov rozpoctovych organizacii v pripade
niektorych vladnych programov.

V pripade biochemickych analyz predstavuje zabez-
pecenie nadvédznosti v mnohych pripadoch problém,
ktory si vyzaduje Specialne pristupy, velakrat spojené so
zavadzanim konvencii, v mnohych pripadoch zdanlivo
nezlu€iteInych s fyzikalnym principom metrologickej
nadviznosti. Tieto pristupy su vSak podmienené exis-
tujucou uroviiou poznania v danej oblasti a spravidla
predstavuju optimalny kompromis, ktory by mal zabez-
pecit bezproblémovu transformaciu ziskanych hodnot
veli¢in alebo vlastnosti po doplneni stavu poznatkov na
pozadovanu uroven. Celkovo v§ak plati, Ze systematicku
chybu metody mozno redukovat lepSou kalibraciou tvo-
riacou sucast medzinarodne akceptovanych referenénych
systémov. Pristup s vyuzitim referenénych systémov
moze klinickym laboratéoriam a medicinskej komunite
poskytnut do istej miery univerzalny nastroj, ktory zvy-
Suje komparabilitu existujucich pracovnych metod alebo
podporit preferenciu jednej metody pred inou. JCTML,
riadiace organy, profesijné spolo¢nosti i vyrobcovia IVD
hraju pri podpore zabezpecenia nadviznosti kalibratorov,
Standardizacii skusok i globalnej harmonizacii klucovu
ulohu. Jednotlivé klinické laboratoria su v§ak zodpoved-
né za vyber vhodnych metod schopnych demonstrovat
metrologicku nadvdznost a dodrzanie klinickych noriem
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navrhovanych guidami laboratornej mediciny. Mali by tiez
nepretrzite hodnotit svoje rutinné metody a zabezpecit
aby boli schopné produkcie spravnych a medicinsky
uzito¢nych vysledkov.

Nachadzame sa v dzungli informacii. Budujeme svoju
cestu za sebou ako postupujeme dopredu.
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ABSTRACT

A well-known transformation from the bell-shaped
Gaussian (normal) curve to a straight line in the
rankit plot is investigated, and a tool for evaluation of
the distribution of reference groups is presented. It is
based on the confidence intervals for percentiles of the
calculated Gaussian distribution and the percentage of
cumulative points exceeding these limits.

The process is to rank the reference values and
plot the cumulative frequency points in a rankit plot
with a logarithmic (Insloge) transformed abscissa. If
the distribution is close to In-Gaussian the cumulative
frequency points will fit to the straight line describing
the calculated In-Gaussian distribution. The quality of
the fit is evaluated by adding confidence intervals (CI)
to each point on the line and calculating the percentage
of points outside the hyperbola-like Cl-curves.

The assumption was that the 95 % confidence curves
for percentiles would show 5 % of points outside these
limits. However, computer simulations disclosed that
approximate 10 % of the series would have 5 % or more
points outside the limits.

This is a conservative validation, which is more
demanding than the Kolmogorov-Smirnov test. The
graphical presentation, however, makes it easy to dis-
close deviations from In-Gaussianity, and to make other
interpretations of the distributions, e.g., comparison to
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non-Gaussian distributions in the same plot, where the
cumulative frequency percentage can be read from the
ordinate. A long list of examples of

In-Gaussian distributions of subgroups of reference
values from healthy individuals is presented. In addi-
tion, distributions of values from well-defined diseased
individuals may showup as In-Gaussian.

It is evident from the examples that the rankit
transformation and simple graphical evaluation for
non-Gaussianity is a useful tool for the description of
sub-groups.

Keywords: confidence intervals; logarithmic Gauss-
ian distributions; rankit transformation; reference
intervals.

INTRODUCTION

Parametric and non-parametric methods used for
estimation of reference intervals have been discussed
for many years. When the IFCC (International Federa-
tion of Clinical Chemistry) made recommendations for
estimation of reference intervals in the late eighties, both
methods were described (1). The choice of model is
highly influenced by the scientists’ statistical background
and the purpose of the investigation.

Thus, scientists with interests in computer simula-
tions and bootstrap re-sampling of data (2), or with
large sample sizes of reference individuals for many
quantities, prefer the non-parametric estimation of refer-
ence intervals (3, 4). However, investigators looking for
methods to decide on partitioning into subgroups (5—10),
prediction of extreme percentiles (10, 11), description
of distributions as function of time, e.g., after a glucose
tolerance test (12), and estimation of analytical quality
specifications (13—20) need to use parametric statistics
to perform their prediction and validation.

In relation to the parametric treatment of reference
individual data, the question of validity of the para-
metric application has been answered by performance
of different tests of significance, such as that for like
skewness and kurtosis, and the Kolmogorov-Smirnov
and Anderson-Darling tests (1). A special graphical
test, based on probit/rankit transformation, is widely
described in textbooks on statistics (21—23), but is not
commonly used in the description of reference inter-
vals in scientific reports. However, in contrast to the
tests for significance, this graphical evaluation gives a
clear visual description of the whole population under
investigation, and this transformation of reference data
has successfully been applied in some publications (5,
820, 24, 25).

The question of validation of the probit/rankit model,
when applied to reference values, was previously outlined
by Hald in 1952 (21). However, it has not been formalised
in the same way as the significance tests for goodness
of fit such as those tests for skewness and kurtosis, as




well as the Anderson-Darling and Kolmogorov-Smirnov
tests (1). Therefore, the aim of this investigation is to
re-introduce Hald’s evaluation (21) and to relate the
parametric descriptions to interpretation of distributions
and sub-distributions of reference values.

THEORY

Description of the transformation
The Gauss distribution is defined by the equation

f(x) = (2. 2m)"12. e-120-w/o)]?

where x is the variable, and m and s are the param-
eters, mean and standard deviation, respectively. This
describes the frequency distribution or probability density
distribution, illustrated in Figure 1A, where the abscissa
denotes the variable after normalisation, i. e., standardised
deviation from the mean, X=(x-u)/ o, and thus corre-
sponds to the well-known z-statistics (21.23).

By summation of the function from -co, the fraction
of the total area of the bell-shaped curve, the cumulated
frequency function, describes an S-shaped curve as il-
lustrated in Figure 1B, where the values for X of -1.96,
0, and 1.96 correspond to the well-known fractions of
0.025, 0.50, and 0.975, respectively.

The standardised (normalised) variable (xym)/s can
be written as x/o-u/c, and thus the formula can be
written as y=x/o-u/c; the equation for a straight line.
The y is called Rankit (or (Probit -5), as Probit origi-
nally was defined as the normalised variable to avoid
negative values) and thus describes a straight line in a
rankit plot, as illustrated in Figure 1C. In this Figure,
it is seen that the fractions of the area, or cumulated
frequency, has been changed and now have values of
0.00 at -0 and 1 at co which cannot be described in
the plot. However, the ordinate for cumulated frequency
has the value 0.50 at the rankit =0, and the fractions
are “diluted” from this central value, e.g., with 0.025
at rankit =-1.96. Thus, the bell-shaped Gaussian curve
is described as a straight line in the rankit plot. The
transformation from fractions to rankit values can be
performed in spreadsheet programs such as QuattroPro
and Excel using the commands @NORMSINV(fraction)
and NORMINYV (fraction; y; o), respectively. In Quattro-
Pro the value is normalised, whereas in Excel, the mean
and standard deviation should be used, 0 and 1.

The inverse function, plotting cumulative frequency
data from a reference population in a rankit plot in
order to disclose whether the cumulative data describes
a straight line, is illustrated in Figure 2A. This example
uses simulated values from randomly selected values
from a Gaussian distribution (25 random values from
a Gaussian distribution with mean =100 and standard
deviation =8). The process is to rank the reference
values and calculate the cumulative fractions. The IFCC
recommends computing the cumulative fraction from
the rank number, i.e., as the fraction, pi=i/(N+1),
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where N is the total number of reference values (1).
Altman (23) defines the fraction p,=(i-3/8)/(N+1/4),
and Linnet (2) as p(i)=(i-0.5)/N.

Of these, Altman and Linnet’s formulas are better
suited to describe the lowand high cumulated frac-
tions.

Linnet’s formula is considered the best and used in
this paper. Thus the rankits are calculated from R=@
NORMSINV(p,) or R=NORMINV(p; u; o).

The cumulated fractions in Figure 2A appear to fit
a straight line, and the best description of such a line
is based on the estimated Gaussian parameters m and
s. By selecting two values of the rankit, R, e.g., -2.5
and 2.5, these values can be used to calculate the cor-
responding x-values from x=u+R.c, where u=99.3 and
6=28.2, which give 79.0 and 119.7.

Confidence intervals
The confidence intervals for the percentiles of a
Gaussian distribution are defined as

Cl=u+z .0+z,.SE

where z, and z, are the z-statistics for a Gaussian
distribution depending on the chosen probability. z, is
used as a variable, and R=p +z .c describes the straight
line (the Gaussian distribution) in Figure 2B. z, is the
z-statistic denoting the chosen probability for the confi-
dence interval, e.g., 1.96 for a 95 % confidence interval
(95% CI) and SE is the standard error defined as

SE=[o*/n+(z,.s)*/2n]"?

which equals the SE of a mean for z =0, and in-
creases for higher numerical values of z1. Occasionally
the denominator, 2n, is formulated as (2n+1/2), but
this is only applicable for very lowvalues of n.

In Figure 2C, the 90% CI (z,=1.64) for R-values
from -2.5 to 2.5 are shown as continuous curves, like
hyperbolas, around the cumulated curve.

Goodness of the fit

Altman (23) says that “departures of the sample
data from normality are thus easily seen as departures
from a straight line”. This is true, but some scientists do
not rely on visual inspection. Thus, Hald’s assessment
(21) is that the points of the cumulated curve “must
be expected to fall within the confidence interval on
about 95 % of occasions (when 95 % limits are used)”.
Hald also points to the extreme values (near to 0 and
100 %) where the deviation of points from the theoreti-
cal line are larger. Further, he points to the fact that
the points “are not stochastically independent, each
cumulative frequency depending on the preceding value”
(see Appendix).

The criterion therefore is that only 5% of the cu-
mulative frequency points are allowed outside the 95 %
Cl-limits (or 10% outside the 90 % ClI-limits). Using
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Figure 1. Transformation of the bell-shaped Gaussian distribution to

a straight line in a rankit plot. A. Plot of Gaussian frequency distri-

bution as function of the normalised standard deviate. B. Cumula-

tive frequency of the Gaussian distribution where the accumulation

starts from -oo, resulting in an S-shaped curve. C. Transformation

of the cumulative frequency, resulting in a straight line, which thus
describes the cumulative bell-shaped curve.
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Figure 2. Accumulation of 25 Gaussian distributed random num-
bers after ranking. The simulation was based on mean, p=100 and
standard deviation, 6 =8, and the corresponding estimates are 99.3
and 8.2, respectively. A. Cumulative frequency of the 25 values in
a rankit plot. B. Same with the line for the parametric distribution,
based on the estimated values for m and s drawn. The cumulative
points fit appropriately to the straight line. C. Same as B, but with
95% confidence intervals for the fractiles (cumulative frequency).
All the points are within the area between confidence curves.




this procedure, we may miss some distributions that
might be acceptable, as seen from the simulation in the
Appendix. We are, however, convinced by the accept-
ability of the parametric description, when no points
are outside the Cl-limits. This is exemplified in Figure
2C where no points are outside the Cl-limits.

The principle holds true, also for summation over
intervals, but the fewpoints (usually -20) mean that no
cumulative points exceed the Cl-limits

Comparison to the Kolmogorov-Smirnov test

It is difficult to compare this test to the tests of skew-
ness and kurtosis, as well as Anderson-Darling. These
tests summarise all the information from the distribu-
tion in overall estimates. The Kolmogorov-Smirnov test,
however, is also a test of each cumulative frequency.

A graphical comparison between the two validations
is shown in Figure 3, where the continuous limits for
the Kolmogorov-Smirnov test are drawn together with
the confidence limits; Kolmogoro-Smirnov for a sig-
nificance limit of 0.05 and the confidence interval for
95% CI. Around the 0.50 cumulative frequency, the
limits are very close, whereas the Kolmogorov-Smirnov
test allows for much larger deviations in the lowand
high regions.

The 95% CI evaluation in a rankit plot is a visual
inspection of a distribution, from which the type of
deviation from Gaussianity is easily demonstrated.
However, it is very demanding if used as a test (see
Appendix).

Logarithmic transformation

Often, a biological distribution is not Gaussian, but
the logarithmic values are Gaussian distributed. The
log-transformation can be performed with the base 10
or e, but the loge-transformation (In transformation) has

Kolmogorov-Smirnov and Cl

33
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Figure 3. Comparison between the 95% CI evaluation and Kolmo-

gorov-Smirnov test, for the same Gaussian cumulative frequency.

The two sets of curves are very close for values around 0.50, but the

Cl-evaluation is much more narrow in the tails, and thereby more
demanding
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Figure 4. In-transformation and partitioning. A. A logarithmic Gau-

ssian distribution shown in a rankit plot with simple abscissa. The

curve is far from a straight line. B. Same data as in A after In-trans-

formation. The cumulative frequency nowfits to the estimated ideal

In-Gaussian distribution, as also indicated by the course between the

95% CI limits. C. Partitioning into subgroups (illustrated as men
and women) of the values in B.

the advantage that the standard deviation of Invalues
is the best estimate of the coefficient of variation of
the original values (20).

When the distribution is In-Gaussian, the cumulated
frequency will show up as a curve in a rankit plot with
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Figure 5. Figures from the Nordic protein project. A. Cumulative
frequencies of serum transferrin (in intervals) of reference values for
women using oestrogens (E) and the remainder of the reference po-
pulation. The distributions show up as straight parallel lines. From
“Reference Intervals for Plasma Proteins. Principles for Estimation
of Reference Intervals” by Hyltoft Petersen and Blaabjerg from Up-
sala J Med Sci 1994; 99:3 07—13 (8) with permission. B. Cumu-
lative frequencies of serum prealbumin for values from individuals
ruled out according to criteria on high serum CRP values, elevated
sedimentation rate, and presence of M-componets. The cumulative
frequencies for these discharged groups are compared to the refe-
rence distribution. It is evident, that the individuals with high CRP
values present a distribution with lower serum prealbumin concen-
trations. From “Reference Intervals Based on a Danish Population”
by Blaabjerg et al. from Upsala J Med Sci 1994; 99: 315—38 with
permission (9).

linear abscissa, as illustrated in Figure 4A. When the
curve has this shape, it is most probably a In-Gaussian
distribution, and the values should be transformed before
the process is repeated with the In-values as illustrated
in Figure 4B. Other transformations may be tested,
but for biological distributions, the In-transformation
is most relevant.

Moreover, a two-step transformation may result in
erroneous estimates (26).
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Subgroups and comparison of groups

When distributions are heterogeneous, they may still
showup as In-Gaussian (or Gaussian), but will often have
another shape than a straight line in the rankit plot.
All reference values should be separated into subgroups
according to relevant criteria before plotting in rankit
plots, as heterogeneity will often result in a poor fit
to a straight line. Thus, when a distribution deviates
from In-Gauss (or Gauss), there is reason to attempt
further division into subgroups. Figure 4C illustrates
two subgroups, separated according to gender, that
when combined, resulted in the In-Gaussian distribution
seen in Figure 4B. In this example all three groups
showup as straight lines. However, if straight lines were
not observed, further subdivision should be taken into
consideration. In principle, the combined distribution
cannot be In-Gaussian when both subgroups are. How-
ever, this cannot always be detected due to the size of
confidence intervals.

According to Lahti et al. (7), partitioning according
to subgroups should always be done when the differ-
ence between the reference limits between subgroups
exceeds 0.75 times the smaller standard deviation, either
for the difference between the lower limits or for the
upper limits. In this example, the lower limits deviate
by 0.67 s and the upper limits by 1.04 s, so with the
difference between upper limits exceeding the test value,
partitioning should be performed.

EXAMPLES (parametric descriptions)

Example 1: Serum transferrin and effect of oestrogens

In a Nordic project on common reference intervals
for plasma proteins, more than 500 reference values
were produced, and the cumulative percentage frequen-
cies plotted in probit-plots (same type as rankit, see
above). In Figure 5A (8) the distributions for serum
transferrin are shown for women taking oestrogens and
the rest of the reference individuals.

The Figure indicates that there is no heterogene-
ity according to age and gender. Both distributions of
cumulative frequencies of log-values showup as straight
lines. Moreover, the two lines are parallel hich indicates
a rather uniform proportional effect of oestrogens.
The cumulative values are based on accumulation over
intervals (as in histograms), therefore, the number of
points are fewer.

Example 2: Serum prealbumin and the effect
of ruleout criteria

In another evaluation (9) of the same project on
common reference intervals (see ref. (8)), the distribu-
tions of discharged values according to rule-out criteria,
including C-reactive protein (CRP))10 mg/l, elevated
sedimentation rate and presence of M-components,
were compared to the accepted reference values. In
Figure 5B, the straight line denotes the distribution
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‘insulin secretion” during the test (C) and “insulin sensitivity” (D)

during oral glucose tolerance test performed on healthy individuals. The data are shown in rankit plots with In-concentrations as abscissa,

and for all distributions, the cumulative frequencies are within the curves for 95 % confidence limits. From “Reproducibility of S-insulin and
B-glucose responses in two identical oral glucose tolerance tests” by Schousboe et al. from Scand J Clin Lab Invest 2002; 62: 623—30 with
permission of Taylor & Francis AS (12).

of all results of serum prealbumin, except from young
women not taking oestrogens, and, in addition, the cu-
mulated frequency distributions of the three discharged
subgroups are shown. It is clear from the Figure, that
individuals with high CRP values have lower concen-
trations of serum prealbumin and thus are different
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Figure 7. Distributions of prediabetic FPG concentrations 1, 5 and

10 years before diagnosis, presented as cumulative frequencies in a

rankit plot with In-abscissa (data from Dinneen et al. (27)). These

non-Gaussian data are compared to the parametric distribution of

low-risk reference individuals (data from Jgrgensen et al. (10)). For

all pre-diabetic distributions, more than half of the values are betwe-
en 6 and 7 mmol/l.
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from the accepted reference group. On the contrary,
an increased sedimentation rate and the presence of
Mcomponents have no effect. Although there are only
10 to 15 individuals in each subgroup, the information
is convincing.

Example 3: Effects of oral glucose tolerance tests

In an investigation of oral glucose tolerance tests
(12), concentrations of capillary blood glucose and
serum insulin were measured from fasting individuals
before performance of the tolerance test, and 30 and
120 min after receiving glucose. In addition, two derived
variables were calculated, “insulin secretion” and “insulin
sensitivity”. The cumulative frequency curves for Invalues
are shown in Figure 6. It is clear that all curves are
within the 95 % CI with the exception of some single
points for some of the curves. These results are fully
in accordance with In-Gaussian distributions.

Example 4: Distributions of pre-diabetic patients In

Figure 7, results from two different investigations
are shown. The rankit plot shows In-concentrations of
fasting plasma glucose (FPG), and the diagnostic deci-
sion limit of 7.0 mmol/1 is indicated by the vertical line.
The three crooked curves illustrate distributions of FPG,
1, 5 and 10 years before the patients were diagnosed
as diabetic due to a FPG value above 7.0 mmol/l, as
determined from the curves in the publication from
Dinneen et al. (27). These curves are not close to be-
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ing linear, but they still provide significant amounts of
information. Thus, it is clear that more than half of
the newly diagnosed diabetics have FPG values between
6.0 and 7.0 mmol/l, and the distributions are similar 1
to 10 years before the diagnosis.

Further, the line for distribution of reference individu-
als representing the low-risk population for diabetes (10)
is indicated. The Figure supplies a lot of information,
which could not be easily obtained using any other
presentation form.

DISCUSSION

The two strategies, which have been outlined in
the description of reference values are transformation
to Gaussianity and separation into subgroups (1, 28).
Boyd and Lacher (29) introduced a multi-stage Gauss-
ian transformation algorithm, which was discharged
(together with other transformation models) by Miller
et al. (30). The material on which this conclusion was
made, however, was not homogeneous, as the creatine
kinase (CK) values were determined by two different
methods. One CK method was transferred to the other,
and CK values vary with physical activity; the latter
concern was not described and partition criteria not
applied in the investigation. Therefore, the conclusion
is questionable.

The present contribution points to the sorting
of reference values into as many relevant subgroups
as possible, which will often lead to appropriate In-
Gaussian distributions with parallel lines in the rankit
plot. The distributions can be further investigated for
the appropriateness of partitioning, according to Lahti
et al. (7). If partitioning is not relevant, such as when
genotypes are unknown or further subgrouping is impos-
sible, the reference intervals must be calculated using
non-parametric methods (1).

In this paper, we have presented a tool for better
revealing lack of homogeneity of reference values, which
should lead to further partitioning into subgroups. We
have demonstrated a fewexamples of such processes,
but there are many other examples. The examples from
the Nordic project on common reference intervals for
plasma proteins (8, 9) have In- Gaussian distributions
for subgroups of the following proteins: albumin, preal-
bumin, orosomucoid, transferrin (Figure 5A), immuno-
globulin A (IgA), IgG and IgM. However, al-antitrypsin
had to be separated into MZ, MS and MM genotypes
to showln-Gaussian distributions, and haptoglobin had
another distribution, probably due to subtypes, which
was not investigated in the project.

Jorgensen et al. (10) investigated the distribution of
FPG values in individuals selected according to social
security number. The aggregate population was clearly
not homogeneous, but after eliminating values from
individuals at risk for diabetes and individuals with
high values of HbAlc, the distribution turned out to be
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appropriate In-Gaussian. Even the subgroups classified
according to gender, age and body mass index clearly
showed In-Gaussian distributions. In the same reference
individuals investigated for HbAlc, Jgrgensen et al. (11)
found that the distribution of reference values was so
narrow, that it was difficult to determine whether the
distribution was logarithmic; 0.5% of the lowest values
fell outside the confidence limits in both plots, but this
was without interest for the interpretation, which was
concentrated on the highest values.

Blood glucose and serum insulin showed In-Gaussian
distributions, even during the oral glucose tolerance
test. In addition, derived variables followed In-Gaussian
distributions (Figure 6) (12). The same type of distribu-
tion was also seen for serum concentrations of growth
hormone (24) and for serum lactate dehydrogenase
isoenzyme-1 in a reference group of men who underwent
surgical exploration of a testicle due to suspicion of
malignancy, but without neoplasia (20). Further, serum
concentrations of soluble CD 163, a surface protein on
macrophages, behaved In-Gaussian (25), but not FPG
in pregnant women, where a moderate heterogeneity
was disclosed, but not explained (31).

Often, the measured concentrations of diseased
groups are best described as In-Gaussian distributions.
This is demonstrated for blood thyroid-stimulating
hormone (TSH) concentrations in newborns with con-
genital hypothyroidism (13), for serum CK-BB (14) and
serum myoglobin (15) in patients with acute myocardial
infarction, and for serum transferrin and serum fer-
ritin in patients with haemochromatosis (18) in rankit
plots. Of these In-Gaussian distributions, confidence
intervals were further applied to FPG (10) and HbAlc
(11), to blood glucose and serum insulin, and derived
values obtained during oral glucose tolerance test (12),
to serum lactate dehydrogenase isoenzyme-1 (20), to
serum concentrations of growth hormone (24) and to
serum concentrations of soluble CD 163 (25). All these
examples support the assumption that homogeneous
groups of reference values are distributed In-Gaussian
after partitioning into relevant sub-groups according
to relevant criteria. In the simple evaluation, the prob-
ability of obtaining a point outside the 95 % CI could
be expected to be 5%, if the points were independent,
but they are not. A cumulative value outside the limit
will enhance the probability for the next point being
outside to the same side. Thus, the simulations in the
Appendix showthat approximately 10 % of series gener-
ated randomly from a Gaussian distribution have 5 %
or more points outside the 95 % confidence curves. The
simulations further showthat this confidence-evaluation
is more demanding than the Kolmogorov-Smirnov and
Anderson-Darling tests.

The evaluation seems reasonable for rankit plots
where all cumulative values are presented as long as
the sample size is between 50 and 150. Accumulation
of values over intervals results in fewer points. Thus, it
is not safe to accept points outside the 95 % CI limits.




On the other hand, large sample sizes result in narrow
confidence intervals, which may disclose minor devia-
tions from the ideal distribution. A method to make
the evaluation for large samples more equal would be
to apply the 95 % confidence limits for N =120 also for
larger sample sizes.

The advantage of this graphical evaluation is that
the whole distribution is demonstrated. Therefore, de-
viations from linearity are clearly shown and it may be
determined whether the deviation influences parameters
such as the estimated reference interval, clinical deci-
sion making, or the clinical problem itself. This is in
contrast to the generally applied tests, such as those
for skewness, kurtosis, and the Kolmogorov-Smirnov
and Anderson-Darling tests, where all the information
is reduced to a single test value. A further advantage is
that non-Gaussian distributions can be presented in the
same rankit plot as the parametric one, thereby disclos-
ing the differences as seen in Figure 7 where the FPG
distributions of pre-diabetic individuals clearly deviate
from the low-risk population. Moreover, in this plot, it
is possible to ascertain from the pre-diabetic curves that
more than half of the new diabetics had FPG values
between 6 and 7mmol/l 1 year and 10 years before,
and that less than 5% of patients with concentrations
below 5 mmol/l developed diabetes.

From the examples, it seems reasonable to assume
that most distributions of reference values can be di-
vided into subgroups, which are In-Gaussian distributed,
when relevant partitioning criteria are applied. When
not In-Gaussian, the most probable explanation is that
the subgroup is still heterogeneous. In this type of
scenario the rankit plot with confidence curves is a
powerful tool. A further advantage of the rankit plot
is that several distributions can be easily compared in
the same plot.

Appendix: Comparison of confidence curves
to Kolmogorov-Smirnov and Anderson-Darling tests

Using the Microsoft Excel programme, random
Gaussian distributed values were generated in a series
of 100 values. A total of 500 series of distributions
(=50,000 single values) were generated. For each series,
the arithmetic mean and standard deviation was calcu-
lated together with the functions for 95% confidence
(CI) intervals for percentiles; the simulated values
were ranked and the value for each accumulation of
the frequency distribution was compared to the corre-
sponding Cl-limits. This is illustrated in the Appendix
Figure 8. The percentages of points exceeding the CI-
limits were calculated, and further the percentages of
series with five or more points exceeding the Cl-limits
were calculated.

In addition, the Kolmogorow-Smirnov and Anderson-
Darling tests were performed for each series as well,
and the percentages of tests considered significant at
the 5% level were calculated (Appendix Table 1).

The result of simulations are that about 2.5 % (values
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Simulation with kurtosis
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Figure 8. Illustration of a series of 100 simulated Gaussian distribu-
ted values, where the Anderson-Darling test is positive, but there is
less than 5% points outside the 95% Cl-limits.

Table 1. Comparison between percentage outside the 95% Cl-limits
and Kolmogorov-Smirnov and Anderson-Darling. Percentage of 500
simulations of 100 Gaussian distributed values

Estimated percentage

Limits corresponding to 5 % outside (95 % CI)

Cl-percentage of all” 2.7%

Limits corresponding to 5% outside (95 % CI)
Cl-percentages of distributions with 5 % or more outside™ 11.0%

Traditional tests Kolmogorov-Smirnov 5% level

of significance 3.6%
Anderson-Darling 5 % level of significance 6.0%
Comparison: CI to Kolmogorov-Smirnov

CI 5%s1 and KSs1™ 3.2%
CI 5 %s1 and KSs0™ 7.8%
CI 5 %s0 and KSs1™ 0.4%
Comparison: CI to Anderson-Darling

CI 5%s1 and ADs1™ 5.4%
CI 5%s1 and ADsO™ 5.6%
CI 5%s0 and ADs1™ 0.6 %

* —Percentage single values of all 50,000 values outside the 95 %

Cl-limits. **—Percentage series with more than 5% of values out-

side the 95 % Cl-limits. ***—1 means more than 5 % of values out-

side the 95 % Cl-limits or significant test. The percentage of series
with the combination of 1 and 1, 1 and 0, and 0 and 1

2.7%) of single values are outside the 95 % CI. This is
only half of that expected from the 95 % interval and
must be related to the fact that cumulative points are
interrelated. Thus, when a value is outside one side,
there is not a free probability for the neighbour-point
to be outside the limits, as the probability for exceed-

103



ing the same limit is higher and the probability for
exceeding the opposite limit is much lower.

The percentage of series with more than 5 % points
outside the 95 % Cl-limits is about 10 % (value=11%),
which is approximately double that expected from the
95 % interval. The explanation seems to be of same origin
as for the single points, but with another effect.

For comparison, both the Kolmogorov-Smirnov and
Anderson-Darling tests are shown for a 5% confidence
level. Kolmogorov-Smirnov shows approximately 3.5 %
(3.6 %) and Anderson-Darling approximately 5% (6 %)
of significant values, respectively, for the same simu-
lations as for the 95% Cl-limits. The low percentage
for Kolmogorow-Smirnov is in accordance with the
expectations from Figure 3.

The Table also shows the percentage agreement,
i.e., both tests positive for the same simulations, and
disagreement (as illustrated with 1 for positive test
and 0 for negative test). As expected from the first
results, there is an excess of 95% CI and a deficit
for Kolmogorov-Smirnov test. In about 0.5 % of cases,
Kolmogorov-Smirnov (0.4 %) and Anderson-Darling
(0.6 %) are positive and the 95% CIl-limits negative.
This is illustrated in Appendix Figure 8 for a situation
where there is a moderate kurtosis.

The conclusion is that the evaluation of more than 5%
of points exceeding the 95 % confidence limits is a stronger
test for deviations from Gaussian distribution than Anderson-
Darling and definitely than Kolmogorov-Smirnov.
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NIEKTORE POZIADAVKY ISO 15189 A RUTINNA
PRAX V MEDICINSKYCH LABORATORIACH

LUBOMIR SPACEK" 2

"Poradenska ¢innost’ systémov manazérstva kvality
v zdravotnickych laboratoriach, Bratislava
?(stav laboratornych vysetrovacich metod

OUSA, s.r.0., Bratislava

Praca pojednava o nasledovnych poziadavkach 1SO
15189 a rutinnej praxi v neakreditovanych medicinskych
laboratoriach:

¢ referencné intervaly (RI)

e kritické hodnoty (KH).

Praca taktiez pojednava o moznosti odbornych spo-
loCnosti a stavovskych organizacii vplyvat na akreditaciu
medicinskych laboratorii.

Akreditacny Standard pre medicinske laboratéria ISO
15189 ma vysoky potencial pre zabezpecenie skutocnej
kvality a doveryhodnosti ¢innosti a vysledkov poskyto-
vanych vySetreni medicinskym laboratériom. Norma
ISO 15189 vo viacerych ¢lankoch explicitne vyjadruje
viaceré poziadavky, ktoré mozu byt inSpirujuce pre
kazdé medicinske laboratorium.

REFERENCNE INTERVALY (RI)

V kap. 5.5 VySetrovacie postupy, v ¢lanku 5.5.3 su
uvedené v polozkach Standardného pracovného postupu
pod bodom , /) biologické referencné intervaly“ a v €lanku
5.5.5 sa uvadza:

»Biologické referencné intervaly sa musia pravidel-
ne kontrolovat. Ak laboratéorium ma dovod domnievat
sa, Ze konkrétny biologicky interval uz nie je vhodny
pre referenénui populdciu, musi sa vykonat prieskum
a ak je potrebné, nasledne aj napravné opatrenie. Ak
je potrebné, biologické referencné intervaly sa musia
skontrolovat, aj ked laboratorium zmeni vySetrovaci
postup alebo postup pred vySetrenim.“

V kap. 5.8 Uvadzanie vysledkov, v ¢lanku 5.8.3
uvadzajucom poziadavky na polozky vysledkového
listu ktory v bode i) pozaduje ,biologické referencné
intervaly, kde je vhodné.

Nebudem sa zaoberatf roznymi teoretickymi pristupmi
k ziskavaniu a pouZivaniu RI z ktorych mnohé su uz
dobre prepracované.

Ako to vSak vyzera v rutinnej praxi v medicinskych
laboratoriach?

RI ktoré sa vicsinou v medicinskych laboratoriach pouzivaju
mozu mat nasledovny povod:

1) RI prebraté od vyrobcu (supravy alebo analitic-
kého systému)
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Toto je najcastejSi povod RI v medicinskych labo-
ratoriach. Mdzeme tu vSak rozliSovat rdzne varianty
tychto vyrobcom uvadzanych RI a taktieZ rézne varianty
v pristupe medicinskeho laboratoria k tymto RI.

Vyrobcovia moézu RI prezentovat nasledovnym spo-
sobom:

e vyrobca neudava RI

¢ vyrobca udava RI bez akejkolvek informacii o ich po6-
vode, referen¢nej populacii, demografickych charak-
teristikach a geografickom povode, preanalytickych
podmienkach, deatailoch analytického postupu
a Statistickych charakteristikach suboru nameranych
hodnét, spésobe Statistického spracovania a pod.

¢ vyrobcaudava RI s odkazom na vSeobecnu literatiru
(Thomas a pod.), to znamena, Ze RI neboli ziskané
pouzitim daného setu alebo analytického systému

e vyrobca udava RI s odkazom na originalny ¢lanok
- mozZe sa jednat o Studiu v ktorej bol pouzity

princip stanovenia zhodny s danym setom ale
nie realizovany konkrétnym setom
- praca pouZziva tento konkrétny set

Originalna praca moze alebo nemusi dostatoCne
Specifikovat vSetky potrebné detaily pre charakterizaciu
referencnej populacie, detaily Statistického spracovania
atd.

e vyrobca udava RI s dostato¢nou charakterizaciou
referen¢nej populacie, detaily Statistického spraco-
vania atd.

Tieto idaje mozZe vyrobca prezentovat v pribalovom
letaciku, v manuali k analytickému systému alebo dalSej
firemnej literature. Niekedy to distribu¢na firma doda
len na Specialne poziadanie.

2) RI ziskané z vlastnych dat

Toto je zriedkavejsi spdsob a obtiazne aplikovatelny
v celom spektre poskytovanych vySetreni. Vyrobcovia
diagnostickych systémov k tomuto ¢asto v svojich mate-
rialoch medicinske laboratoria vyzyvaju ale v praxi sa to
z viacerych dovodov neuplatiiuje. Je obtiazne zachovat
vSetky poziadavky, ktoré si spracovanie RI vyzaduje.

3) RI prebraté z literatury

Niekedy, ak nieje ind moznost, preberaju sa RI
z literatury ak sa v laboratériu presne reprodukuje
v literature popisana metoda.

4) RI tradované v laboratoriu z minulosti

Niekedy sa v laboratéridch pouzivaju ,tradované“
RI, casto bez jasného povodu, kedy, kym a na zaklade
¢oho boli zavedené.

Z vyssie uvedeného vyplyva, ze takéto RI maju réznu
validitu a hodnotu z hladiska pouZitia pre interpretaciu
vysledkov poskytovanych medicinskym laboratoriom.




PRESKUMANIE RI

Ak v zmysle poziadaviek normy ISO 15189 ma medi-
cinske laboratorium zabezpecCovat laboratorne vySetrenia
pre maximalny prospech pacienta, na odbornych pracov-
nikov laboratoria to kladie omnoho vysSie naroky nez
sa bezne v medicinskych laboratériach zabezpecuje.

Medicinske laboratérium musi pre kazdé vySetrenie
zabezpecif preskumanie RI, zdokumentovat ich vyber.

Minimalne to znamena preskumat vSetku dokumentaciu
danej metody alebo analytického systému dostupnu od vy-
robca. Zadovazit si citované originalne Studie a preStudovat
ich. Na zaklade preskimania tohto materialu vyhodnotit
charakteristiky a validitu uvadzanych RI a urobit zaver
ohladom potvrdenia ich platnosti pre pouZzivanie na hod-
notenie vysledkov ziskavanych danou metodou.

Pracovnici zodpovedni za kontrolu vysledkov, posky-
tovanie informacii a konzultacii by mali detailne poznat
validitu a obmedzenia pouzivanych RI.

V zmysle poziadaviek normy ISO 15189 ma medicin-
ske laboratorium pravidelne preskumavat platnost RI.
To je mozné hodnotif na zaklade korelovania viacerych
parametrov a klinickych udajoch o pacientovi. Bezny
LIS umoznuje sledovat tzv. pacientské priemery. Tam,
kde je dostatocna pocetnost vySetreni daného analytu
to mdze poskytovat cennu informaciu.

ZMENA VYSETROVACIEHO POSTUPU A RI

Slabym miestom byva zmena vySetrovacieho postupu.
V niektorych laboratéridch to byva neunosne casto.
V kazdom pade by sa mali tiez preskumavat RI. Tu je
potrebné k vyssie uvedenému postupu pridat porovnanie
hodnot vysledkov ziskanych povodnou a novou metodou
na rovnakom subore pacientskych vzoriek.

Toto sa v mnohych laboratoridch nerobi, je to na-
kladné, pracné a niekedy pri ,bleskovych® zmenach sa
to ani nestihne. Aj samotna interpretacia a praktické
zavery takéhoto porovnavania mozu byf nie len pracné
ale i problematické. (Ak nechceme mat problémy, radsej
neporovnavajme!).

Avsak data ziskané z takéhoto porovnavania metod,
analytickych systémov moézu dat neocenitelné informa-
cie pre zhodnotenie a vyber RI a jednak pre nalezity
postup pri ich interpretacii. Najma u dlhodobo moni-
torovanych pacientov pri naslednych kontrolach bez
tychto dat nieje mozné urobit primerané hodnotenie
dynamiky vysledkov. Ide o dynamiku v stave pacienta
alebo dosledok zmien v metode?

Tento aspekt sa Casto zanedbava. ZjednoduSene sa
povazuje za dostato¢né len uvedenie nového RI. Nie
vZdy to vyrie§ia len nové RI. V skuto¢nosti to nemusi
byt tak jednoduchg.

Pri porovnani RI dvoch metod podla udajov vyrobcov
mozu nastat a i nastavaju nasledovné situacie:

A) RI = RI,

B) RI, # RI,
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B1) RI je sirsi alebo uzsi ako RI,
B2) RI, je celkovo posunuty jednym smerom oproti
RI2
B3) RI, je z jednej strany zuZzeny alebo rozsireny
oproti RI,
B4) RI a RI, nie su v rovnakych jednotkach
Jednoducha je situacia A), zhoda v RI pdvodnej
(RI,) a novej (RI,) metody. V praxi vSak nastavaju
vSetky dalSie uvedené moznosti, ked sa RI povodnej
a novej metody nezhoduju.

Porovnanie novej a povodnej metody na subore pacientov

Porovnanie novej a povodnej metody (supravy alebo
analytického systému) na vysledkoch suboru pacientskych
vzoriek moze taktiez poskytnuf rozne situacie, ktoré
moézZeme zhrnut do nasledovnych moznosti:

Korelagng Parametre
- ) orelacn
. Standardné . v regresnej pri-
Priemery : koeficient
odchylky amky

Priemer, =

Priemer, S, =s, r=1 a= b=0
Priemer # s, #8, r#l azl1 b=0
Priemer2

Tieto jednotlivé parametre ziskané porovnavanim
dvoch metéd mozu byt v rdoznych vzajomnych kom-
binaciach. Nie je vynimoc¢né, Ze vysledky vzajomného
porovnavania nie su vOobec v sulade s tym, o by sa
dalo ocakavat z porovnania RI udavanych vyrobcom.
Napr. pre ocakdvanu zhodu RI, = RI, porovnanie metod
na subore pacientov moze ukazovat nezhodu prieme-
rov, Standardnych odchylok a regresnych parametrov.
Mobze nastat i situdcia, Zze vyrobcom uvadzané RI pre
novu metodu su vysSSie ale porovnania pacientov da
hodnoty nizsie!

Zvazovanie, pre ktory RI sa potom rozhodnut, ne-
musi byt vobec jednoduché. Znalost tychto informacii
vSak umoznuje aby vyber RI bol zodpovedny a taktiez
dava moznost zodpovedne vykonavat konzultacnu
¢innost a poradenstvo pri interpretacii laboratornych
vysledkov.

Prave tato garancia odbornosti sa od zodpovednych
pracovnikov v medicinskom laboratoriu o¢akava. Posky-
tovanie doveryhodnych vysledkov, kvalitnych informacii
a sluzieb.

KRITICKE HODNOTY (KH)

V kap. 5.5 VySetrovacie postupy, v ¢lanku 5.5.3 su
uvedené v polozkach Standardného pracovného postupu
pod bodom ,n) varovné hodnoty, ak je vhodné".
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V kap. 5.8 Oznamovanie vysledkov je ¢lanok 5.8.7
sa uvadza:

»Ak sa zisti, Ze vysledky vySetrenia rozhodujucich
parametrov sa nachadzaju vo ,vystraznych® alebo ,kri-
tickych® intervaloch, laboratorium musi mat postupy na
okamzité oznamenie tejto skutocnosti lekarovi (alebo
inému klinickému pracovnikovi, ktory je zodpovedny
za starostlivost o pacienta)”.

Clanok 5.8.8 uvadza:

»~Aby sa mohli plnit miestne klinické potreby, la-
boratérium musi po dohode s lekarmi, ktori st pouzi-
vateI'mi laboratornych sluzieb, urcit kritické vlastnosti
a ich vystrazné/kritické intervaly pre vSetky vySetrenia,
v€itane nominalnych a ordindlnych vlastnosti.*

Clanok 5.8.10 uvadza:

,Laboratérium musi udrzovat zdznamy o opatreniach
prijatych k vysledkom, ktorych hodnoty boli v kritickych
intervaloch. Tieto zaznamy musia obsahovat datum,
¢as, meno zodpovedného laboratorneho pracovnika,
meno oboznamenej osoby a vysledky vySetreni. Kazdy
problém, ktory sa vyskytne pri plneni tejto poziadavky
sa musi zaznamenat a preskumat pocas auditov.”

Problematika KH nie je nova. V neakreditovanych
laboratoriach sa vSak KH v prevaznej miere doteraz
rutinne nepouzivaju. Az v suvislosti s akreditaciou
medicinskych laboratérii, najmd podla ISO 15189, su
laboratoria nutené zaujimat o problematiku KH. Odkial
ich zobrat, ktoré vysSetrenia do KH zahrnut, aké konkrétne
hodnoty zvolit, oko oSetrit ich oznamovanie a pod.

Existuju viaceré publikacie odkial je mozné Cerpat
in§piraciu. KH mozu byt uvadzané bud ako absolutne
hodnoty alebo ako relativne nasobky prislusnej hodnoty
(dolnej alebo hornej) RI pre dany analyt. Tieto relativne
hodnoty sa lahSie prenasaju medzi réoznymi metodicky
zavislymi RI.

V kazdom pripade by medicinske laboratorium
malo navrh zoznamu vySetreni, navrh hodnét pre KH
a navrhovany spdsob hlasenia prejednat s potencialnymi
uzivatel'mi.

V niektorych pripadoch mézu byt vhodné pouzivat
diferencovany pristup podla typu klinického pracoviska
(iné napr. pre ambulanciu v§eobecného lekara a iné pre
Specializované 16zkové oddelenie).
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Moznosti odbornych spolo¢nosti a stavovskych organi-
zacii vplyvat na akreditaciu medicinskych laboratorii

Proces akreditacie jednoznacéne prispieva k zvySovaniu
kvality a doveryhodnosti sluzieb poskytovanych medi-
cinskym laboratériom. Norma ISO 15189, vypracovana
Specificky pre medicinske laboratoria, tlaci laboratoria
do aktivit orientovanych na rozvoj ich medicinskeho
charakteru a sluzieb pre prospech pacienta.

Napriek tomu, zZe proces akreditacie medicinskych
laboratorii bol v SR nastartovany uz pred viac nez 10
rokmi, pocet akreditovanych medicinskych laboratoérii
nezodpoveda pdévodnym ocakavaniam. Ako odbor bola
povodne lidrom KB, dnes sa nim stava napr. klinicka
patologia a cytologia.

Domnievam sa, Ze jeden s faktorov, ktory zbrzdil
nastup akreditacie medicinskych laboratorii v SR bola
nejednotnost postojov v odbornych spoloc¢nostiach
a profesijnych organizaciach. Boli to roky opakovane
predkladanych diskusii, Ci certifikacia alebo akreditacia,
¢i SNAS alebo nieco ,vlastné“ zdravotnicke a pod.
Snahy jednej skupiny neboli podporené inou skupinou
v neprospech kvality v odbore.

Na Slovensku mame narodny akreditacny organ SNAS,
ktory je medzinarodne akceptovany a ma dostatocné
skusenosti s akreditdciou medicinskych laboratorii Ci
uz podla starSej vSeobecnejSej normy ISO 17025 alebo
normy Specialne vypracovanej pre akreditaciu medicin-
skych laboratérii ISO 15189.

V procese akreditacie akreditujucim sa medicinskym
laboratoriam ale taktiez posudzovatelom SNAS chyba-
ju oficialne slovenské odborné stanoviska, metodické
doporucenia a Standardy o ktoré by sa mohli opriet
pri konkretizacii poziadaviek vSeobecne formulova-
nych v spominanych akreditacnych §tandardoch. Tu
je pre odborné spolo¢nosti a profesijné organizacie
dostatoény priestor na uplatnenie slovenskych S§pecifik
a pristupov. Proklamovany zaujem o kvalitu sa moze
stat skuto¢nostou.

SNAS je otvoreny spolupraci s odbornymi spolo¢-
nostami a profesijnymi organizaciami. Je tu priestor
na uplatinovanie odbornych hladisk pre aplikaciu akre-
ditacnych Standardov a pod.




PRAKTICKE VYUZITI METODOLOGIE SIX SIGMA 3 2700 66807
V KLINICKE LABORATORI 305 465 22750

4 63,3 6210

LUDEK SPRONGL 4.5 6.8 1350

5 0,573 233

§ Centra}nl laborator 5.5 0,038 31,7

Sumperska nemocnice a.s.
6 0,002 3,4

Pojem six sigma se poprvé objevuje v roce 1967
ve firmé€ Motorola, kde byla vytvofena nova strategie
pristupu ke kontrole kvality. Ta se brzy stala synonymem
»Sv€tové uznavané kvality“. Cilem této strategie bylo
minimalizovat chybovost na maximalné 3,4 ppm ¢i dpm
(part per million, defect per million), tedy 3,4 chyb
(Spatnych vyrobkl) na jeden milion procest (vyrobkul
celkem), coz lze uplatnit i pro vysledky laboratornich
analyz. Nazev six sigma je odvozen z toho, Ze v Gaus-
sové (normalnim) rozdéleni je 0,00034 % vysledki mimo
vzdalenost 6 6 (SD) od stredu.

Obrazek 1: Koncept six sigma metodologie:

/(':oncept of Six Sigma Process C:p:iﬂllty\

\ 655545352515 0 1s 25 35 45 S a)

Strategie six sigma vychazi z predpokladu, Ze proces
(v klinické laboratofi vysledky opakovanych méfeni)
ma normalni rozloZzeni. Dale se pfedpoklada, Ze nelze
dosahnou toho, aby stfedni hodnota procesu (prameér
méfeni) byla totozna s cilovou hodnotou (TV). Obvykle
se tyto dvé veli¢iny od sebe liSi a strategie six sigma
predpoklada maximalni odchylku 1,5 SD (o), coz
odpovida 12,5% toleran¢niho pole (z Gaussova roz-
déleni). Pocet chyb za danych predpokladi je uveden
v nasledujici tabulce:

pocet chyb (ppm)
sigma V=p pOSUI‘l pol,5
sigma
1 317311 691462
2 45500 308538
2,5 12419 158655
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Dalsi aplikaci této tzv. sigmametriky je definice Ci
urceni maximalni povolené chyby TE_ jednoho procesu
(méfeni). Cilem zlepSovani kvality podle uvedené stra-
tegie pak je dosahnout toho, aby velikost sigma, ktera
se vypocCte jako pomér maximalni povolené chyby (TE))
a relativni smérodatné odchylky (s), byla >6:

TE,

o=
N

kde TE_je definovana jako rozdil toleranc¢nich mezi:
TE, = USL - LSL.

Zhruba kolem roku 2000 se zacala metodologie six
sigma zavadé¢t i do klinickych laboratofi. Westgard pro
vypocet ¢ zavadi vzorec:

TE, - bias
c=——"-""
S

a tim pro analyzy s odliSnou cilovou hodnota a pri-
meéru, coZ plati pro naprostou vétSinu analytickych metod
v klinické laboratori, se jeSté zpfisiiuji kritéria strategie
six sigma. Pro praktické pouziti v klinické laboratofi
obvykle postaci vypocet ¢ bez pouziti hodnoty bias (a
to i vzhledem k problemati¢nosti stanoveni bias, at
jiz z diivodi ,nejistoty“ cilovych hodnot v kontrolnich
materialech, nebo malého poctu meéfeni pri aplikaci
doporuceného zpusobu stanoveni bias apod.).

Jak tedy aplikovat sigmametriku do praxe Klinickych labo-
ratori?

Pfi zavadéni sigmametriky by mély byt splnény
nasledujici predpoklady:

* nepritomnost autokorelace mezi daty

e normalni tvar rozloZeni

¢ stabilita stfedni hodnoty

K sigmametrice v obecném smyslu existuji dvé cesty
znazornéné na nasledujicich schématech - cesta méreni
vystupu (pocitani defektli), ktera je vhodna pro auto-
matické, vysoce Cetné procesy vyroby a cesta méfeni
variability, ktera se aplikuje v klinickych laboratofich.

Vyhodou prostfedi klinickych laboratoii je jasné
definovany proces a piesné, v oboru dlouhodobé pou-
zivané charakteristiky - smérodatna odchylka jako mira
variability (pfesnosti resp. nepfesnosti) a bias (odchyl-
ka) jako mira vychyleni. V laboratofich také existuje
propracovany systém sbéru kontrolnich dat a obvykle
nechybi zkuSenosti se statistikou pfi jejich zpracovani.
Je zde vSak obvykle problém, jak definovat nebo prevzit
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Méreni vystupu
Mefeni variability

Prohlidka vystup

a poditani defektl Mgfeni variability procesu

Prepocet defektu
na DPM(ppm)

Vypocéet priméru, SD
(a bias)

Pfevod DPM (ppm)
na sigmametriku

Prevod na sigma
metriku

toleranéni interval. Obecné je mozné definovat tfi cesty
k ziskani toleran¢niho intervalu
* analyticka kritéria vysledku (TE, TMU)
- odvozena z biologické Variabiliiy
- kriteria mezilaboratornich srovnavani (PT kriteria)

* klinicka kriteria vysledku (D, )

¢ individualni kriteria pro s, bias

Co je tedy vyhodou metodologie six sigma v labo-
ratori? PredevS§im zjednoduSeni vyjadfeni kvality méri-
ciho procesu. Neni nutné charakterizovat vztah mezi
nepresnosti metody a celkovou povolenou nejistotou
(TMU), ktery je charakteristicky pro kazdou jednot-
livou metodou. Cilem kvalitni laboratorni ¢innosti by
mélo byt dosazeni hodnot sigma 4-5. Za minimum lze
v laboratofi povazovat dosazeni hodnoty sigma 3. Nizsi
hodnoty signalizuji problematickou kvalitu sledované me-
tody. Hodnoty sigma tak jsou patrné€ nejobjektivnéjSim,
nejjednodussim a predevs§im nejprehlednéjsim méfitkem
procesu zlepSovani kvality.

Dale 1ze podle hodnot sigma velmi jednodusSe nasta-
vovat kontrolni pravidla - samozfejmé plati ¢im vyssi
hodnota sigma, tim jednodussi kombinace kontrolnich
pravidel. Hodnoty sigma lze vyuzit ve vSech postu-
pech, kde se dfive pracovalo s hodnotami varia¢nich
koeficientd.

Ale - v praktickém Zivoté neni vSe tak jednoduché,
jak nam nabizi teorie. Existuji metody, kde velmi tézko
dosahnete hodnoty 3, na druhé strané je fada metod
s lehce dosazitelnymi hodnotami nad 6. V prvém pfi-
padé bud neni obecn€ analyticka ¢ast procesu na dobré
urovni, tfeba i z objektivnich pficin. Pak se musime se
stavem smifit a pouzivat komplikovangjsi kontrolni systém.
Nékdy ale staci zménit metodiku ¢i dodavatele. V pfi-
padé s hodnotami sigma nad 6 je tfeba se zamyslet nad
spravné nastavenou hodnotou TMU. Dal§im problémem
je, pna které hladin€ koncentrace analytu urcit hladinu
sigma jako vyjadreni kvality procesu. Principialné€ by to
méla byt ta nejhorsi. Pfi nastaveni kontrolniho procesu
v téchto pripadech je potiebné nastavit jina kontrolni
pravidla pro jednotlivé hladiny kontrolnich méfeni.
V nasledujici tabulce je realny stav hodnot sigma u
nékterych metod v redlné laboratofi. Jako TMU jsou
brany hodnoty z EHK organizovaného SEKK
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Metoda Sigma Sigma Sigma
hladina 1 hladina 2 hladina 3
pH 25,2 18,3 19,1
LD 7.8 9,25 9,12
K 2,68 3,15 3,25
P 1,58 3,34 6,55
ALP 2,4 6 9,2
ALT 5.8 9,7 7
Ca 3,5 6,7 7,4
Albumin 11 13,5 21,4
Glukosa 3,7 6,4 8,9
IgA 4,4 4,6 6
APO B 2,4 2,8 31
Tnl 2,5 4,8 6,1
AFP 5,5 4,5
PSA 2,8 4,1
fT4 2,5 3,1 33
E2 2,8 3,8 4,2
APTT 10,8 4,7 4,2
Fibrinogen 2,8 3,7 2,0
WBC 5,1 10,6 16,9
RBC 22,2 15 12
Neutrofily 8,0 8.1 10,5

Samoziejmé by bylo zajimavé vztahnout hodnoty
sigma k teoretickym TMU (pocitanych z biologickych
variabilit). Pak by napfiklad u albuminu byly hodnoty
sigma tfetinové, u ALT naopak jeSté 2x vyssi. Pfi po-
rovnani této tabulky a tabulky poctu chyb (viz vyse) lze
odhadnou, kolik chybnych vysledki (mimo toleranéni
meze) pro danou metodu laborator pravdépodobné
vyda. Pro hodnotu sigma 6 jsou to 3 chybné vysledky
na milion méfeni, tedy v podstaté jedna chyba na
300000 vysledkd...

Zavérem lze shrnou, Ze metodologie six sigma je
ucinnym pomocnikl v procesu zlepSovani kvality v labo-
ratofi. Nelze ji vSak aplikovat bez hlubsiho porozuméni
a dodrzZeni vS§ech uvadénych predpokladt pro jeji pouZiti.
Zatim je vhodné pracovat jak s klasickymi metodami,
tak s touto metodologii a postupné na ni prechazet.

LITERATURA:

Friedecky, B.: Six sigma. Universalni indikator kvality labora-
tornich vysetfeni v budoucnost? FONS 2/2007, 24-26.

Sprongl, L. a kolektiv: Pfirucka k vnitini kontrole kvality,
CSKB, 2008, ISBN 978-80-254-1130-8.

Westgard, J.O.: Six Sigma Quality - Design and Rules,
2006, ISBN 1-886958-23-8, www.westgard.com.




NOVY POHLAD
NA FENYLKETONURIU

OTO URGE"?, JAROSLAVA STRNOVA'!

Klinika pre deti a dorast A. Getlika SZU
FN Bratislava
’Synlab.SK s.r.o., Limbova 5
Bratislava

Fenylketonuria (FKU) je autozémovo recesivna de-
di¢na metabolicka porucha aminokyselin. U kaukazskej
populacie patri medzi najcastejSie monogénové ochorenia
s vysokou priemernou incidenciou asi 1:10 000. Pri¢inou
klasickej formy fenylketonurie je geneticky podmienena
zmena v Strukture génu pre fenylalaninhydroxylazu (FAH).
Lokus pre tento enzym je umiestneny na 12 chromozéme.
V sucasnosti je znamych viac ako 500 identifikovanych
mutacii v géne pre FAH. Chybanie alebo nedostato¢na
aktivita enzymu fenylalaninhydroxylazy sposobuje hroma-
denie aminokyseliny fenylalaninu, nedostatok tyrozinu
a vylucovanie fenylketonov mocom. Kazdé zvySenie
koncentracie fenylalaninu v krvi ma za nasledok predo-
vSetkym poskodenie centralneho nervového systému.
V klinickom obraze u nelieCenych pacientov dominuje
mentalna retardacia a krée. Deti maju vacéSinou svetlé
vlasy, modré oc€i, svetlu pokozku a ekzémy.

V sucasnej dobe vieme zabezpecCit primerany soma-
ticky a psychicky vyvin deti s fenylketontriou véasnym
zachytom ochorenia, ktory je realizovany kvalitnym no-
vorodeneckym skriningom a rychlym zapocatim liecCby.
U kazdého pacienta sa zvoli najoptimalnejSi liecebny
rezim, ktory vyzaduje aj pravidelné a komplexné sledo-
vanie efektivnosti lieCby a vyvinu dietata, spolupracu s
rodinou a dodrziavanie lieebnych odporucani.

Zabezpecenie starostlivosti o pacientov s fenylke-
tonuriou na Slovensku sa riadi Metodickym pokynom
uverejnenym vo Vestniku Ministerstva Zdravotnictva SR.
Fenylketonuria (hyperfenylalaninémia) patri do skupiny
dedi¢nych metabolickych portuch, ktoré su v dnesnej dobe
uspesne lieGitelné. Priekopnikom v liecbe FKU sa stal
nemecky profesor Horst Bickel, ktory uz v roku 1953
ako prvy publikoval pracu o vplyve nizkofenylalaninovej
diéty na hladinu Phe v krvi a tym aj na klinicky stav
dietata. Od toho cCasu liecba fenylketonurie vyrazne
pokroc¢ila. Dnes uz vieme aj to, Ze HPA je roznorodym
ochorenim, ¢im sa lieCba stala opat zlozitejSou. Nie
vietky typy FKU mozno liedit nizko bielkovinovou
diétou so suplementdciou aminokyselinovych zmesi
bez fenylalaninu. V niektorych pripadoch je tato liecba
neucinna, v inych pripadoch zbytocna.

Viacsinu pacientov tvori tzv. hyperfenylalaninémia
(HPA) typu 1. - t,j. klasicka FKU. Povinnostou klinic-
kych pracovnikov je oddiferencovat tento typ HPA od
ostatnych a zabezpecif dodrziavanie urcitej ,odporu-
Cenej“ stratégie.
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Sucasna moderna liecba FKU je zaloZena na prisnej
nizko bielkovinovej diétnej lieCbe v kombinacii s kva-
litnymi pripravkami (aminokyselinové zmesi), ktoré
spifiaju aj tie najnaroénejsie kritéria. U pripravkov
ide hlavne o presny pomer jednotlivych aminokyselin,
mineralnych latok, stopovych prvkov a vitaminov po-
trebnych pre jednotlivé vekové kategorie a v zavislosti
od hmotnosti pacienta.

Dolezité je aj presné dodrZiavanie davky bielkovin a
energie pre negativny vplyv katabolizmu a tym paradoxné
zvySenie koncentracii fenylalaninu v krvi, ktory pochadza
z odburavania vlastnych bielkovin v organizme. Velmi
dolezité je pravidelné podavanie aminokyselinovych
zmesi rozdelené do 3 az 5 davok za den.

Osobitné postavenie ma lieCba novorodenca s fenyl-
ketonuriou. Nové moderné liecebné pripravky bez fenyl-
alaninu s dostatoénym obsahom bielkovin a energie
umoznuju takmer u vSetkych pripadov kombinaciu diétnej
liecby a dojCenia. Ide o vyznamnu zmenu v doterajSej
stratégii lieby FKU, pri ktorej dojéenie bolo pre menej
kvalitné pripravky kontraindikované.

Nazory na trvanie diétnej lieCby sa taktieZ vyrieSili.
Fenylketonuria je povazovana za celozZivotné ochorenie,
lieCba sa neprerusuje a je celozivotna.

Zvlastna pozornost sa v sucasnej dobe venuje hlavne
pacientkam s fenylketonuriou. Dokazalo, Ze zvySena
koncentracia fenylalaninu (Phe) v krvi matky vplyva
v gravidite negativne na vyvoj plodu. Pri¢inou mozné-
ho poskodenia plodu moze byt neplanovana gravidita,
nedodrzanie diéty pred koncepciou, nespravne diétne
pripravky resp. aj nezistena a tym aj nelieena hyperfe-
nylalaninémia. NajrizikovejSim obdobim u maternalnej
fenylketonurie je prvy trimester gravidity. Je dokaza-
né, Ze aj mierne zvySené hodnoty fenylalaninu mozu
vyvijajuci sa plod poSkodit. Ide najcastejSie o abortus,
malformacie (dysmorfia tvare), posSkodenie CNS s na-
slednou mentalnou retardaciou, mikrocefalus, vrodené
chyby srdca a nizku pérodna hmotnost (pod 2500g ).
A7 90 % deti matiek s maternalnou formou FKU, ktoré
mali pocas gravidity zvySené koncentracie fenylalaninu
v krvi, byva poSkodenych.

Stratégia diétnej liecby
A. Stratégia lieCby fenylketonurie v dneSnej dobe pozosta-
va vo vyvaZzenom prijme aminokyselinovych zmesi (tzv.
dietetickych pripravkoch)
B. vnizkobielkovinovej diétnej lieCbe s presne vypocitanym
obsahom fenylalaninu v strave
. v dostato¢nom prijme energie
. z pravidelného monitorovania koncentracii fenylalaninu
v sére pacienta

wNQ]

A. AMINOKYSELINOVE ZMESI

Zakladom lieCby fenylketonurie su aminokyselinové
zmesi - tzv. zakladné pripravky. Ich podavanie zabez-
pecuje dostatocny privod aminokyselin bez fenylalani-
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nu, ¢im sa kompenzuje znizeny prijem bielkovin pri
nizkobielkovinovom diétnom rezime. Aminokyseliny sa
vyrabaju metodou génového inzinierstva. Samozrejme
ich sucastou je aj zodpovedajuce mnoZstvo mineralov,
stopovych prvkov a vitaminov pre konkrétnu vekovu
skupinu. Napriek ich vysokej kvalite maju aj urcité
nedostatky, ako su vona, chutf a rozpustnost.

Rozdelenie aminokyselinovych zmesi.

V liecbe FKU v poslednej dobe nastal pomerne
velky rozvoj. Na trh sa dostali nové pripravky, ktoré
Ciastocne eliminuju negativne chutové vlastnosti za-
kladnych pripravkov. V sucasnosti moZeme dostupné
aminokyselinové zmesi rozdelit na
1. zakladné pripravky (rozne druhy podla veku pacienta)
2. doplnkové pripravky - praskové a iné formy
3. doplnkové pripravky - tekuté formy

1. Zakladné pripravky

Uvedeny typ tvori zaklad lieCby fenylketonurie.
Takmer vSetky pripravky tejto skupiny su plne hradené
zo zdravotného poistenia. Vac¢Sinou su balené v dozach
po 500 gramov, priCom davkovanie je individualne
a riadi sa vekom a hmotnostou pacienta. Pre lieCbu
novorodencov so zistenou fenylketonuriou su k dispo-
zicii Specialne zakladné pripravky, ktoré pripominaju
bezné preparaty umelej vyZivy obohatené o optimalne
zlozenie mastnych kyselin, zabezpecujucich primerany
vyvin centralneho nervového systému.

2. Doplnkové pripravky (praskové formy)

V snahe kompenzovat negativne vlastnosti zakladnych
pripravkov a vSeobecne ulahcif Zivot pacientom s fenyl-
ketonuriou sa objavili na trhu nové pripravky. Vacsinou
sa jedna o modifikovany zakladny pripravok, ktory je
v praktickom priblizne 30 gramovom baleni (sacky),
¢asto uz ochuteny s lepSou rozpustnostou a niekedy aj
s mensSim celkovym objemom. Podobne aj tieto priprav-
ky su rozdelené podla vekovych kategorii. Ich pouzitie
mozZe byt vo forme napoja alebo aj polievky. Pomerne
vyznamnou zmenou Vv tejto skupine pripravkov bolo
pridavanie esencialnych mastnych kyselin optimalneho
zlozenia pre najmladsSiu vekovu skupinu deti. Tieto na-
pomahaju optimalnemu vyvinu centralneho nervového
systému a zraku.

3. Doplnkové pripravky (tekuté formy)

Uplnou novinkou pre pacientov bol prichod tekutych
foriem. Tieto pripravky vyznamne ulahcuju diétny rezim
mnohym pacientom s fenylketonuriou v adolescentnom
veku a v dospelosti. Ide o aminokyselinové zmesi v te-
kutej forme v praktickom najcastejSie 125 alebo 250 ml
baleni. VSetky pripravky tejto skupiny su ochutené
(lesné ovocie, tropické ovocie, citrus, pomaranc). Ich
praktickost spociva v tom, ze nevyzaduju ziadnu pri-
pravu a su vhodné na pouzitie hlavne v Skole, praci,
vyletoch, zabave a pod.
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B. NIZKOBIELKOVINOVA DIETNEJ LIECBA

Druhou najdoélezitejSou sucastou komplexnej lieCby
pacientov s fenylketonuriou je $pecialny nizkobielkovi-
novy diétny rezim. Jeho podstatou je presne vypocitana
davka fenylalaninu v strave pacienta, ktora je prisne
individualna podTa tzv. tolerancie fenylalaninu. Toleran-
cia fenylalaninu je u kazdého pacienta ina podla typu
FKU, preto aj jedalny listok pacientov je trochu odlisny.
Urcenie mnozstva prijatého fenylalaninu v strave sa meni
a upravuje podla koncentracii Phe v sére, ktoré musia
byt v pripustnych bezpecnych hodnotach. Podstatou
stravy pacientov su nizkobielkovinové potraviny. Ich
ponuka sa v poslednom cCase vyrazne zlepSila a su aj
sucastou zoznamu dietetickych potravin hradenych zo
zdravotného poistenia.

Dostatoc¢ny prijem energie

Velmi doélezité je aj dodrziavanie dostatocného
prijmu energie pre negativny vplyv katabolizmu a tym
paradoxné zvySenie koncentracii fenylalaninu v krvi,
ktory pochadza z odburavania vlastnych bielkovin v or-
ganizme. V niektorych pripadoch sme nuteni kontrolovat
a aj zvySovat prijem energie podla individualnej zataze
pacienta a jeho potrieb. Aj ked cukry a tuky v diétnom
stravovani neobmedzujeme, Casto sa zlepSia kontrolné
hodnoty Phe v krvi az po pridani §pecialnych oligosa-
charidov (maltodextrin).

Monitorovanie koncentracii fenylalaninu v sére

S diétnou liecbou uzko suvisi pravidelné monito-
rovanie koncentracii fenylalaninu v krvi pacienta. Zo
ziskanych vysledkov sa zistuje tolerancia organizmu na
fenylalanin a upravuje sa diétny rezim. Stanovenie feny-
lalaninu sa v praxi vykondva priamo zo séra, zo suchej
kvapky alebo aj kompletnym vySetrenim aminokyselin
v sére a v moc€i v pravidelnych intervaloch v zavislosti
na veku a dodrziavani diéty.

Najnovsie poznatky

V poslednych rokoch sa objavili v odbornej literature
informacie o moznosti lieCby urcitych typov fenylke-
tonurie kofaktorom enzymu fenylalaninhydroxylazy
(FAH) - tetrahydrobiopterinom (BH4). Jeho mozné
pouzitie v beZnej praxi vyzaduje eSte klinické Studie.
Doterajsie vysledky poukazuju na to, Ze na liecbu BH4
reaguju hlavne pacienti s aspon cCiasto¢ne zachovanou
aktivitou enzymu (FAH), ktory je priamo zodpovedny
za vznik ochorenia. Ide vd¢sinou o miernu alebo Tahku
formu fenylketonurie. Klasicka forma s tazkym deficitom
aktivity enzymu je na lieCbu rezistentna.

Inou perspektivnou moznostou lieby FKU v buduc-
nosti by mohlo byt pouzivanie enzymu fenylalaninamo-
niumlyazy (PAL) v mikrokapsulach. Ide o bakterialny
enzym, ktory v zaZivacom trakte dokaze premenit Cast
stravou prijatého fenylalaninu na neSkodné zlucCeniny,
¢im sa zredukuje mnozZstvo fenylalaninu, ktoré sa do-
stane do krvi.




Poslednym perspektivnym pripravkom by mohli byt
aminokyselinové zmesi velkych neutralnych aminokyselin
(LNAA = large neutral amino acids). Ich u¢inok sa vy-
svetluje tym, Ze fenylalanin s neutralnymi a rozvetvenymi
aminokyselinami sufazi o transport cez hematoencefa-
licku bariéru. Ked' je koncentracia fenylalaninu v krvi
vysoka, vyhrava v sutazi o transportny mechanizmus
a dostava sa do mozgu na ukor inych aminokyselin.
Zvyseny prisun LNAA zvyhodni ich transport na ukor
fenylalaninu, ¢o sposobi v mozgu zniZenie koncentracii
fenylalaninu a zmierni deficit tychto aminokyselin.

Pravdepodobne definitivhym lieCebnym postupom
bude u pacientov s fenylketonuriou génova terapia.
V sucasnosti existuje klonovany gén, zvieraci model,
skusaju sa ,prenasace“ genetickej informacie, tzv. vi-
rusové vektory. NedorieSenymi otazkami ostava kratky
efekt lieCby, bezpecnost a problém imunitnej reakcie.
Vyriesenie tychto problémov bude znamenat revolu¢né
zmeny Vv lieCbe fenylketonurie ako aj ostanych metabo-
lickych poruch.

Fenylketonuria je ochorenim celoZivotnym. Sucasna
moderna liecba tohto ochorenia umoznuje vSetkym pa-
cientom Zzit plnohodnotnym Zivotom. Neprerusenie diétnej
lieCby u pacientov s fenylketonuriou je v dneSnej dobe
uz samozrejmostou. Vdaka novym lieCebnym postupom
sme svedkami toho, Ze liecba je zo strany pacientov
plne akceptovana, umoznuje im dosiahnut vzdelanie na
najvyssej urovni ako aj uplatnenie v Zivote.
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SUHRN

Vitamin D patri do skupiny v tukoch rozpustnych pro-
horménov. Je biologicky neaktivny a aby sa stal aktivhym
1,25 dihydroxyvitaminom D, musi sa dvakrat hydroxylovat,
v peceni a v oblickach. Dve najvyznamnejSie formy vitami-
nu D st vitamin D, (cholekaciferol) a vitamin D, (ergokal-
ciferol). Vitamin D, vznika z 7-dehydrocholesterolu, nacha-
dzajuceho sa v kozZi, po expozicii ultrafialovym Ziarenim.
Viac ako 95 % 25(OH)-vitaminu D meratelného v sére tvori
25(OH)-vitamin D,, zatial co 25(OH)-vitamin D, dosahu-
je meratelné hodnoty iba u pacientov, ktorym je podavany
medikamentozne.V praci sme porovnali analytické moz-
nosti, vyhody, nevyhody a valida¢né charakteristiky dvoch
metod stanovenia 25(OH)-vitaminu D, ktoré boli uvedené
v minulom roku do klinickej laboratérnej praxe. Su to meto-
dy zaloZené na roznych principoch merania.

SUMMARY

Vitamin D belongs to the group of fat-soluble prohor-
mones. It has no hormone activity itself, but is converted to
active hormone (1,25 dihydroxyvitamin D) through hydro-
xylation in skin and kidney. The two major forms of vitamin
D are vitamin D, (cholecalciferol) and vitamin D, (ergo-
calciferol). Vitamin D, is produced from 7-dehydroxycho-
lesterol in skin exposed to ultraviolet radiation. More than
95 % of 25(0OH)-vitamin D detectable in serum is found to
be 25(OH)-vitamin D, whereas 25(OH)-vitamin D, is me-
asurable only in supplemented patients. In the present stu-
dy we have compared two analytical methods of measuring
25(OH)-vitamin D, concentrations in human serum, that
have been recently introduced into clinical laboratories,
from the point of view of analytical possibilities, advanta-
ges, disadvantages and validation characteristics. These two
methods are based on different measuring principles.

UVOD

Vitamin D nespiiia klasické kritéria definicie pre vita-
min, teda latku, ktoru organizmus potrebuje, ale nevie si
ju syntetizovat. Ide o v tukoch rozpustny prekurzor steroid-
ného hormonu, ktory je produkovany hlavne v kozi po vy-
staveni slneCnému Ziareniu. Syntéza posobenim slne¢ného
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Ziarenia by mala staCit na pokrytie az 80 % dennej potreby,
v zavislosti na zemepisnej Sirke a roénom obdobi. V potravi-
nach sa vitamin D nachadza v rybom tuku, vajeénom Zitku,
mlieku a rastlinach (1).

Existuju dve vyznamné formy vitaminu D: D, (cholekal-
ciferol) a D, (ergokalciferol) lisiace chemickou strukturou
v boénych retazcoch. Ergokalciferol je latka rastlinného
povodu, cholekalciferol je tvoreny in vivo. V kozi pritomny
7-dehydrocholesterol je konvertovany posobenim UV Ziare-
nia na 7-dehydrocholekalciferol. Termickou izomerizaciou
je dalej syntetizovany vlastny vitamin D.. Ucinnost prieni-
ku svetla je pod kontrolou kozného pigmentu. Posobenim
enzymu 25-hydroxylazy sa v peceni hydroxyluje na 25(O-
H)-vitamin D .. K dalSiemu metabolickému kroku dochadza
v obli¢kach, a to v mitochondriach buniek proximalneho
tubulu (podla najnovsich poznatkov aj v distalnom tubu-
le a v zbernych kanalikoch), kde pésobenim enzymu 1-o-
hydroxylazy dochadza k premene 25(OH)-vitaminu D, na
hlavny metabolit 1,25 (OH) -vitamin D, (2).

Podobne je aktivovany aj vitamin D,. Zatial co domi-
nantnym aktivatorom tohto enzymu je parathormon, naj-
vyraznejsimi inhibitormi su kalcium, fosfat a 1,25 (OH),-
vitamin D.. Centralny enzym metabolizmu vitaminov D,
a D,: 1-0- hydroxylaza - je aktivovany stimulaciou Specific-
kych receptorov v epitelovych bunkach oblickovych kanali-
kov cestou klasickych i novo objavenych bunkovych poslov
(2).

Vitamin D a jeho hydroxylované metabolity su lipofilné
latky, malo rozpustné vo vode. Podliehaju enterohepatalne-
mu obehu. Lipofilné molekuly si v plazme prenasané k cie-
Tovym tkanivam transportnymi bielkovinami. NajdoleZitej-
Sie z nich st a.1-globulin a Specificky protein viazici vitamin
D- transkalciferin (DBP-vitamin D binding protein). DPB
sa vyznacuje vysokou afinitou zvlast k 25(OH)-vitaminu D..
Naopak, pomerne slabo viaze 1,25 (OH) vitamin D, ¢im
sa tento hormon stava biologicky lahko dostupny (2).

Metabolizmus 25(OH)-vitaminu D, je pomerne poma-
ly a spatna vizba regulacie jeho produkcie menej tesna.
Z tohto dovodu sa hladina 25(OH)-vitaminu D, v sére zvy-
Suje umerne s prijmom vitaminu D; je tak dobrym ukazova-
telom metabolizmu celkového mnozstva vitaminu D v orga-
nizme.Vacs§ina meratelného vitaminu D (>95%) v sére sa
nachadza vo forme 25(OH)-vitaminu D, zatial ¢o 25(OH)-
vitamin D, sa objavuje iba u suplementacie vitaminom D,.

Vitamin D je doélezitym diagnostickym ukazovatelom
metabolizmu kosti v kombinacii s parathorménom a dalsi-
mi kostnymi ukazovateI'mi. Nedostatok vitaminu D je naj-
beznejSou pri¢inou sekundarnej hyperparathyroidozy, ale aj
nasledkom vzniku dal§ich ochoreni.

Moznosti stanovenia vitaminu D vychadzaju z jeho fyzi-
kalno-chemickych vlastnosti:

Chemické metody (fotometrické a fluorimetrické) su
malo citlivé a Specifické a su limitované koncentraciou a
Cistotou vzorky, ktora nesmie obsahovat dalSie vitaminy
rozpustné v tukoch (napr. vitamin A).

Chromatografické metody (priklady su v tabulke 1). Vy-
hodou tychto metod je ich Specifita a selektivita, nevyhodou
technicka a ¢asova naro¢nost.
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Tab. 1. Priklady stanovenia vitaminu D
chromatografickymi metodami

Tab. 2. Priklady stanovenia vitaminu D
imunochemickymi metodami

Analyt Metoda, Priprava detek-
material vzorky cia
25(0OH) - GC, plazma | Deproteinacia MS
vitamin D, acetonitrilom,
vitamin D,
1,25 (OH), | GC, plazma | Deproteinacia MS
- vitamin D, chloroform
Metanol, Sephadex
LH-20
25(0OH) - LC, Extrakcia etanol uv
vitamin D, | fortifikované | +NH4OH+dietyéter+ 265
mlieko hexan nm
Zorbax Si 10 um
Hexan-2-propanol(98:2)
25(0OH) - LC, sérum | Deprot.acetonitril, uv
vitamin D2 SPE:C18, Zorbax Si 254
25(0OH) - Oum nm
vitamin D, Hexan-2-propanol
(98:2)
25(0H) - LC, sérum | Deproteinacia uv
vitamin D, metanolom 264
25(0H) - Extrakcia hexanom nm
vitamin D, Ultrasil ODS, 10 um
Legenda:

GC - plynova chromatografia, LC - kvapalinova chromatografia,
MS - hmotnostna spektrometria

Imunochemické metody. Vyhodou je aj kratka doba ana-
lyzy a moznost aplikacie na autoamtické analyzatory. V ta-
bulke 2 su priklady niektorych imunochemickych metéd.

V nasej praci sme stanovili 25(OH)-vitamin D, dvoma
metodami, ktoré boli uvedené v minulom roku (2007) do
klinickej laboratornej praxe. Ulohou bolo porovnat analy-
tické moznosti, vyhody a nevyhody, validacné charakteristi-
ky metod zaloZenych na roznych principoch stanovenia.

MATERIAL A METODY

25(OH)-vitamin D, sme stanovili v siubore 77 premeno-
paualnych Zien vo veku 20-40 rokov HPLC systémom (LC-
20 AD, SHIMADZU - Japonsko) s UV detekciou a dia-
gnostickou supravou firmy Chromsystems. Ako biologicky
material sme pouZzili sérum ziskané odberovou stipravou so
separacnym gélom. Odber sa robil v jesennych mesiacoch
roku 2007.

Principom HPLC metody je izolacia 25(OH)-vitami-
nu D, a 25(OH)-vitaminu D, zo séra deproteinaciou, s
naslednou niekol'konasobnou selektivnou extrakciou po-
mocou SPE koloniek. Po premyti a eltcii SPE koldéniek sa
ziskany eluat separuje na analytickej kolone izokratickym
systémom, pricom sa obidva metabolity, 25(OH)- vitamin
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Analyt Metot!z'l, Prlprava’ vzorky, Detekcia
material kolona
Deproteinacia .
25(0OH) - RIA acetonitrilom, Kompetl—
. . . tivna
vitamin D, plazma Nucleosil-10- reakcia
NO,,10um
1.25 (OH) RIA Extrakc'1.a benzénom Kompetl—
~itamin DZ lazma RSIL-silica,5 um tivna
3 P Hexan-2-propanol reakcia
25(0OH) -
vitamin D, Deproteinacia Kompeti-
lv?;él?f]))z i p}:ﬁ; a Metanol-HCl, tivna
s .
2425(0H), SPE C18 reakcia
vitamin D,
25(0OH) - Chemilu- Kompeti-
vitamin D, | miniscencia | Bez Gpravy tivna
(ROCHE) sérum reakcia

D, a 25(0OH)- vitamin D, deteguju na UV-VIS detektore pri
264 nm.

Technicky narocnym krokom je priprava vzorky. K ana-
lyze je potrebnych 500 mikrolitrov vzorky (sérum, plazma,
kalibrator, kontrola). Schéma pripravy vzorky na stanovenie
obsahuje 2 kroky - extrakciu rozpustadlom a nasledne fazu
Cistenia na chromatografickej SPE koldnke. Zalezi na pola-
rite pouzitého rozpustadla, i extrakcia zahfna vitamin D
vratane jeho metabolitov, alebo je orientovana selektivne.

Stabilita pripravenej vzorky je 2 tyzdne pri teplote
2-8°C bez pristupu svetla. Obidva metabolity vitaminov
kvantifikujeme na interny Standard (4).

Druhou metédou bola bolo stanovenie supravou firmy
Roche na imunochemickom analyzatore Modular E170
(Roche, Svajéiarsko), zalozenou na principe kompeticie
s elektrochemiluminiscenc¢nou (ECL) detekciou.

Elektrochemiluminiscencia je proces, v ktorom je chemi-
luminiscen¢na reakcia a nasledna emisia svetla zo zluceniny
ruténia iniciovana elektricky, a to vystavenim roztoku vzorky
elektrickému napétiu. Dve elektrochemicky aktivne substan-
cie - ruténiom znacena protilatka a tripropylamin (TPA),
ktory je zlozkou meracieho timivého roztoku, vstupuju do re-
akcii, ktorych dosledkom je emisia svetla. [on ruténium-tris(-
bipyridyl)*" v excitovanom stave prechadza do pdvodného
stabilného stavu. Do excitovaného stavu sa dostava redukciou
Ru(bpy)33+ na Ru(bpy)32+. Redukcia je sprostredkovana
TPA. Na povrchu elektrody je TPA oxidovany na TPA e+ -
kladne nabity radikal, ktory samovol'ne uvolfiuje proton, ¢im
sa stava nestabilnym. Tento radikal v dalSom kroku odovzda-
va svoj elektron komplexu Ru(bpy)33+, ktory tak prechadza
do excitovaného stavu Ru(bpy)32+. Excitovany stav sa stra-
ca emisiou svetla detegovatelnou pri 620nm. Obe reakcie
prebiehaju sucasne. Tento efekt sa dosiahne aplikovanim
napitia na imunochemicky komplex, ktory je pritiahnuty




nV

15 Del.A Ch
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min.
1 DetA Ch 1: 265 nm
Detektor UV-VIS 265nm
Analyt Retencny cas | Koncentracia
(min.) (ug/l)
25(0OH) - vitamin D, 4,011 29,348
25(0H) - vitamin D, 4,348 28,443
Interny Standard 6,397 0,000

Obr. 1. Chromatograické stanovenie vitaminu D

viazbou na magnetickej Castici k povrchu elektrédy v mera-
cej cele systému (5).

V pripade stanovenia vitaminu D, diagnostickou stpra-
vou firmy Roche ide o kompetitivnu elektrochemilumiscen-
ciu: 25(OH)-vitamin D, vo vzorke (35ul) (za sucasnej de-
aktivacie vdzbového proteinu) sutazi s biotinom znaCenym
vitaminom D, o vézbové miesto Specifickej protilatky zna-
¢enej ruthéniom (6). Vytvoreny imunokomplex je v dalSom
kroku naviazny na magnetické mikrocCastice potiahnuté
streptavidinom. Reakéna zmes je nasata do meracej cely,
kde su mikrocCastice zachytené magnetickym polom na po-
vrchu elektrody a nasledne dochadza ku detekcii uz vyssie
spominanym procesom elektrochemiluminiscencie.

Vysledky su vyhodnotené na zaklade kalibracnej krivky.
Reagencie su vybavené Ciarovym kédom, ktory sluzi nielen
na automaticku identifikaciu prisluSnej stupravy, ale zaroven
obsahuje aj udaje tykajuce sa balenia (vyZadovanu techno-
logiu, pipetované objemy, parametre zakladnej kalibracnej
krivky, atd.) (7). Test je Standardizovany oproti kvapalino-
vej chromatografii s tandemovou hmotnostnou spektromet-
rickou detekciou LC-MS-MS (6).

VYSLEDKY

25(OH)-vitamin D, sme vySetrili v subore 77 preme-
nopauzalnych zien vo veku 20-40 rokov. Vysledky sa po-
hybovali v rozsahu od 12,3 ug/l do 64,9 ug/l. Porovnanim
metod sme ziskali korelaciu (y=1,1043x+0,708) R=0,852
(obr. 2). Vysledky ziskané metodou zaloZenou na princi-
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y =1,1043x + 0,708
R =0,852
70
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Obr. 2. Korelacia medzi vyskedkami ECL a HPLC metody

pe ECL vykazuju v priemere 13 % negativnu odchylku od
vysledkov ziskanych metodou HPLC. Nespornou vyho-
dou HPLC metody je simultanne stanovenie aj metabolitu
25(OH)-vitamin D, (obr 1), ¢o vSak ma vyznam iba u pa-
cientov suplementovanych vitaminom D,.

DISKUSIA

25(OH)-vitamin D, sme merali metodami s roznym
principom stanovenia. Meranie HPLC systémom je tech-
nicky naro¢né. Doélezitym krokom je manualna priprava
vzorky, ktorej spotreba (500 ul) je oproti stanoveniu ECL
principom (35 ul) ovela vacsia. Vyhodou HPLC metddy je
mozZnost stanovit sucasne aj 25(OH)-vitamin D,. M4 tiez
$irsi meraci rozsah (1,4-250ug/1).

Pri stanoveni 25(OH)-vitaminu D, diagnostickou stpra-
vou firmy Roche odpada praca s predpripravou vzorky, vy-
razne sa tak skrati ¢as analyzy (z 3,5 hodin na 18 minut!).
Proces je automatizovany a je moznost pracovat s primar-
nou skumavkou.

ZAVER

Porovnanim vysledkov HPLC a ECL metod sa zistila
pomerne dobra korelacia. Napriek tomu, Ze HPLC metdda
patri medzi doporucované metody, automatizované stano-
venie 25(OH)-vitaminu D, principom ECL prinasa nespor-
ne mnoZzstvo vyhod pre dennu laboratérnu prax.
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SUHRN

Zo skupiny vitaminov D sl najdolezitejSie vitamin D,
(cholekalciferol) a vitamin D, (ergokalciferol). VéacSinu po-
trebného vitaminu D, si organizmus tvori v kozi u¢inkom ul-
trafialového Ziarenia na 7-dehydrocholesterol. Iba malu Cast
prijima potravou Zivocisneho pdvodu, ako su vajeény zitok
alebo olej z rybacej pecene. V organizme sa nachadzaju v nie-
kolkych formach: 25(OH)-vitamin D, a 25(OH)-vitamin D,
su najdoleZzitejSimi metabolitmi vitaminov D nachadzajiacich
sa v krvi a su odrazom ich zasob v organizme. V spolupra-
ci s osteocentrami v KoSiciach, Lubochni, Banskej Bystrici,
Piestanoch a Bratislave sme urobili epidemiologicku Studiu,
ktorej ciefom bolo zistif koncentracie 25(OH)-vitamin D,
v populacii premenopauzalnych Zien na Slovensku. Studie
sa zucastnilo 162 zdravych Zien vo veku 23-41 rokov. Odber
materialu sa robil v jesennych mesiacoch roku 2007, sérum
bolo az do vySetrenia zmrazené pri -20°C. Analyzy sa robili
vysokoucinnou kvapalinovou chromatografiou (LC-20 AD,
Shimadzu- Japonsko) s UV detekciou, reagencnym kitom fir-
my Chromsystems. Hodnoty 25(OH)-vitaminu D, sa pohybo-
vali v rozmedzi 32,58 £12,25 ug/1 (priemer=SD). Rozdelenie
hodnét nebolo gausovské, krivka bola posunuta k niz§im hod-
notam. 49,38 % zZien mala hodnoty nizSie ako 30ug/l, najniz-
Sie koncentracie boli u zien vo veku 38-43 rokov, najvysSie
u 23-25-roénych, rozdiely v§ak neboli Statisticky vyznamné.

Zaver: Deficit 25(OH)-vitamin D, sme nasli az u 49,38 %
sledovanych zdravych slovenskych premenopauzalnych Zien.

SUMMARY

Vitamin D, (cholecalciferol) and vitamin D, (ergocal-
ciferol) are the most important members of vitamin D fa-
mily. They are produced in the skin by UV radiation. Only
a small amount is naturally present in a limited number of
foods, such as egg yolks and fish liver oils. Vitamin D is
metabolised in the organism and its form 25(OH)-vitamin
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D, present in the blood, is the best indicator of vitamin D
status. In cooperation with osteologic centers in 6 Slovak
towns (KosSice, Stara Tubochna, Banska Bystrica, Piestany
and Bratislava), we carried out an epidemiologic study exa-
mining 25(OH)-vitamin D, levels in pre-menopausal women
in Slovakia. Blood of 162 healthy women (23-41 years) was
drawn in the morning during the autumn of 2007. Serum
was stored frozen at -20 °C. The analysis was performed by
HPLC with UV detection (LC-20 AD, Shimadzu, Japan),
using reagent Kkits available from Chromsystem. The average
concentration of 25(OH)-vitamin D, was 32,58 +12,25ug/1
(mean £SD). Distribution of results was non-Gaussian, there
was a shift to lower levels. 49,38 % of examined women had
concentrations of 25(OH)-vitamin D, below 30 ug/l. Althou-
gh the older women (38-43 years) had the lowest concentra-
tions in comparison with the younger ones (23-25 years), the
differences were not statistically significant. Conclusion: We
found a significant deficit of 25(OH)-vitamin D, in 49,38 %
of healthy pre-menopausal women in Slovakia.

UVOD

Vitamin D je syntetizovany v koZzi u€inkom ultrafialové-
ho Zziarenia typu beta (UVB) pri vinovej dizke 290-315 nm.
Najvyssia uéinnost je pri vinovej dizke 295-297nm (7).
Tato forma Ziarenia sa vyskytuje v nasich podmienkach iba
na jar a v lete, ked' slne¢né luce dopadaju na Zem pod uh-
lom vacsim ako 45 stupnov. Predpoklada sa, Zze dostatocna
syntéza vitaminu D, je zabezpeCena pri pobyte na slnku pri-
blizne 5-30min 2-krat tyZdenne, ak je odhalena tvar, ruky,
pripadne nohy alebo chrbat a nie su pouZzité opalovacie
krémy s ochrannymi faktormi (1). Krém s ochrannym fak-
torom 8 znizZuje syntézu vitaminu D o 95%, s ochrannym
faktorom 15 az 0 99% (7).

Az 90%-100% vitaminu D je tvorenych tymto sposo-
bom. Vitamin D,, cholekalciferol, vznika zo 7-dehydrocho-
lesterolu, ktory je zivocisneho povodu, vitamin D,, ergo-
kalciferol, vznika z ergosterolu, ktory ma rastlinny povod.
Takto vzniknuté vitaminy D st biologicky neaktivne. Aktiv-
nymi sa stavaju az po ich 25-hydroxylacii v peceni a nasledu-
jucej 1-hydroxylacii v oblickach. Biologicky najucinnejSou
formou je 1-alfa, 25-dihydro-cholekalciferol, 1,25(OH), vita-
min D,. Odrazom zasob vitaminu D v organizme je jeho
forma 25(OH)-vitamin D,

UV ziarenie 290-315 nm spoOsobuje otvorenie beta-
kruhu 7-dehydrocholesterolu s premiestnenim dvojitych
vézieb, ¢im vznika pre-vitamin D,. Tento je okamzite zachy-
teny membranou epidermalnych keratinocytov a fibroblas-
tov, kde sa pod vplyvom telesnej teploty meni na stabilnejsi
vitamin D,. V priebehu tohto procesu je zaroven vitamin
D, vyluceny z plazmatickej membrany do krvného rieciska
a naviazany na vitamin D-viazuci protein (7). Prolongovany
pobyt na slnku nevedie k excesivnej produkcii vitaminu D,
pretoze nadbytoéné mnozstvo sa ihned meni na neucinné
formy, lumisterol a tachysterol (10).

Mensie mnozstvo vitaminu D, sa prijima v tuku ryb (lo-
sos, tuniak, makrela) a vo vajeCnom zltku, i ked mnozstvo
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vitaminu D, je tu vel'mi variabilné (7). Vynikajucim zdro-
jom vitaminu D je trescia peCen (7). Malé mnozstva sa
nachadzaju aj v hovédzej peceni a syroch (1). Vitamin D,
obsahuju predovSetkym kvasnice a niektoré huby po ozia-
reni UV Zziarenim. Vitamin D, sa povazuje za biologicky
ucinnejsi (1).

Ucinky vitaminu D
Vitamin D posobi cestou receptoru pre vitamin D

(VDR) v jadre bunky viacerych cielovych organov, napr.

mozog, srdce, koza, gonady, prostata, prsia, ¢revo, oblic-

ky, kosti, priStitne telieska, monocyty, T a B bunky a dal-

Sie (8). Spojenim vitaminu D a VDR vznika transkripény

faktor modulujuci expresiu génov transportnych proteinov

(TRPV6, calbindin), ktoré ovplyviauju absorpciu vapnika

v Creve, udrziavanie rovnovahy vapnika a fosforu (bez vita-

minu D sa resorbuje iba 10-15 % prijatého vapnika a 60 %

fosforu), proliferaciu a difenciaciu buniek, imunitny systém.

Vitamin D cez calbindin ma klucovu ulohu v udrZiavani rov-

novahy vapnika:

a) zvySuje ucinnost resorpcie vapnika a fosforu z tenkého
Creva stimuldciou vstupu vapnika do enterocytov a zvy-
Senim jeho prechodu z enterocytov do krvného obehu,

b) zvysuje resorpciu vapnika z kosti,

¢) reguluje hladinu PTH,

d) ovplyviiuje syntézu proteinov kostnej matrix (osteokal-
cin, kolagén typ I, alkalicka fosfataza, osteopontin).

V pripade nedostatku vapnika v strave 1,25(OH), vita-
min D interaguje s receptormi na osteoblastoch a indukuje
expresiu receptoru aktivujuceho ligand nuklearneho faktoru
KB, ktory zasa interaguje s receptorom na preosteoklastoch,
¢im indukuje ich premenu na osteoklasty (7).

Vitamin D stimuluje diferenciaciu buniek a zniZuje ich
proliferaciu. Je povazovany za potentny imunomodulator.
Bolo zistené, Ze VDR sa nachadza na vacé§ine imunokom-
petenych buniek. 25(OH)-1-hydroxylaza je okrem obliCiek
produkovana aj v epitelialnych, mezenchymalnych a imu-
nokompetentenych bunkach, ktoré su preto schopné tvorit
aktivny 1,25(OH), vitamin D. St studie, ktoré dokazuju, ze
vitamin D zvySuje ziskanu imunitu a zniZuje sklon k auto-
imunnym ochoreniam (4, 25). Koncentracia 25(OH)-vita-
minu D, je signifikantnym nezavislym prediktorom rizika
vzniku karcinomov, pretoze aktivita extrarenalnej 25(OH)-
1-hydroxylazy je zavisla na koncentracii 25(OH)-vitaminu
D,, ktory je jej substratom (5, 26). Epidemiologické data
zamerané na kolorektalne karcinomy a adenomy ukazuju na
protektivny ucinok vyssich koncentracii vitaminu D (15).

VDR sa nachadza na inzulin-sekrétujucich bunkach
Langerhansovych ostrovéekov pankreasu. Predpoklada sa,
Ze vitamin D zvySuje sekréciu inzulinu pri jeho zvySenych
poziadavkach. Deficit vitaminu D je spojeny so zniZenou
sekréciou inzulinu a poruchou glukozovej tolerancie (23).
1,25(0OH), - vitamin D tiez znizuje expresiu génu pre renin,
¢im zniZuje riziko vysokého tlaku. Studie ukazuju inverznu
asociaciu medzi stavom vitaminu D v organizme a krvnym
tlakom (6, 22).

Na zaklade mediciny zaloZenej na dokazoch sa udava,
Ze na udrZiavanie homeostazy vapnika je potrebna hladina
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25(OH)-vitaminu D najmenej 20ug/l. Tato zabezpecuje,
aby nedosSlo k rozvoju sekundarnej hyperparatyreoidozy.
Na spravny metabolizmus kosti, ako aj na zabezpecenie
ostatnych spominanych funkcii vitaminu D, je nutna naj-
menej koncentracia 30 ug/1 (8).

CIELE PRACE

Vzhladom k vyznamu vitaminu D sme robili studiu,
ulohou ktorej bolo zistit koncentracie 25-(OH)-vitaminu D,
u zdravej populacie premenopauzalnych slovenskych Zzien.
25(OH)-vitamin D, je najdolezitejsim cirkulujucim metabo-
litom vitaminu D.. Hoci aktivnou formou je 1,25(OH), vita-
min D, jeho stanovovanie nie je vhodné na postdenie stavu
vitaminu D. Pri deficite 25(OH)-vitaminu D, vznika poru-
cha resorpcie vapnika v ¢reve, s nasledujucim uvolnenim
PTH do cirkulacie. Zvyseny PTH zabezpecuje obnovu kon-
centracie vapnika zvySenim jeho reabsorpcie v obli¢kach,
mobilizacie z kosti a zvySenou produkciou 1,25(OH) -vita-
minu D,. Koncentracia 1,25(OH), -vitaminu D, je preto pri
deficite vitaminu D v organizme zvyCajne normalna alebo
dokonca zvysena (24).

Probandi a metody:

Studie sa zucastnilo 6 osteologickych centier na Sloven-
sku - Kosice, Lubochna, Banska Bystrica, Piestany a 2 cen-
tra v Bratislave. Spolu sme vysetrili 162 zdravych Zien vo
veku 23-41 rokov. U Ziadnej z nich neboli pritomné rizi-
kové faktory osteoporozy. Sledované Zeny neuzivali Ziadne
lieky a mali normalnu kostnu denzitu (vySetreni pomocou
DXA). Odber krvi sa robil v jednotlivych centrach rano na-
lacno v jesennych mesiacoch roku 2007, sérum bolo az do
vySetrenia zmrazené pri -20 °C.

Analyzu 25(OH)-vitaminu D, sme robili vysokotcinnou
kvapalinovou chromatografiou (LC-20 AD, Shimadzu - Ja-
ponsko) s UV detekciou, reagenénym kitom firmy Chrom-
systems.

Statistické spracovanie sa robilo za pomoci programov
Microsoft Excel a Systat SigmaStat. Hodnoty koncentracii
boli vyjadrené ako priemer + smerodajna odchylka.

VYSLEDKY

Vysledky su uvedené v tabul'ke ¢. 1. Median aj priemer
hodnét st na dolnom rozmedzi doporucenej koncentracie
25(OH)-vitaminu D, pre zdrava populaciu (30-80ug/l).
Grafické znazornenie ukazuje, Ze rozdelenie hodnot nie je
gausovské, koncentracie su posunuté k niz§Sim hodnotam
(graf ¢. 1). Mladsie Zeny mali koncentracie vysSie, ako Zeny
vo vyssich vekovych skupinach, ale rozdiely neboli Statistic-
ky vyznamné (graf ¢.2). Distribuciu rozdelenia v zavislosti
na regionalnom ¢leneni ukazuje graf ¢.3. Nenachadzame
rozdiely v koncentraciach 25(OH)-vitaminu D, v jednotli-
vych regionoch Slovenska. Tabulka ¢€.2 a graf ¢.4 ukazuje
roz€lenenie suboru z hladiska deficitu 25(OH)-vitaminu
D.,. 49,38 % sledovanych zien malo hodnoty 25(OH)-vitami-
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Tab. 1. Koncentracie 25(OH)-vitaminu D,
u zdravych premenopauzalnych Zien

n median | priemer SD 5. 95.
percentil | percentil
162 30,21 32,58 12,25 16,2 57,47
Udaje st v g/l

Tab. 2. Distribucia hodnét 25(OH)-vitaminu D,

25(OH)-vitamin D, n (%)
<20 pg/l 2% 14,81
20-30 pg/l 56 34,57
> 30 pg/l 82 50,62
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Graf 2. Koncentracie 25(OH)-vitaminu D, v zavislosti na veku

Graf 4. Distribucia hodnot 25(OH)-vitaminu D,
v sledovanom subore

nu D, pod doporucenou hladinou 30 ug/l. 24 zien (14,81%)
malo jasny deficit 25(OH)-vitaminu D, s koncentraciou
pod 20 ug/1.

DISKUSIA

Vysetrenia 25(OH)-vitaminu D, sa robili na zaciatku
jesenného obdobia, ked aj v nasich podmienkach jeho kon-
centracie u zdravej mladej populacie odzrkadluju expoziciu
slneCnému Ziareniu, a teda jeho tvorbu v lete, a mali by byt
v doporucenych hodnotach. Koncentracie vitaminu D by-
vaju v tomto obdobi najvyssie, samozrejme, zavisia od diz-
ky pobytu vonku (16). Ukazuje sa, Ze vysSie koncentracie
vitaminu D v septembri koreluju s vysSimi koncentraciami
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v marci, takze vysSi prijem a tvorba vitaminu D v letnom
obdobi pomaha udrzat jeho hladiny aj v zime (14). V sucas-
nosti sa vela mladych ludi venuje aj v lete predovsetkym ak-
tivitam vo vnutri, ¢o sa spaja s vysSou prevalenciou deficitu
vitaminu D (16, 17). Deficit vitaminu D sa neobjavuje iba
v rizikovych skupinach (stari ludia, minoritné skupiny, ap.),
ale aj u Tudi v mladom a strednom veku. Vo Vel'kej Britanii
az 60% populacie malo suboptimalne hodnoty vitaminu D
v priebehu roka (16). V studii s adolescentnymi dievCatami
sa pozorovali insuficientné hladiny az u 48% sledovanych
(14). Dokonca aj na slnec¢nej Floride sa zistil deficit vitami-
nu D u vysokého percenta Zien (11).

Pohlad na doporucené koncentracie je kontroverzny
- na zaklade Studii sa predpoklada, Ze koncentracia 25(O-
H)-vitaminu D, by nemala byt nizsia, ako 20 ug/l, ak sa ma
predist problémom s kostnym metabolizmom. Niektori au-
tori doporucuju 30ug/l, ako hodnotu doélezitu pre zdrava
diferenciaciu buniek a ostatné ucinky vitaminu D, predo-
vSetkym zabranenie sekundarnej hyperparatyreoidoze (8).
Pri tomto cut-off sa vSak predpoklada, Ze vysoké percento
populacie, v Eurépe az 80 % a celosvetovo 50 %, bude mat
po skonceni letnej sezony mala polovica sledovanych zien
hodnoty niZsie, ako 30 pg/l a asi 14% dokonca niZsie, ako
20 ug/l. Je pritom zname, ze UV Ziarenie stimuluje epider-
malnu produkciu a uvol'nenie beta-endorfinu, opinoidu, kto-
ry sa za normalnych okolnosti uvol'nuje z hypofyzy a je zod-
povedny za pocit prijemného stavu, napr. po dlhodobom
cvic¢eni (10). Na druhej strane, medzi neziaduce ucinky UV
Ziarenia patri vysSia nachylnost pokozky k starnutiu a tvor-
be vrasok, ako aj zvySena prevalencia koznych nadorov.
Kozné karcinomy tvoria aZ polovicu vSetkych karcinomov
u c¢loveka (10). Nalezy, ze opakované pobyty na slnku su
asociované so zvySenym vyskytom melanomu, viedli k do-
poruceniam, Ze excesivny pobyt na slnku treba vylucit (12).
Vysledkom doporuceni, ktoré branili kazdému priamemu
pobytu na slnku, je, Ze deficit vitaminu D sa stal pande-
micky (18). Zodpovedaju tomu aj nalezy v nasej Studii, kde
sme nenasli rozdiely v koncentraciach 25(OH)-vitaminu D,
v jednotlivych regionoch Slovenska, na zaklade ¢oho pred-
pokladame vplyv pouzivania krémov s ochrannymi faktormi
a nedostato¢ny Cas venovany aktivitim vonku. Bolo pritom
vypocitané, ze u osdb s koznym fototypom II je pobyt na
letnom poludnajSom slnku v trvani 5 minut 2-3-krat tyzden-
ne adekvatnym casom na ziskanie dostato¢ného mnozstva
vitaminu D (10).

Odpoved koze na UV Ziarenie, vznik karcinomov a in-
vazivneho melanomu, ako aj fotosyntéza vitaminu D in-
verzne suvisia s farbou koze a obsahom melaninu (10). Je
to z toho dovodu, Ze melanin absorbuje cast UV Ziarenia,
ktoré je zodpovedné za fotochemické reakcie koze, ale aj za
tvorbu vitaminu D. Opakovana expozicia UV vedie tiez k al-
teracii imunitného systému a zmenam koznej panatomie
a zvySenému vyskytu infekcii. Najvyssie riziko poSkodenia
je u adolescentov a mladych Tudi so svetlou pokozkou (20).
Na druhej strane sa ukazuje, Ze expozicia slnku je inverzne
asociovana s rizikom smrti na melanom. Osoby, ktoré sa
aspon raz spalili a osoby, ktoré boli opakovane exponované
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mali niZSiu pravdepodobnost umrtia na melaném, ako oso-
by, ktoré neboli nikdy spalené slnkom alebo sa vel'mi malo
exponovali slnku (12). Z hladiska pohlavia je u Zien nizZSie
riziko vzniku melanomu, ako u muzov (12).

Adekvatna substitucia vitaminom D je dolezita v puber-
te a v mladom veku z hladiska maximalnej tvorby kostnej
hmoty. Toto obdobie je charakterizované rychlym rastom
a mineralizaciou kosti. Vitamin D hra integralnu ulohu
v mineralizacii kosti jednak tym, Ze stimuluje resorpciu
vapnika v Creve, ale aj stimulaciou aktivity osteoblastov
(14). Kostna denzita je u dospelych pozitivne asociovana
s koncentraciami 25(OH)-vitaminu D (14). Tato zavislost je
dana nielen v nizSich, ale aj v normalnych koncentraciach
vitaminu D, nad 40pug/l, a to u mladych aj starSich Zien.
V studii s libanonskymi moslimskymi Zenami deficit vitami-
nu D viedol k zvySenému kostného obratu (21). Z dalSich
faktorov, ktoré vitamin D ovplyviuje, je zavazna prevencia
fraktur, kde sa ukazuje, Ze optimalna koncentracia vitami-
nu D, asociovana s najnizSou prevalenciou fraktar femuru
a inych nonvertebralnych fraktur je okolo 36-40pug/1 (15).
Hladina vitaminu D ovplyviuje tieZ spravnu funkciu svalov,
pravdepodobne tym, ze 1,25(OH)vitamin D sa viaze na
vitamin-D S$pecificky nuklearny receptor v svalovom tkani-
ve, ktorého dosledkom je syntéza proteinov, rast svalovych
buniek a zlepSenie svalovej funkcie (15, 19).

V niektorych krajinach, napr. v Kanade, USA a dalSich,
sa z uvedenych dovodov robi fortifikacia potravin vitami-
nom D, resp. sa doporucuje primerany prijem vitaminu D
z inych zdrojov. Pre populaciu zdravych premenopauzal-
nych zien je to najmenej 200 UI denne (1). Niektori autori
udavaju ovela vySSiu potrebu, az 800-1000UI (27). Toto
mnoZstvo sa eSte zvySuje pri roznych patologickych stavoch
(ochorenia obliCiek, osteoporoza, ap.), pricom treba braf
do uvahy aj pripadna pritomnu poruchu metabolizmu vap-
nika a zmeny v koncentraciach parathorménu. Holick a kol.
vsak upozornuju, Ze aj pri fortifikacii potravin musi byt za-
bezpecCeny adekvatny pobyt na slnku, vzhladom k tomu, zZe
obsah vitaminu D vo fortifikovanych potravinach nedokaze
pokryt jeho dennu potrebu (27).

ZAVER

Vysetrili sme hladiny 25(OH)-vitaminu D, u 162 zdra-
vych premenopauzalnych Zien a zistili sme jeho deficit
u 49,38 %. Zda sa preto, Ze uloha osvety, pripadne snaha
o fortifikaciu potravin vitaminom D, bude v naSich pod-
mienkach nevyhnutna.
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KYSELINA MOCOVA A JEJ ULOHA
V PATOGENEZE SKLEROZY MULTIPLEX

KALNOVICOVA TEREZIA
TURCANI PETER

1. neurologicka Kklinika
Lekarskej fakulty UK a FNsP Bratislava

SUHRN

Kyselina mocova (KM), prirodzene sa vyskytujuci
produkt metabolizmu purinov, je antioxidantom - sil-
nym skevendZerom peroxynitritu, ktory posobi toxicky
na neurony, axony a glidlne bunky. Viaceré Studie
preukazali, Ze pacienti so sklerozou multiplex (SM)
a tiez s retrobulbarnou neuritidou, ktora byva c¢asto
prvym priznakom SM, maju v porovnani so zdravymi
osobami nizsie sérové hladiny KM. V praci su prezento-
vané experimentalnymi dokazmi podloZené predstavy o
mechanizmoch, ktorymi redukované hladiny KM mo6zu
prispievat ku vzniku a progresii sklerézy multiplex.

Klucové slova: kyselina mocova, skleréza multiplex,
sérum

SUMMARY

Uric acid (UA), the naturally occurring product of
purine metabolism, is a strong peroxynitrite scavenger,
which exerts a toxic effect on neurons, axons and glia
cells and enhances apoptosis. Reduced serum uric con-
centrations have been linked to a variety of diseases
states including multiple sclerosis (MS) and optic
neuritis (ON) that is often the first symptom of MS.
In this article we summarize some of the mechanisms
by which low UA levels can be associated with the
development and progression of MS.

Key words: uric acid, multiple sclerosis, serum

UvVOD

Kyselina mocova je u ¢loveka koncovym degradacnym
produktom purinovych nukleotidov (obr. 1). VacSina
cicavcov degraduje kyselinu mocovu na alantoin, ktory
vznika z KM posobenim uratoxidazy. Metodami moleku-
larnej bioldgie sa zistilo, Ze Tudia maju v oblasti génu
pre uratoxidazu niekol'ko ,nonsense“ mutacii, a preto
k expresii tohto génu u cloveka nedochadza. Kyselina
mocova v ludskom organizme nie je len odpadovym
produktom metabolizmu purinov. Po primarnej fil-
tracii a sekrécii kyseliny mocovej v oblickach sa jej
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Obr. 1. Metabolizmus purinovych nukleotidov.
Vznik Kkyseliny mocovej.
Degradacia adenozinmonofosfatu (AMP) na inozin sa mo6zZe usku-
to¢nit dvomi cestami. AMP sa m6zZe menit pdsobenim adenylatde-
aminazy (EC 3.5.4.6) na inozinmonofosfat (IMP) a 5 "-nukleotida-
zou (EC 3.1.3.5) defosforylovat na inozin. Druhou moznostou je
defosforylacia AMP enzymom 5 '- nukleotidaza na adenozin s na-
slednou deaminaciou u¢inkom adenozindeaminazy (EC 3.5.4.4.)
na inozin. Inozin sa degraduje pdsobenim purinnukleozidfosforyla-
zy (EC 2.4.2.1.) na hypoxantin a posobenim xantinoxidazy (EC
1.2.3.2.) na xantin a kyselinu moc¢ovi (KM). Vznik kyseliny mo-
covej z guanozinmonofosfatu (GMP) sa uskutocnuje degradaciou
GMP posobenim enzymu 5 “- nukleotidaza so vznikom guanozinu,
ktory sa purinnukleotidfosforylazou konvertuje na guanin a guanin-
deaminazou (EC 3.5.4.3.) na xantin. Xantin moze vznikat aj de-
gradaciou guanozinu ucinkom guanozindeaminazy (EC 3.5.4.15)
a premenou vzniknutého xantozinu na xantin pésobenim enzymu
purinnukleozidfosforylaza

prevazna Cast (asi 90%) spétne resorbuje do cirkulacie.
Experimentalne Studie in vitro jednoznaéne dokazali jej
vyznamné antioxidaéné vlastnosti. Kyselina mocova pri
fyziologickych koncentraciach brani tvorbe oxohémovych
oxidantov, ktoré vznikaju pri reakcii hemoglobinu s per-
oxidmi, chrani izolované membrany erytrocytov pred
lipoperoxidaciou, zabranuje lyze erytrocytov vplyvom
peroxidaéného poSkodenia a reaguje s mnohymi reak-
tivnymi formami kyslika, ktoré sa mozu tvorit v orga-




nizme (1). Predpoklada sa, ze fyziologickou ulohou
KM u Tudi je udrziavat integritu hematoencefalickej
bariéry (BBB) a zabranovat jej posSkodeniu vplyvom
toxického peroxynitritu (ONOO ), ktory je produkovany
aktivovanymi monocytmi a je implikovany v patogenéze
rozmanitych zapalovych ochoreni centralneho nervového
systému, vratane skler6zy multiplex (SM).

Zmeny v hladinach kyseliny mocovej nad alebo
pod fyziologické hodnoty su asociované s mnozstvom
chorobnych stavov. Hoci v niektorych pripadoch urcité
alteracie hladin KM mo6zu byt dosledkom ochorenia,
existuju dokazy, ze KM ma vyznamnu ulohu tieZ pri
vyvoji a v prevencii mnohych ochoreni. KM moze posobit
ako antioxidant (hlavne v plazme), alebo prooxidant
(hlavne v bunke) (19).

Oxidacné reakcie a produkty kyseliny mocovej

Luminolova chemiluminiscencia sposobena roznymi
systémami, ktoré generuju hydroxylovy radikal, je zhasana
pritomnostou kyseliny mocovej uz v koncentraciach pod
fyziologickou hladinou (18). Praca, ktora opisuje elektro-
chemicku oxidaciu kyseliny mocovej ako modelovu reakciu
pre enzymové Studie, dokumentuje vznik chinoidnych
diiminovych S$truktur. Ako pri elektrochemickej, tak
pri enzymovej oxidacii (peroxidaza /hydrogénperoxid)
kyseliny mocovej boli identifikované mocovina, oxid
uhli¢ity, aloxan, alantoin, 5-hydroxyhydantoikarbox-
amid a parabanova kyselina (27). Radiolyza roztoku
KM perfundovaného vzduchom poskytla komplexnu
zmes produktov s prevazujucim zastupenim alantoinu
a kyseliny parabanovej (6). Zistil sa vznik aj urcitého
mnozZstva hydrogénperoxidu kyseliny mocovej. Analyzy
vzniku alantoinu u lTudi naznacuju, zZe jeho mozZnym
zdrojom moze byt oxidacia kyseliny mocovej cytochro-
mom c (14). KM je prirodzeny antioxidant s vysokym
oxidaénym potencialom. Skevedzerova aktivita KM pre
volné radikaly sa v Tudskej krvi odhaduje az na 60 %.
Vychytava peroxynitrit, hydrogénperoxid, hydroxylové
radikaly a singletovy kyslik. Zucastiuje sa nepriamo
v odstranovani superoxidového radikalu ochranou su-
peroxidizmutazy, ktora je zodpovedna za inaktivaciu
superoxidu. Odstranovanim superoxidu sa blokuje jeho
reakcia s NO, a tym tvorba peroxinitritu. KM je uinnym
skevendZerom peroxynitritu. Jeho inaktivaciou zabranuje
peroxinitritu nitrovat tyrozinové zvysky proteinov, ¢im
chrani celularne enzymy pred inaktivaciou a cytoskelet
pred modifikaciou. Dalsou protektivnou vlastnostou KM
je jej schopnost viazat Fe a inhibovat Fe-dependentnu
oxidaciu askorbatu. Zabranuje tym zvySenej produkcii
volnych radikalov, ktoré by mohli dalej prispievat
k oxidaénému poskodeniu (13).

Kyselina mocova, peroxynitrit a plazma

Pri ochoreniach spojenych s oxidacnym stresom
dochadza k bunkovému poSkodeniu vplyvom vysoko
reaktivneho peroxynitritového anionu (ONOO"), ktory
vznika reakciou oxidu dusnatého so superoxidovym
radikalom. Nizke koncentracie ONOO, ktoré sa tvoria
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Obr. 2. Tvorba vol'nych radikalov a reaktivnych molekul z peroxynit-
ritového anionu.
Peroxynitritovy anion (ONOO") vznika reakciou oxidu dusnatého
(NO) so superoxidovym radikalom (O,"). ONOO' je v rovnovahe
s jeho protonizovanou formou (ONOOH, pKa=6,8). Peroxynit-
ritovy anion je relativne stabilny, ale jeho protonizovana forma
sa pri absencii oxidovatelnych substratov rychle rozklada a tvori
nitrat. Homolytickym stiepenim ONOOH vznikaju NO, -a OH
radikaly, ktoré mozu oxidovat dalSie molekuly. ONOOH reaguje
aj cez aktivovany izomér, trans-formu. V tejto forme oxiduje mole-
kuly priamo a tvori vol'noradikalové intermediaty (Vasquez-Vivar
et al., 1996)

za fyziologickych podmienok, sa spravaju podobne ako
NO. Mézu spdsobovat vazorelaxaciu, zniZovat agregaciu
krvnych dostic¢iek, redukovat adhéziu leukocytov na
cievnu stenu, vyvolavat cytoprotektivne efekty a posobit
ako donor NO. VysSie koncentracie peroxynitritu su
v§ak cytotoxické, mozu viest k OH radikalovej toxicite
a k modifikacii proteinov nitraciou aminokyselin. K take-
jto situacii moze dojst, ked eNOS produkuje menej NO
a viac superoxidu, pri zvySenom prisune superoxidu
xantinoxidazou a NAD(P)H oxidazami, z leukocytarnych
myeloperoxidaz a lipooxygenaz. Tieto patologické situacie
byvaju sprevadzané aj indukciou iNOS, s naslednou
vysokou produkciou NO a uvolnovanim superoxidového
radikalu (29).
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Obr. 3. Vychytavanie peroxynitritu (ONOO) kyselinou mocovou. Re-

akciou uratu (UH) s peroxynitritom vznika uratovy radikal (U* 7,

ktory je inhibovany askorbatom (AH-) a cysteinom (GSH). Oxidacia

tetrahydrobiopterinu (BH4), kofaktoru eNOS (endotelovej syntazy

oxidu dusnatého), peroxynitritom vedie k znizenej produkcii NO,

k zvysenej tvorbe superoxidového radikalu a k dysfunkcii endotelu
(Weissmann et al. 2005).

Endotelové bunky a aktivované fagocyty produkuju
NO a superoxid. Vznikajlici peroxynitrit mozZe posobit
toxicky priamo alebo nepriamo prostrednictvom svojich
rozkladnych produktov (obr. ¢.2). Experimenty s ludskou
krvnou plazmou poukazali, Ze peroxynitrit sposobuje
depléciu doélezitych antioxidantov plazmy a posSkodzuje
plazmatické proteiny a lipidy. Pridanie peroxynitritu
do plazmy vedie k rychlej oxidacii kyseliny askorbovej,
kyseliny mocovej a plazmatickych SH - skupin. Per-
oxynitrit reaguje s fyziologickymi hladinami KM 16
krat rychlejSie ako s askorbatom a 3 krat rychlejsie ako
s cysteinom. Pri reakcii KM s peroxynitritom vznika
popri inych radikaloch aj uratovy radikal s nesparenym
elektronom na uhliku, ktory podlieha inhibicii vply-
vom askorbatu a cysteinu (Obr. ¢.3). In vitro pokusy
demonstruju, Ze skevendzerova aktivita KM je v pritom-
nosti askorbatu a cysteinu ovela vysSia ako dosledok
neutralizacie vznikajucich uratovych radikalov (28).

HIladiny kyseliny mocovej v sére u pacientov
so sklerozou multiplex

Koncentracia kyseliny mocovej (KM) v sére je
determinovana rovnovahou medzi jej produkciou
a renalnou exkréciou. Existuje mnozstvo udajov, ktoré
naznacuju, Ze alteracie hladin KM v sére st asociované
so vznikom a progresiou mnohych ochoreni. Viaceré
studie preukazali, Ze pacienti so sklerézou multiplex
maju v porovnani so zdravymi osobami niZSie sérové
hladiny KM (Tab.1). Nie v§etky §tudie v§ak tieto rozdiely
potvrdili (16, 21). Hladiny KM v sére u pacientov so
sklerozou multiplex su ovplyvnené aktivitou ochorenia
a funkénostou hematoencefalickej bariéry (BBB) (Tab.1).
SM pacienti s dysfunkciou BBB maju vyznamne nizsie
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Tab. 1. Sérové a plazmatické (pl) hladiny kyseliny mocovej (KM)
u pacientov so sklerozou multiplex (SM)

L, Kyselina mocova s
Diagnoza (umol/l) Citacia
Opticka neuritida
zé’ny (n-22) 202,8 + 71,6
o p =0.002 226,6 + 89,5
Muzi (n=5) p<0,005 Papadopoulos
Kontrola ’ et al., 2008
ﬁfz 3102 + 1322
328,1 155,1
RRSM (n=68) | )14 0+ 55.6 (pl) o
RRSM-porucha Kalnovicova
171,8 + 43,3 p<0,05
BBB 2370+ 518 et al., 2007
ONND (n=30) ’ ’
Opticka neuritida
Z (n=17) 184,4 + 55,1 p=0,003
M (n=4) 305+ 52,1 NS Knapp
Kontrola et al., 2004
Zeny 235,2 + 50,2
Muzi 328 + 80,4
RRSM (n=63)
OIND (n=20) 193,9 +49,1 p=0,000
Kontrola (n=20) | 242,7 £ 46,7 p=0,001
RRSM-relaps 292,7 + 58,6 Toncey
RRSM-remisia 161,5 + 23,6 p=0,000
RRSM-normélna | 234,4 + 42,0 et al, 2002
BBB 252,5+25,9
RRSM-porucha 163,9 £ 26,1 p=0,000
BBB
Aktivna SM 202,6 £ 67,1 p=0,046 | Drulovic¢
Inaktivna SM 226,5+78,6 et al., 2001
SM (n=10) 240,0 Constantinescu
SM po GAA 303,0 p=0,035 | etal., 1999

SM - skleroza multiplex, RRSM - relaps-remitujica SM,
OIND - iné zapalové neurologické choroby,
ONND - iné nezapalové neurologické choroby,
BBB - hematoencefalicka bariéra,

GAA - glatiramer acetat (6-mesacna terapia), pl - plazma

hladiny KM ako SM pacienti s normalne funkénou BBB
a pacienti v relapse maju signifikantne nizsie hladiny
KM ako SM pacienti v remisii (Tab.1). Znizené sérové
hladiny KM sa zistili aj u pacientov s retrobulbarnou
neuritidou (ON), zapalovym demyelinizacnym ochorenim
optického nervu, ktoré je ¢asto prvym priznakom SM
(10). Nizke hodnoty KM mozu byt indikatorom aktivity
ochorenia alebo aj markerom vysokej pravdepodobnosti
konverzie ON na klinicky definitivhu SM. ZniZené
hladiny KM v tychto prvych §tadiach ochorenia mozu
odrazat redukovanu antioxida¢nu kapacitu sposobenu
zapalovou demyelinizaciou.

KM a jej mozna uloha v patogenéze SM
Skler6za multiplex je autoimunitné chronické zapalové
demyeliniza¢né ochorenie bielej hmoty CNS charak-




terizované masivnou fokalnou infiltraciou T-bunkami
a makrofagmi, poskodenim axdénov a stratou neurolog-
ickej funkcie. V skorych §tadiach rozvoja 1ézii dochadza
k poruche hematoencefalickej bariéry a k invazii he-
matogénnych monocytov a T-buniek do tkaniva mozgu,
ktorych nasledna aktivita predstavuje zaklad pre zaciatok
a progresiu ochorenia. Oxid dusnaty (NO), ktory sa tvori
aktivovanymi imunitnymi bunkami, mikrogliou, astrocytmi,
oligodendrocytmi, makrofagmi a v endotelovych bunkach, je
jednou z molekul, ktoré participuju na vzniku 1€ézii pri SM.
K indukcii iNOS, ¢o je spojené s nadmernou produkciou
NO, dochadza v makrofagoch a v inych bunkach, ktoré
invaduju nervovy systém a participuju v zapalovej reakcii
spojenej s produkciou vol'nych radikalov. Tkanivo nervového
systému generuje reaktivne formy kyslika kons§tantne ako
sucast fyziologického fungovania. Ich tvorba narasta po
aktivacii v zapalovych demyelinizaénych 1éziach. VoIné
kyslikové radikaly a volné radikaly odvodené od dusika
mozu poskodit tkanivo CNS lipoperoxidaciou, depléciou
intracelularnych energetickych zasob v doésledku inhibicie
mitochondrialneho elektronového transportného retazca,
spotrebou intracelularnych antioxidantov a poskodenim
DNA (4).

Zapalovy proces spojeny s porusenim BBB, ktory je
najvyraznejsi v aktivnych 1éziach a v miernom stupni
perzistuje aj v chronickych plakoch (15), moze v dosledku
deplécie antioxidantov viest k zniZeniu antioxidacnej
ochrany CNS. Organizmus v snahe chranit CNS pred
volnymi radikalmi mobilizuje antioxidanty, ktoré mozu
preniknut cez funként hematolikvorovd bariéru Pri
nedostato¢nej antioxida¢nej ochrane mozog pravde-
podobne vyuziva albumin spolu s kyselinou mocovou,
ktoré sa do mozgu dostavaju uz cez poruSenu hemato-
likvorovu bariéru. Pri sledovani hladin nizkomolekulovych
antioxidantov v demyelinizovanych plakoch a v bielej
hmote SM pacientov sa zistilo, Ze redukovana hladina
glutationu (jedného z najvyznamnejSich antioxidantov
CNS spolu s kyselinou askorbovou) korelovala so
zvySenou hladinou KM.

Existuju urcité nejasnosti, ¢i nizke hladiny KM v sére su
pri¢inou alebo nasledkom neurodegenerativnych ochoreni.
Existuje moznost, Ze pacienti s nizkou sérovou hladinou
KM nie st schopni zabranif vol'noradikalovej toxicite,
¢o potom vedie k zapalu a k deStrukcii tkaniva. Inou
moznostou je, Ze zapal, ktory je sucCastou patogenézy
SM, vedie k spotrebe kyseliny mocovej v dosledku jej
skevendzerovej aktivity pri nadmernej tvorbe volnych
radikalov.

Experimentalne Studie na zvieracich modeloch SM
podporili nazor, Ze nizke hladiny KM su pri¢inou a nie
nasledkom ochorenia. Ak sa mySiam pred nastupom
klinickej experimentalnej autoimunitnej encefalitidy
(EAE) podavali terapeutické davky KM, kyselina mocova
zabranila invazii zdpalovych buniek do CNS a vzniku
ochorenia. U mysi s aktivnou EAE, exogénne aplikovana
KM penetrovala uz porusenou BBB do oblasti zapalu
v tkanive miechy a zniZovala zvySenu permeabilitu
BBB (7). Terapeuticky efekt sa pozoroval aj po podani
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prekurzora KM inozinu (20). Tento efekt bol spojeny
so zvySenim hladin KM v tkanive CNS a s inaktivaciou
peroxynitritu a zodpovedajucich latok, ktoré boli produ-
kované monocytmi a prispievali k zvySenej permeabilite
BBB a naslednej tkanivovej patologii CNS.

Toncev a spol. (24) sledovali SM pacientov, ktorym sa
oralne podaval inozin, prekurzor kyseliny mocovej, v tera-
peutickej davke 1-2 g, 2 x denne, v priebehu 37,6 +/- 6,5
mesiacov. Ako kontrolu na porovnanie terapeutického
ucinku inozinu pouZili skupinu SM pacientov bez terapie
(okrem obdobia relapsov) s podobnym vekom, pohlavim,
trvanim ochorenia a funkCénou disabilitou. Zistili, ze
pacienti, ktorym sa podaval inozin mali v porovnani
s kontrolnou skupinou nizZsiu frekvenciu relapsov a nizsiu
disabilitu. Vysledky poukazali, Ze lieCba zamerana na
zvySenie hladin KM v sére mozZe mat pre niektorych SM
pacientov priaznivy efekt. Zvysenie sérovych hladin KM
je spojené aj s terapeutickym efektom metylprednisolu
(23), Interferénu beta a glatiramer acetatu (2,5).

ZAVER

Pacienti so sklerozou multiplex maju zniZzené sérové
hladiny kyseliny mocovej. Alteracie KM v sére u tychto
pacientov su asociované s aktivitou ochorenia a dysfunk-
ciou hematolikvorovej bariéry. Redukcia koncentracie KM
moZe u tychto pacientov znizovat schopnost organizmu
chranit sa pred peroxynitritom a inymi volnymi radikalmi,
ktoré posobia na celularne komponenty a poskodzuju
bunky. V tomto smere by analyza sérovych hladin
KM mohla prispiet k posudeniu stupna antioxidacnej
ochrany pacienta pri monitorovani priebehu ochorenia
a terapeuticka stratégia zamerana na zvySenie sérovych
hladin KM by mohla mat u SM pacientov glialno -neu-
roprotektivny efekt (11).
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SUHRN

Upravené McDonaldove diagnostické kritéria scle-
rosis multiplex (2005) zakotvili diagnosticku relevanciu
niektorych vySetreni mozgovomiechového moku (liquor
cerebrospinalis, CSL). Predkladany material presne
v linii uvedenych kritérii podrobnejsie rozobera metodiku
stanovenia a interpretaciu dvoch zasadnych vySetreni,
stanovenia oligoklonalnych pasov v moku a krvnom sére,
a IgG indexu. Vzhladom na skuto¢nost, Ze metodika
izoelektrickej fokusacie (IEF) nie je t.¢. eSte v labo-
ratoriach v SR bezZne dostupna, popisuje sa sposob in-
terpretacie vySetrenia nahradnou metdédou imunofixacnej
elektroforézy. Predkladany material je uréeny rovnako
neurologom aj laboratérnym pracovnikom.

UVOD

Sclerosis multiplex (SM), s odhadovanou incidenciou
na nasom uzemi od 50 do 150/100 000 obyvatelov (1),
je po urazoch najCastejSim a najzavaznejSim neurolog-
ickym ochorenim invalidizujucim osoby v produktivhom
veku. Diagnostika klinicky potvrdenej SM je zaloZena na
anamnéze, klinickom neurologickom naleze, dokaze pre
SM typickych demyelinizaénych 1ézii pri vySetreni mozgu
alebo miechy magnetickou rezonanciou (MR) a vySetreni
CSL, fakultativne na vySetreni multimodalitnych evoko-
vanych potencidlov (najméa zrakovych - Visual Evoked
Potential - VEP) a volitelnych dalS§ich vySetreniach
pri diferencialno diagnostickych nejasnostiach. V tejto
dekade sa medzinarodnym Standardom diagnostickych
kritérii pre roztrusenu sklerozu sclerosis multiplex
stali McDonaldove kritéria, aktualne ich revizia uprava
z roku 2005 (2,3). V tychto kritériach su uvedené dve
vySetrenia CSLcerebrospinalneho likvoru: ,dékaz oligok-
lonalnych pasov imunoglobulinu IgG pasov izoelektrickou
fokusaciou s imunofixaciou® a ,zvySeny IgG index”, ako
alternativna metodika pri nedostupnosti IEF, a sposob
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ich zabudovania do diagnostickych kritér a sposob ich
zabudovania do diagnostickych kritérii.

Uroven vysetrovacich moznosti CSF je na velkej
viacsine oddeleni klinickej biochémie v SR nedostato¢na
(4,5), i ked v poslednom Case badat tendenciu zlepSujuce;j
sa diagnostiky CSL, aspon v niektorych laboratériach.
Zohladnujuc vtedajSie moznosti, boli v roku 2001 (6)
vypracované odporucania na diagnostiku CSL pri sclerosis
multiplex vyboru To dolo dovodom zostavenia odporucenia
Slovenskej spolo¢nosti klinickej biochémiev roku 2001
(X0). Po doplneni novych poznatkov vydavame tato
reviziu odporucenia.

Minimalny Standard

1. Dokaz intratekalnej syntézy imunoglobulinu IgG. Nutné
vySetrenia: Albumin a Imunoglobulin G (IgG) v CSF,
paralelne albumin a IgG v krvnom sére (S). Metodika:
Albumin v S aj v CSF je mozné stanovovat bezne pou-
zivanymi metodami. Stanovenie Q je nezavislé od pou-
zitej analytickej metody (7). Tym, Ze Q vyjadruju pomer
koncentracii sledovanych latok v dvoch tekutinach a nie
ich absolutne hodnoty odpadaju komplikacie spojené so
Standardizaciou roéznych pouzitych analytickych metod.
Turbidimetrické metody su dostatoCne senzitivne na sta-
novenie IgG v oboch tekutinach.

Interpretacia: Vypocet IgG indexu podla vzorca:
(CSF_IgG/CSF_albumin)/(S_IgG/S_albumin)
Hrani¢na hodnota je medzi 0,66 az 0,85 (r6zni autori,
rozne hodnoty). Vypocet kvocientov albuminu a IgG
podla vzorca: Q_albumin = CSF _albumin / S_albumin,
Q_IgG=CSF_IgG/S_IgG. Dosadenie kvocientov Q do
Reiberovho grafu a interpretacia vysledkov (8,9). Pozor!
Profesor Hansotto Reiber odvodil a publikoval postup-
ne viacero grafov, ktoré sa v literature oznacuju podla
roku publikacie Reiber, 1980, 1987, 1994. Pouzivanie
prvého je obsolentné, pouzivanie druhého sa akceptuje
v statickom modeli, pouZivanie tretieho sa odporuca pre
dynamicky model interpretacie.

2. Dokaz oligoklonalnych pasov imunoglobulinu IgG. Vyset-

renie: mozgovomiechovy mok a paralelne sérum. Me-
todika: Jedinou dostato¢ne senzitivnhou a Specifickou
metddou je izoelektricka fokusacia (7,8,10). Vzhladom
k tomu, Ze v SR t.¢. minimum pracovisk s potrebnym
pristrojovym vybavenim (izoelektricku fokusaciu vyko-
nava jediné likvorologické pracovisko v Bratislave, I. Ne-
urologicka klinika, FN Bratislava, priazniva perspektiva
sa javi pre vychodoslovensky kraj, kde sa zacina s IEF
v laboratoriu LABMED), s prihliadnutim na publikova-
né referencie o senzitivite a Specifite inych elektrofore-
tickych metod (137,11,12,13), je nutné sa uspokojit s vy-
Setrenim imunofixa¢nou elektroforézou.
Interpretacia: Vizualne zistovanie pritomnosti oligoklo-
nalneho pasu alebo viacerych pasov, a to paralelne
v sére a v CSF. Interpretacia je zasadne zavisla od hod-
not senzitivity a Specifity, ktoré dosahuje pouzita elek-
troforeticka metoda. Pri popise musi byt preto pouzita
metdda uvedena.
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Analytika a kontrola kvality
Pre spolahlivé stanovenie albuminu v likvore a v sére

odporucame pouzivat:

1. imunochemické metddy - radidlna imunodifizia RID,
imunonefelometria IN alebo imunoturbidimetria IT,

2. optimalnu inStrumentaciu (pristroje Roche, Dade-Be-
hring, Coulter-Beckman, Orion),

3. kalibracné materialy s chemickou nadvdznostou mera-
nia na [IFCC a WHO s§tandard CRM 470,

4. 1QC s kontrolnymi materialmi CSF Bio-Rad, Dade-Be-
hring, Beckman, Randox, a

5. pravidelnt, regularnu ucast v externom hodnoteni kvali-
ty EQA.

Predanalyticka faza

Odber: Mozgovomiechovy mok - Standardné skima-
vky bez protizrazavych prostriedkov. Krv - Standardné
skumavky bez prostizrazavych prostriedkov (sérum),
pouZzitie seoparaénych gélov a akceleratorov zrazZania
je mozné.

Spracovanie: Na biochemické vySetrenia je mozné
pouzit likvor, ktory je centrifugovany do 3 hodin po
odbere. Skladovanie: Centrifugovany mok a sérum je
mozné skladovat pre dodato¢né analyzy (predovsetkym
stanovenie Specifickych proteinov) do 1 tyzdna pri teplote
+4 az +8°C, do 1 roka pri teplote -20°C, opakovane
nerozmrazovat (14,15).

KOMENTAR

1. Uvedeny navrh predstavuje minimum vySetreni, ktoré
by sa mali vykonat pri podozreni na SM, ktoré viedlo
ku odberu cerebrospinalneho likvoru. McDonaldove
kritéria, revizia 2005 (3) uvadzaju ,dokaz oligoklonal-
nych IgG pasov izoelektrickou fokusaciou s imunofixa-
ciou“ a ,zvySeny IgG index“. Pri cielenej diagnostike
SM, sledovani priebehu ochorenia SM a pri diferencial-
nej diagnostike SM (akutne neuroinfekcie, tzv. MS-like
syndromy) sa pouziva podstatne §irSie spektrum vySet-
reni (16,17,18,19,20). Za lege artis povazujeme kazdé ta-
kéto vySetrenie vykonané laboratornou metodou, ktora
je pod kontrolou. Zvlast upozoriiujeme na diagnostic-
ky vyznam metodicky pomerne jednoduchého, ale na
Hludsky faktor” vel'mi citlivého stanovenia kvalitativnej
cytologie moku (20).

2. lIzoelektricka fokusacia je jedina metdda elektroforetic-
kého vysetrovania proteinov v CSF, ktoru vyhodnocuju
EQA. Imunofixa¢na elektroforéza nie je, podla naSich
vedomosti, v Ziadnom systéme EQA vyhodnocovana.
Moznost externej kontroly imunofixacnej elektroforézy
je preto problémova.

3. Pri elektroforetickom vySetreni proteinov je zasadnym
paralelné vySetrenie krvného séra a CSF a paralelné
hodnotenie nalezov v oboch tekutinach zrakom.

4. Nie je beznou praxou klinickych laboratorii poskytovat
ku vysledku vySetrenia aj charakteristiku metody, kto-
rou sa ku vysledku dospelo. Z dovodov uvedenych v tej-
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to sprave a podrobnejSie popisanych v (21) pokladame
za vel' mi uzito¢nu a zasadnu informaciu podrobny popis
metody a udaja o sposobe zahustenia pri elektroforéze
proteinov v CSF. SM je chronické, roky az desatrocia
trvajuce ochorenie, u ktorého dochadza opakovane ku
spatnému Studovaniu a moznému prehodnocovaniu
v§etkych klinickych aj paraklinickych nalezov, roznymi
lekarmi na réznych neurologickych pracoviskach. Nega-
tivny nalez oligoklonalnych pasov ma uplne rozdielnu
validitu pri réznych pouzitych metodach elfo. Z toho
vyplyva uplne ina interpretacia, ktora moze rozhodovat
o spravnosti stanovenia diagndzy, priebehu ochorenia
a lieby SM! Zdravotnictvo v Europskej Unii, véitane
nasej republiky, vstupuje do Casovej etapy zavadzania
postupov eHealth, véitane elektronického zdravotné-
ho zaznamu. Realitou blizkej buducnosti je vzajomné
prepajanie databaz so zdravotnymi udajmi pacientov
v ramci celého jedného Statu. Realnou viziou nie prili$
vzdialenej buducnosti je elektronicky preklad formalizo-
vanych zdravotnych zaznamov a tym prepojenie data-
baz zdravotnych zaznamov pacientov v ramci celej EU,
aj planované vytvaranie narodného registra pacientov so
SM, ktori McDonaldove kritéria splnaju. Preto by malo
byt naSou snahou, sa im aj za danych moznosti vysetro-
vania CSL v SR ¢o najviac priblizit. Neposkytnutie in-
forméacie o pouZitej elektroforetickej metdde a sposobe
zahustenia CSF pokladame za non lege artis postup!
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FELLOWSHIP OF THE EUROPEAN BOARD
OF MEDICAL BIOPATHOLOGY

GUSTAV KOVAC
ANNA PORUBENOVA

Institute for Chemistry
Clinical Chemistry and Laboratory Medicine
Slovak School of Medicine Bratislava
Alphamedical Bratislava

Introduction and History: UEMS was founded 1962. In-
dividual sections has represented various medical special-
ties. These sections included a specialist section devoted to
laboratory medicine. 1988 Anatomo Pathology was split
and formed its own specialist section. The remaining spe-
cialist section was renamed Medical Biopathology. 1992
it was recognized, that Medical Biopathology consists of
five specialties: medical mivrobiology, Clinical Chemistry,
Hematology, Immunology and Polyvalent medical biopa-
thology. Section has formed European Board of medicval
biopathology. Board and Section consist of representatives
of all EU countries and from other countries outside EU.
The members are nominated by National Medical Organisa-
tions. Board and sections have president and secretary.

Aims: Standards required for training in Medical Biopa-
thology. Proposals in relation to the quality and content of
training programmes. Recommend procedures to facilitate
the free movement of Biopathologists throughout the EU.
Recommend the criteria to which Training centres should
conform. Examine the content and quality of training pro-
grammes. Facilitate the exchange of specialits trainees be-
tween training centres in various countries. Institute the
recognition of quality and competence by establishing the
Fellowship of the European Board of Medical Biopathology.

Fellowship of European Board of Medical Biopaathology:
Individual has to fulfil the criteria for the recognition of quali-
ty and competence. Individuals registered medical specialties
in one fo EU have automatic right to practice in another EU
country. Fellowship conferres no additional rihts and is not
mandatory qualification. It facilitates travel and movement
and helps in aligning the practice of MB in various countries
of EU and provides uniform standard for training.

Conditions for awarding the Fellowship: Candidate must
be recognized specialist in MB for at least 3 years. He or she
should demonstrate appropriate expertise in field of MB.
It should be proved and shown the continuing scienetific
interest. The candidate will be asked to take an examina-
tion of his training and competence by examinig boardap-
pointed by EB of MB. Documentary evidence will be for
majority of candidates sufficient. Examination will be con-
ducted in english or french. Criteria: diplomas, certificates,
training period of 4—5 years in training centres fulfilling the
requirements of quality, registration as a specialist in one
of the specialties in MB in the home country for at least 3
years (national qualificationwill be recognized — examina-
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tion board will examine the training programme and con-
ditions), practice of 3 years in Post Specialist Registration
Work, proving the continuing scientific interest in Medical
Biopathology — Continual Medical Education — Continu-
ing Professional Development — EACCME credits.

The Structure of the Examination: European Board
of Medical Biopathology is responsible for conductiong
the examination. It appoints the examination Pannel and
its Director, proceeedings conducted in english or french
guidelines,produced by EB of MB. Pannel of examiners:
representative of UEMS Board for Medical Bioppathology,
representative of the country of candidates origine in the
specialty, representatives of academic life, practitioners in
the specialty from other country than the candidates origi-
nates. Paying a level of fee determined by EB of MB in ad-
vance.

Foundation Fellowship: Granted to individuals who are
practising MB for at least 10 years. They are required to
demonstrate the hold of registered medical qualification.
Foiundation fellowship will be will be available for a period
of four years from the date of conferring the first Fellow-
ship.

Honorary Fellowship: Distinguished individuals in Medi-
cal Biopathology is limited. It has to be unanimous approval
of EB of MB.

Appeal against the decisions: Candidate for fellowship
of EB of MB will have a right to appeal any decision to
the president of the specialist section of MB. President ap-
points the pannel of three individuals to review the deci-
sion. At the next meeting of specialist sections the majority
of votes will deccide.

Revocation of the Fellowship: Covers special circum-
stances. Removing from register in the country of his origin
or in country where he or she is practising.

UEMS CHEMICAL BIOPATHOLOGY
TRAINING PROGRAM

GUSTAV KOVAC, ANNA PORUBENOVA

Institute for Chemistry
Clinical Chemistry and Laboratory Medicine
Slovak School of Medicine Bratislava
Alphamedical Bratislava

Definition: Chemical biopathology is medical discipline
that employs biochemical knowledge and measurements to
diagnose diseases and monitor effects of treatment through
chemical investiagations of body fluids. Chemical biopa-
thology has its skills in the interface between clinical knowl-
edge, pathogenic mechanisms, biochemistry, molecular bi-
ology and information technology.

Central Monitoring Authority: Commission of the Spe-
cialists Section Chemical Biopathology accepts national
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standards, institutions and teachers for each country, will
review national standards and work towards the harmonisa-
tion over next few years, will work towards european sys-
tem of formative and summative assessment of training,
convenes meetings with specialists in each country, collabo-
rates closely with recognized national bodies to initiate and
maintain manpower planing.

General Aspects of Training: Individual: 5 years training
duration, 1 year common trunk, 1 year clinical practice,
logbook. Global: competitive selection of trainees, trained
chemical biopathologist, system of quality assurance and
assessment of training in specialty, controlling entry into
the training process (manpower planing), arrangements cur-
rently available in most EU countries: financial support.

General Objectives of Training

Competence: anatomy, physioloigy, biochemistry and
pathobiochemistry, pathogenetic mechanisms and epi-
demiology, biochemical tests and organ functions tests,
indication and interpretation, laboratory methods and
technology, quality systems, research and sceintific knowl-
edge, continual medical education, information technology,
management and communication, legal and safety aspects,
teaching, clinics.

Requirements for Training Institutions: national stan-
dards, nationally recognized training centres, structural
educations visits of EU standards, trainers medical special-
ists in Chemical biopathology for 5 years, training in more
than one centre

Reqiurements for Teachers: Chief of training: head of
the department, practicing in the specialty for more than 5
years. Trainers: must be recognized by the national authority
for specialists training, should be knowledgable in research
work. Training of individuals should meet requirements of
national rules, EU directives, UEMS recomendations, close
personal monitoring of the trainees.

Requirements for Trainees: Experience: performing suffi-
cient number of practical procedures, management of clini-
cal laboratories, linguistic ability - international literature,
balance between supervised and unsupervised training time,
Logbook, clinical training in internal medicine mandatory for
1 year. Curriculum: biochemical aspects of diseases,analytical
techniques, data management, laboratory training, logistics
and automation, quality control and quality assurance, basic
investigations in analytical methods, health and safety, labo-
ratory Management and communication skills, clinical train-
ingresearch development, clinical audit, continuing study.
Common Trunk: Data management, Skills in the statistical
interpretation of laboratory and population data, nomencla-
ture, units, reference intgervals and biostatistics, Computer
application within the laboratory — spreadsheets, databases,
statistical packages, IT, ionfrmatics, Logistics and automa-
tion, request forms, sample identification, information tech-
nology, work flow, instrument interfacing, reporting of re-
sults, Quality Control and Assurance,IQ, EQ,Interpretation
and course of action,Near patient testing, Basic investigation
in analytical techniques, Health and safety, Regulatory and
other aspects of health and safety, Laboratory management
and communication skills, Research and Development, Clini-
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cal Audit, Clinical training, Biochemical aspects of diseases:
Biological variability, Diseases of GIT pancreas, liver, Protein
structure, metabolism, disorders, Basic immunology, Kidney
and urinary tracakt diseaases, Pulmonary function, Distur-
bances of oxygen/CO?2 transport and H+ metabolism, Distur-
bances of water and electrolytes metabolism, Disturbances of
lipid and carbohydrate metabolism, Disturbances of calcium
phosphate and magnesium metabolism, Other disorders of
bone and connective tissue, Clinical enzymology, Diseases
caused by nutritional disturbances, Basic molecular biology,
Inherited metabolic disorders (including molecular genetics,
Basic molecular biology, Principles of screening, Disorders of
hemoglobina and porphyrin, Nervous system disorders, Car-
diovascular system disorders, Disorders of the endocrinne
system, Toxicology and TDM, Paediatric biochemistry,
Metaabolic effects of trauma, Diagnosis and monitoring of
trauma, Interferences and drug effects on laboratory investi-
gation. Laboratory training: Analytical and general laboratory
procedures, Understanding of methods development, perfor-
mance and application, Spectrophotometry, flame emission
photometry, Automated instrumentation, Electrochemical
methods, Osmometry, Enzymology, Radioisotope counting,
Chemoluminiscent methods, Immunochemical methods,
Immunoassay, Electrophoretic methods, Chromatography,
Drug analysis. Solid phase chemistry, AAS / metal analysis,
Mass spectrometry, DNA/RNA analyses, Cell culture tech-
niques, Miscellaneous analyses (occult blood, calculi, urinary
pigments, faecal fat), POCT, Specimen collection, handling,
storage, Standardisation and calibration, Preparation and
storage of reagents.

Continuing Study: Lifelong habits of using literature,
databases, consultations, scientific meeting, presentation
of scientific work, Plan should be written by tutor, Regular
contact with the department of internal medicine

VYUCBOVA BAZA PRE LABORATORNU
MEDICINU A KLINICKU BIOCHEMIU -
KRITERIA A AUDIT UEMS

GUSTAV KOVAC
ANNA PORUBENOVA

Institute for Chemistry
Clinical Chemistry and Laboratory Medicine
Slovak School of Medicine Bratislava
Alphamedical Bratislava

Uvod:V prispevku sa $pecifikuju podmienky, ktoré musi
spinat vyucbova baza pre postgradualnu vyuébu v labora-
tornej medicine alebo v monovalentnych Specializacenych
odboroch medicinskej biopatoldgie

Organizacia: Podmienky pre vyu¢bu musia umoznovat
rotaciu medzi laboratoriami v ramci oddelenia, v pripade
potreby aj medzi nemocnicami, alebo inymi institiciami.




Ziskanie skusenosti s pracou v zahrani¢nych laboratériach
je vitané. Vsetky vyucbové bazy by mali prejst procesom
akreditacie.

Rozsah laboratornej diagnostiky: Laboratoria vyucbovej
bazy musia poskytovat dostatoCne Siroky rozsah laborator-
nych vysetreni pre odbory vnutornej mediciny, chirurgie, gy-
nekologie a porodnictva, pediatrie ako aj paramedicinskym
centram a hygiene. Vyucbova baza nemusi nutne pokryvat
vSetky oblasti, musi vS§ak byt schopna zabezpecit rotaciu ex-
terne v chybajucich oblastiach.

Laboratorne zdroje: Zariadenie a analyticka technika mu-
sia poskytovat Standard konformny s beznou praxou v EU.
IT a pocitacové vybavenie musia zodpovedat Standardom
pre ¢innost a vyucbu pozadovanym v EU. Priestory a vy-
bavenie laboratéria musi zodpovedat beznym Standardom
pre poziarnu ochranu a bezpec¢nost v praci. ZabezpeCenie
aktualnou domacou a zahraniénou literaturou (ucebnice,
Casopisy, prirucky) je nevyhnutné. Predpoklada sa pristup
k elektronickym zdrojom informaécii.

Urgentna laboratorna diagnostika: Laboratorium musi
poskytovat akatnu laboratornu diagnostiku 24 hodin.

Kvalita: Laboratoria vyucbovej bazy sa musia zucastno-
vat procesov, internej a externej kontroly kvality, zdokona-
lovania kvality, akreditacie a snazif sa o totdlny manazment
kvality v oblasti laboratérnej diagnostiky a jej vyucby.

Konzultacie a interpretacia: Styl prace laboratoria musi
byt orientovany interaktivne s klinickou praxou tak, aby Sko-
lenec mal moznost nadobudnuf v praxi skisenosti s konzul-
tacnou cinostou a interpretaciou laboratornych vysledkov
a nalezov v klinickej praxi.

Personalne vybavenie: Vyucbu v medicinskej biopatolo-
gii musi zabezpecovat graduovany medicinsky biopatoldg
s najmenej 10 ro¢nou praxou v medicinskej biopatologii.

Rozne: Na vyucbovej baze musi existovat dostato¢ny po-
Cet kvalifikovanych Skolitelov ako aj pracovnikov, aby zvla-
dli pracovnu zataz tak, aby zodpovedala kritériam kvality
v oblasti laboratornej diagnostiky a jej praktickej a teroetic-
kej vyucby.

Styl prace vyucbovej bazy by mal umoznit $kolencovi
ziskat skusenost aj v oblasti vedeckej a publikacnej ¢innosti,
ako aj v olbasti laboratorneho manazmentu

NOVE TRENDY V LABORATORNEJ DIAGNOSTIKE

GUSTAV KOVAC, ANNA PORUBENOVA

Institute for Chemistry
Clinical Chemistry and Laboratory Medicine
Slovak School of Medicine Bratislava
Alphamedical Bratislava

RFID: RIFD = Radio Frequence Identification je iden-
tifikacia objektu aprenosu dat o nom pomocou radiovych
vin. Vyuzivaju sa vinové dizky od 0, 5 do 10 m. Ako nastroj
na prenos sa pouZiva ,,Tag = visacka®, ktorym sa dany objekt
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oznacuje. Tento pristup je vyhodny pre komplexny prenos
informacii. Nevyhoda je, Ze zavisi od prostredia a povole-
nych vinovych frekvencii. Metdda sa vyuZiva sa pri iden-
tifikacii batoZiny na letiskdch namiesto Ciarovych kodov.
Prikladom vyuzitia v laboratornej diagnostike moze sluzit
aplikacia RFID na transfuznom oddeleni. Ide o aplikaciu
prenosu informacii o procesoch a subjektoch pomocou radi-
ovych vin na transfuznom oddeleni. Visacka dokaze merat
teplotu v transfiznom retazci, obsahuje plna informaciu o
pacientovi, produkte, dokaze sledovat cestu a ¢as produktu,
pacienti su pozitivne identifikovani visackou rovnako ako
zamestnanci. Zamestnanci nemaju radi visacku, lebo sledu-
je ich pohyby a ¢o robia pocas pracovnej doby.

Vyuzitie optickych senzorov v kontrole kvality laborator-
nej diagnostiky: Citacie kamery nahradzaju ludské videnie
- a naviac dokazu realizovat monitoring na rozdiel od Tud-
ského oka pozdiz celého spektra vietkych vinovych dizok
(rtg, UV, IC). Najznamejsie firmy v odbore su: Cognex,
Heuft. V priemysle takéto zariadenia skontroluju viac 3000
flia§ za minutu. V zdravotnictve ¢itaju v laboratériu bar
cody (Beckman, Olympus), triedia skimavky, hladiny séra,
hemolyzu, pouZivaju sa tiez na verifikaciu. Su potrebny do-
plnok pre automatizaciu a robotizaciu.

Autovalidacia v mikrobiologii: Autovalidacia je automa-
ticka validacia vysledkov laboratérnych vySetreni pomocou
valida¢ného softvéru na zaklade nastavenych kritérii. Roz-
diel medzi autovalidaciu v klinickej chémii a mikrobioldgii
je vretazci: vzorka - prijem - administrativa - spracovanie -
vysledok -sprava uvedeny boldom. Vzorky v mikrobiologii /
bakteriologii treba totizZ opakovane vySetrovat a posudzovat
podla vysledku kultar pocas jednotlivych dni. Ale aj tento
proces sa da automatizovat a previest na model klinickej
chémie napriklad pomocou fotografovania platni, automa-
tického posunu misiek, ap. Autovalida¢né pravidla su vSak
zloZitejSie.

Optimalny model vztahov medzi odberatefom a dodava-
tefom v laboratornej diagnostike: Potreby laboratérii v su-
Casnosti predstavuju Siroké spektrum poziadaviek: rekonfi-
guracia dizajnu laboratoria, elektronické Ziadanky, Stitky,
penumaticka posta, automatizacia - predanalytiky, integra-
cia automatov, konsolidacia - diagnostického procesu a la-
boratérnych disciplin, decentralizacia diagnostiky kde je to
vyhodné - POCT. Kone¢né rieSenie musi poskytovat prida-
nu hodnota véitane manazmentu rizika. Otazka dodavatela
dnes vyvstava vo forme - skor ako dlhodobého flexibilného
partnera. Zmluva o manazmente diagnostiky (managed ser-
vices contract) obsahuje: klinické potreby, opera¢né potre-
by, zabezpecenie nevyhnutnej fluidity procesov a fiskalny
benefit. Existuju Specialne agentury (napr. Asteral - Ven-
dor) nezavislé na firmach, ktoré vytvaraju takéto dlhodobé
vztahy - zmluvy na 15 rokov medzi dodavatel'mi a odbera-
tel'mi.

ZvySovanie ucinnosti laboratoria pomocou principov
LEAN: Filozofiu LEAN mozno charakerizovat ako orienta-
ciu na potreby zakaznika (kvalita, rychlost, lacnost), orien-
taciu na potreby laboratéria (kvalita, servis, produktivita,
kapacita, nizke naklady). Hlavné ciele Lean predstavuju:
vysSia kvalita, kratsi TAT, zvySena produktivia, zvySena
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kapacita, znizené naklady. Medzi metédy LEAN patri aj
kaizen a kontinualne zdokonalovanie kvality. Medzi cha-
rakteristické crty LEAN patria: tok procesov, ich analyza
a Standardizacia ako aj meranie vykonu. Pokial ide o vzfah
automatizacie a principov LEAN plati pravidlo: najskor
presadit lean principy a aZ potom automatizacia.

Diagnosticka paradigma budicnosti - spojenie labora-
tornych a zobrazovacich metod: Diagnosticku paradigmu
dneska predstavuje existencia integrovaného klinického la-
boratoria a samostatného oddelenia zobrazovacich technik.
Diagnosticka paradigma, ktora nasleduje bude predstavovat
Integraciu oddeleni laboratornej diagnostiky s oddeleniami
zobrazovacich technik. V buducnosti zrejme zanikne roz-
diel medzi In vivo a in vitro a ostane len integrovana dia-
gnostika. Hlavnym hra¢om vo vysSie uvedenych oblastiach
je firma Siemens.

NOVE TRENDY
V KVALITE LABORATORNEJ DIAGNOSTIKY

GUSTAYV KOVAC
ANNA PORUBENOVA

Institute for Chemistry
Clinical Chemistry and Laboratory Medicine
Slovak School of Medicine Bratislava
Alphamedical Bratislava

Kontinualne zdokonalovanie kvality v laboratornej medi-
cine: Proces kontinualneho zdokonalovania kvality je vy-
sledkom procesu, ktory zacal Stokholmskym vyhlasenim,
pokracoval Europskym modelom nadacie pre kvalitu, akre-
diaénymi normami a antwerpskym vyhlasenim. Kontinual-
ne zdokonalovanie kvality je princip, ktorym sa implemen-
tuje udrZiavanie a zabezpecuje rozvoj kvality na pracovisku.
V suvislosti s kvalitou vSak existuju isté myty v laboratorne;j
medicine

Prvym mytom je, Ze sa vo vSeobecnosti predpoklada, ze
analyticka kvalita je v porovnani hlavne s predanalytickou,
ale aj postanalytickou kvalitou dostatocna a Ze sa teda ne-
musime starat o jej dalSie zdokonalovanie a rozvoj. Druhym
mytom je, Ze laboratorna medicina zaloZena na dokazoch
poskytuje vedecké dokazy a argumenty. VysSie uvedené pre-
misy, ¢asto povazované za axiomy vsak Casto skor zahmlie-
vaju skutoénost, nez by prispievali k odhalovaniu skutoc-
nosti a suvislosti, ktoré stale v oblasti kvality laboratérne;j
diagnostiky zostavaju neobjasnené. Kvalita laboratérnej
diagnostiky je charakterizovana tymito parametrami: doku-
menty a zaznamy, organizacna Struktara, personal, vybave-
nie a zariadenie, nakup a inventar, kontrola a riadenie pro-
cesov, manazment informacii, manaZzment rizika, externa a
interna kontrola kvality a bezpecnost.

Metrika six sigma: Silnou strankou six sigma metriky
je, Ze umoznuje jednoduchu kategorizaciu vykonu v oblasti
kvality na zaklade definovanej totalnej chyby a bias u kazdej
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metodiky. Sigma metrika umoznuje porovnania kvality labo-
ratornej diagnostiky s kvalitou v inych odvetviach. Poradie
odvetvi podla six sigma metriky je mozné charakterizovat
smerom od najlepsej k najhorsej kvalite takto: bezpecost Ze-
lezni¢nej dopravy, bezpecnost leteckej dopravy, automobi-
lovy priemysel, me§kanie vlakovm, laboratérna diagnostika.
Vyssie uvedené svedci pre skutocnost, Ze laboratérna dia-
gnostika v oblasti kvality v porovnani s ostatnymi odvetvia-
mi ma rezervy a musi sa zlepSovat. Buducnost laboratornej
diagnostiky spociva aj v aplikacia six sigma metriky na prin-
cipy biologickej variacie a analytickej neistoty vo vSetkych
oblastiach laboratornej diagnostiky. Kategorizacia urovne
kvality metodik na zaklade sigma metriky vyuziva pri vy-
pocte sigmy totalnu chybu, variaciu a bias a umoznuje tak
definovat uroven kvality kazdej metodiky. To ma vyznamné
dosledky pre ekonomiku, pretoze vySSie uvedeny pristup
umoznuje jednoduchsie definovat opatrenia na zlepSenia,
vycislit naklady na ich implementaciu ako aj uspory z nich
vyplyvajuce.

Vyznam indikatorov Kkvality pri rozhodovani o investiciach
do analytickej techniky: beznou praxou je, Ze o investiciach
do analytickej techniky rozhoduju riaditelia, ktori nepoznaju
problematiku laboratornej diagnostiky, ale nesu zodpoved-
nost za jej kvalitu. Preto je nevyhnutné definovat systém
indikatorov kvality tak, aby jasne charakterizovali ,vykon“
analytickej techniky aj pre ,laika“ v laboratérnej diagnostike.

Analyza potencialu zlyhania:predstavuje jedno z moz-
nosti pri manazmente rizika. Riziko sa v laboratérnej dia-
gnostike vyskytuje v dvoch oblastiach - biznisu (odberatel-
sko - dodavatelské vztahy) a analytiky (pravdepodobnost
vyskytu zlyhania v ramci workflow alebo vlastnej metodiky.
Ide v podstate o samouciaci sa systém, ktory vychadza z em-
pirickych alebo predpokladanych hodnot, ktoré sa overuju
a upresnuju v praxi. Na zaklade overenia a vyhodnotenia sa
potom stanovuju priority a planuje sa zlepSenie postupov.

Integracia diagnostiky: laboratorna diagnostika presla
vyvojom od manualnych metodik cez automatizované ku
integrovanym a konsolidovanym metédam, ktoré nerobia
rozdiel medzi odbormi. Laboratorna diagnostika zacina
dnes predstavovat kompaktny, integrovany a konsolidovany
utvar, ktory sa da jasne definovat rovnako ako poZziadav-
ky na kvalitu jeho Cinnosti. Zobrazovacie techniky (RTG,
USG, CT, NMR in vivo a in vitro, PET a iné) sa tiez za-
¢inaju koncentrovat v oddeleni zobrazovacich metod. Bu-
daci model diagnostiky bude predstavovat integraciu labo-
ratornych a zobrazovacich technik do kompaktného balika
jednotnych diagnostickych informacii. Tento vyvoj je pod-
porovany technologickym pokrokom, ako aj ekonomickou
motivaciou a snahou poskytovat za kazdych okolnosti ¢o
najkvalitnejSiu diagnostiku.

Inovovany Demingov cyklus - zdravotnicka starostlivost
orientovana na procesy: Jednou z metod na zlepSovanie kva-
lity je postup - cyklus - ktory definoval Deming a ktory sa
vyvojom inovoval. Jeho sucasma podoba je takato: definuj,
meraj, analyzuj, inovuj, zdokonal, vyhodnot a znovu opakuj
cely vyssie uvedeny cyklus.

Aplikaciou inovovaného Demingovho cyklu v klinickej
praxi je vytvaranie oddeleni, na ktorych sa pouZzivaju Stan-




dardizované metddy na Standardizované choroby. To méa za
nasledok zvySenie kvality a zniZenie nakladov na laborator-
nu diagnostiku.

KVALITA INTERPRETACIE
LABORATORNEHO NALEZU

GUSTAV KOVAC
ANNA PORUBENOVA

Institute for Chemistry
Clinical Chemistry and Laboratory Medicine
Slovak School of Medicine Bratislava
Alphamedical Bratislava

Uvod: Laboratorny nalez sa beZne interpretuje porov-
nanim aktualneho vysledku s referenénym rozsahom. Ak
vysledok presiahne hornu a v niektorych pripadoch dolnu
hranicu referencného rozsahu, povazuje sa za patologicky.
U epidemiologickych studii hlavne z oblasti studii rizika
ochorenia alebo umrtia na komplikacie aterosklerozy sa
zvyknu udavat namiesto referen¢nych hodnét cielové/ ide-
alne hodnoty (pfi kterych je najnizsie riziko vyskytu ocho-
renia alebo umrtia)

Definicie: Na kvalitnu interpretaciu laboratorneho na-
lezu je nevyhnutné poznat referencné hodnoty, analyticku
variaciu, biologicku variaciu a totalnu variaciu, dalej poznat
rozdiel medzi koncepciou chyba a neistoty, poznat princip
zistenie klinicky vyznamného rozdielu ako aj indexu indi-
viduality. Presnost je miera schopnosti analytickej metodo-
logie dosiahnut ¢o najmensiu odchylku pri opakovanom
merani danej vzorky. Sprdvnost je miera schopnosti ana-
lytickej metodologie namerat hodnotu, ktora sa o najviac
blizi ku skuto¢nej hodnote danej vzorky. Intraindividudlna
varidcia predstavuje kolisanie hodnoty parametra okolo
homeostatického bodu na zaklade cirkadianneho rytmu,
menstruaéného cyklu, sezonnych alebo inych cyklov. Inte-
rindividudlnu varidciu_urcuje pohlavie, rasa, vek, prostredie.
Totdlna varidcia sa sklada z analytickej chyby (presnost +
spravnost = spolahlivost ), biologickej varidcie (intraindi-
vidualna varidcia + interindividualna variacia = biologicka
variacia). Totdalna chyba potom predstavuje sucet. analyticka
chyba + biologicka variacia. Koncepcia chyby laboratérne-
ho vysledku je zaloZzena na predstave, Ze je mozné presne
stanovit analytickou metodou skuto¢nu hodnotu. Koncepcia
neistoty laboratérneho vysledku naopak predpoklada, zZe nie
je mozné stanovit jednu hodnotu ale len interval, v ktorom
sa hodnota nachadza. Klinicky vyznamny rozdiel je defino-
vany rovnicou: CD(%)=1.96 %22 (VK, *+ VK ?*)"*=2.77 x
(VK + VK, »)". Index individuality sa zaobera problemati-
kou citlivosti referen¢nych intervalov. Harrisov v tejto suvis-
losti udava pomer intra a inter individualnej variacie a deli
laboratorne parametre do jednotlivych kategorii: menej ako
0.6 (malo senzitivne - 0.2: enzymy, 0.4: cholesterol) do 1.0
(kreatinin, KM), viac ako 1.0 (Na, K).
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Vysledky: Laboratorny vysledok sa interpretuje ,,mecha-
nicky” a ,intuitivne®. Je dost poznatkov na ,vedecky“ pri-
stup k interpretacii laboratorneho vysledku. Zakladnymi
nastrojmi na interpretaciu laboratorneho vysledku su zna-
losti o referenénych hodnotach, analytickej variacii a biolo-
gickej variacii. Laboratérny vysledok je mozné interpreto-
vat na zaklade konceptu chyby alebo principu neistoty abo
ratorneho vysledku. Bez ohladu na vyssie uvedené principy
je mozné pri interpretacii vyuzivat kalkulaciu klinicky vy-
znamného rozdielu.

Priklady analytickej variacie(AV), intraindividualnej
(BI) a interindividualnej (BII)biologickej variacie a totalnej
variacie (TV) u vybranych lipidovych parametrov:

PARAMETER AV BI BII TV
Cholesterol 4% 8% 12 % 14 %
LDL 7% 14 % 25% 27 %
HDL 6 % 12% 23% 26 %
TG 11% 22% 23% 34%

Pre vypocet klinicky vyznamného rozdielu u cholesterolu
u daného pacienta je treba pouzit analyticku variaciu (AV)
a intraindividualnu biologicku variaciu (BI). Pre hodnoty
AV=4%, BI=8% a pocet merani n=2 nadobuda CD hodnoty:
CD=2.77 (4 *+8%12=277 (16+64)"2=2.77x8.9=25%. Pre
hodnoty AV=2%, BI=8% a pocet merani n=2, nadobuda
CD hodnotu: CD=2.77 (22+8%)'2=2.77 (4+64)"2=2.77x
8.24=23%. Pre hodnoty cholesterolu CH 1=8 mmol/l
aCH2=7mmol/l a ich rozdiel CH 1-CH 2=8 - 7=1, nado-
buda CD nadobuda hodnotu CD %=(8-7)/7))*100=14%.
Podobne pre hodnoty cholesterolu CH1=8 a CH2=6.5
nadobuda CD hodnotu 23%, resp. pre hodnoty choleste-
rolu CH1=8 a CH 2=6 CD% 28%. Pre vypocet klinicky
vyznamného rozdielu u epidemiologickych Studii je treba
brat do vypoctu totalnu biologicku variaciu. TBV=(VK_*+
VK, "> Cholesterol=(8>+12%)"?=14%. LDL=(14?+25%)"?
=27%, HDL=(122+23%)%=26%, TG=(222+23912=34%.
Klinicky vyznamny rozdiel potom bude nadobudat pre
skupinu hodnoty podla vzorca CD=2.77 (VK *+VK, )"
pre cholesterol=2.77 (42+122)"2=34%, pre LDL=2.77 (7*+
259)12=75%, HDL=2.77 (62+23%)'2=66%, pre TG=2.77
(112+23212=70%.

Zaver: Parametre kvality postanalytickej fazy nie su jas-
ne definované, nevenuje sa im adekvatna pozornost. Kvalita
postanalytickej fazy je na nizkej urovni a predstavuje vyzvu
pre lekarov - jej zlepSenie mdze mat vyznamné ekonomické
dosledky.. Kvantifikaciu ovplyvnenia laboratorneho vySetre-
nia analytickymi a biologickymi faktormi umoznuje vypocet
klinicky vyznamného rozdielu. ZvySovanie vplyvu analytic-
kej spolahlivosti na vysledok je limitované biologickou vari-
aciou a u vac¢Siny parametrov neprinesie podstatné zvySenie
kvality. Klinicky vyznamny rozdiel parametrov lipidového
metabolizmu u monitorovaného jedinca predstavuje 25 %
(cholesterol), 40 % (LDL), 50 % (HDL), 65 % (TG). Klinic-
ky vyznamny rozdiel parametrov lipidového metabolizmu
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u skupinovych Studii predstavuje 34 % (cholesterol), 75 %
(LDL), 66 % (HDL), 70 % (TG).

Doporucenia: Nemali by sme pouzivat referencné hod-
noty bez popisu metddy a referencnej populacie, deklarovat
referencny interval ako normu, vypocitavat referencné hod-
noty bez ohladu na distribuciu, prisne dodrziavat referenc-
né hranice bez kontroly ich relevantnosti. Je nevyhnutné
vynaloZzit usilie na implementaciu principu neur€itosti do
klinickej praxe. Je nevyhnutné sustredit pozornost na defi-
niciu a zvySenie parametrov kvality v postanalytickej faze.

LABMED BRATISLAVA 2008

GUSTAYV KOVAC
ANNA PORUBENOVA

Institute for Chemistry
Clinical Chemistry and Laboratory Medicine
Slovak School of Medicine Bratislava
Alphamedical Bratislava

Uvod: V diioch 10-12 aprila 2008 sa konal pod zastitou
Europskej unie medicinskych Specialistov jubilejny 10 roc-
nik sympozia s medzinarodnou ucastou Labmed Bratislava
2008. Jeho hlavnymi organizatormi boli: Slovenska zdravot-
nicka univerzita, Slovenska spolo¢nost pre laboratornu me-
dicinu, Slovenska lekarska spolo¢nost, Alpha Medical sro.

Program: Hlavné témy rokovania boli: 55 rokov institu-
cionalneho dalSieho vzdelavania zdravotnickych pracovni-
kov na Slovensku, 10 vyrocie organizacie sympozii Labmed,
Cena Pera Hyltofta Petersena, Eurépska uinia medicinskych
Specialistov a medicinska biopatoldgia, Kvalita interpretacie
laboratorneho vysledku, Laboratorna medicina v Eurdpskej
unii, Laboratérna medicina na Slovensku, Audit Studijnych
Specializa¢nych naplni, logbookov a systému pripravy y sku-
Sok v laboratornej medicine na Slovensku

Ucastnici: Zahranicni predndsatelia: Bernard Maillet
(Belgicko) generalny sekretar UEMS, Utz Merten (Nemec-
ko) prezident vyboru UEMS pre medicinsku biopatologiu,
Lena Norlund (Svédsko) tajomnik vyboru UEMS pre me-
dicinsku biopatologiu, Augusto Machado (Portugalsko)
prezident sekcie UEMS pre polyvalentnu medicinsku bio-
patologiu, Damiano Castelli (Svajéiarsko) prezident sekcie
UEMS pre hematologicku biopatologiu, Per Hyltoft Peter-
sen (Dansko), prezident vyboru pre udelovanie ceny PHP,
Ana Stavljenic Rukavina (Chorvatsko), laureatka ceny PHP
(Pera Hyltofta Petersena) za rok 2008. Domdci predndsa-
telia: Jan Stencl, Danka Farkasova, Alojz Raktis, Roman
Kovag, Stanislav Oravec, Gustav Kovac. Posluchdci: 10 april
2008: stvrtok: 117, 11 april 2008: piatok: 90, 12 april 2008:
sobota: 36. Firmy: Roche, Asco, Olympus, Biomedica, Sie-
mens, Stapro, Marian Blina a syn, Randox, Sysmex, Trigon,
Eurolab Lambda, Pliva Lachema, Merck

Problémy: Spolupraca s SLS, slaba ucast tych, ktorych
sa problematika neprijemne dotyka - monovalentnych §pe-
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cialistov, nedoslednosti v ¢innosti organizaéného vyboru,
organizacia na posledny chvilu.

Zavery: Patdesiat paf rokov inStitucionalneho dalSie-
ho vzdelavania zdravotnickych pracovnikov na Slovensku
predstavuje vyznamny medznik a vyZaduje si dalSie usilie v
hramonizacii. 10 rokov organizacie sympozii Labmed Braa-
tislava etablovalo toto podujatie do pozicoie lidra v oblasti
inovacie laboratornej diagnostiky. Cena Pera Hyltofta Pe-
tersena bola udelena tymto kandidatom: Dieter Johannes
Vonderschmitt (Svajéiarsko), Aake Holmgaard (Svédsko),
Marek Dominiczak (UK), Pavel Blazic¢ek (SR), Rita Andrea
Horvath (Madarsko), Anders Kallner (Svédsko), Ana Sta-
vljenic Rukavina (Chorvatsko). Slovensko ma zastupenie v
Eurépskej unii medicinskych §pecialistov menovite v sekcii
medicinska biopatoldgia. Kvalita interpretacie laboratorne-
ho vysledku sa zvySuje, pokial sa zohladnuje prevalencia
vyskytu choroby. Potvrdilo sa, Ze polyvalentna laboratorna
medicina v Europskej unii prevlada, hoci jej nazvy su rozne.
Laboratorna medicina na Slovensku zapustila korene, stale
vSak prevlada nedovera a pokusy o reviziu stavu. Sprava o
vysledkoch auditu postgradualneho Studia v laboratérnej
medicine bude vypracovana do mesiaca.

Doporucenia: Pokracovat v doterajSom vybere inovac-
nych tém, cielovu skupinu klientov okrem laboratornych
pracovnikov rozsirit na klinikov, podujatie systematicky pri-
pravovat cely rok na zaklade dlhodobého planu, systematic-
ky spolupracovat s kmenovym posluchac¢stvom, prehlbovat
kontakty s firmami, stabilizovat organiza¢ny a programovy
vybor, spolupracovat s UEMS.

POSTGRADUALNE VZDELAVANIE
V LABORATORNEJ MEDICINE
A KLINICKEJ BIOCHEMII

GUSTAV KOVAC, ANNA PORUBENOVA
TRUPL J., DRAKULOVA M., KELEOVA A., URGE O.

Institute for Chemistry
Clinical Chemistry and Laboratory Medicine
Slovak School of Medicine Bratislava
Alphamedical Bratislava

Postgradualne vzdelavanie v klinickej biochémii a la-
boratornej medicine: vychadza z dokumentov SR ako aj
z dokumentov EU. V praci sa zaoberame sucasnym sta-
vom postgradualneho vzdelavania v laboratornej medicine
a klinickej biochémii - menovite: Studijnymi Specializa¢ny-
mi naplinami (curiculum), zaznamnikmi vykonov a inych
aktivit (logbook), zaradovanim, systémom pripravy, systé-
mom overovania vedomosti. V praci diskutujeme problémy
suvisiace so suc¢asnym stavom a navrhujeme ich rieSenie.
Postgradualny Specializa¢ny program (curiculum): Slovenska
zdravotnicka univerzita ktora je garantom postgradualneho
vzdelavanie v laboratornej medicine a klinickej biochémii
schvalila: Postgradudlny Specializacny program (curiculum)




pre laboratornu medicinu ktory vychadza z charty UEMS
pre medicinsku biopatolégiu, (5 rokov trvanie, 1 rok klini-
ka, 4 roky laboratorium) ucebnice: Keneth MC Clatchey:
Clinical Laboratory Medicine (klinické laboratorium, mo-
lekularna patologia, klinickd chémia, mikroskopia a ana-
lyza moca, cytogenetika, hematologia, hemostaza, HLA,
imunopatologia, mikrobiologia, krvna banka a transfizna
medicina). Postgradudlny Specializacny program (curiculum)
pre klinickii biochémiu ktory vychadza z charty UEMS pre
medicinsku biopatologiu, (5 rokov trvanie, 1 rok klinika, 4
roky laboratorium), sylabu EC 4 pre klinicku chémiu - Cli-
nical Chemistry (klinicka chémia, klinicka prax, rozsirena
hematologia, rozSirena mikrobioldgia (viroldgia, mykologia,
parazitologia, bakteriologia).

Zaznamnik zdravotnych vykonov a inych odbornych akti-
vit: Pre oba druhy postgradualneho Stadia existuju ma tieto
Casti: klinicka prax, prehlad ucasti na Skoliacich akciach,
vedeckych podujatiach, Studijnych pobytoch, prehlad pred-
naskovej a publikac¢nej ¢innosti, zaznam o vykonoch I= viac
ako 100, zaznam o vykonoch II = menej ako 100, sucet vy-
konov.

Zaradovanie: Do postgradualneho vzdelavania moze byt
zaradeny lekar, iny zdravotnicky pracovnik (po absolvovani
pripravy pre vykon prace v zdravotnictve), laborant s vyso-
koskolskym vzdelanim.

Systém pripravy: Ucebné texty: Kolektiv Clenov ustavu
pre Chémiu, klinickii biochémiu a laboratornu medicinu
SZU vypracoval a autorizoval za obdobie jun - december
2007 prednasky pre vstupny kurz z laboratornej mediciny
a klinickej biochémie, ktory pokryva vsetkych 11 oblasti
z laboratornej mediciny a je v power pointovom formate.
Vstupny kurz: Ustav chémie, klinickej biochémie a labora-
tornej mediciny poskytuje kazdoro¢ne pre Studentov zara-
denych do postgradualneho vzdelavania vstupny 4 tyzdno-
vy kurz v letnom a zimnom semestri (v juni a decembri)
zamerany na praktické a teoretické zaklady hlavnych oblas-
ti laboratornej mediciny a klinickej biochémie ( laboratérny
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manazment, klinicka biochémia, hematolégia, mikrobiolo-
gia a imunologia). Teoretickd a prakticka priprava spociva
v individualnom S$tudiu, praxi na ,,domovskom“pracovisku,
Ucasti na vedeckych podujatiach, skoliacich akciach a kon-
gresoch, prednaskovej a publikaénej Cinnosti (kontinual-
nom vzdelavani).

Overovanie vedomosti: 7ermin: koniec januara a Koniec
maja (skusSobné obdibe letny a zimny semester). Odbor, kli-
nicka biochémia, laboratérna medicina

Skisobna komisia: prof. MUDr. RNDr. Gustav Kovac
CSc MBA, MUDr. Anna Porubenova CSc, prof. RNDr. Jan
Trupl CSC, prof. MUDr. Stefan Nyulassy DrSc, prof. MUDr.
Ivan Pechan DrSc., MUDr. Monika Drakulova, Pharm.Dr.
Anna Keleova CSc., PaedDr. Zdena Kone¢na CSc.

Problémy: Interferencia s pregradualnou vyucbou pred-
metoch chémia, biochémia, funkéna a laboratorna dia-
gnostika, manazment v laboratornej medicine v dennom,
externom a dialkovom Studiu na lekarskej fakulte, fakulte
Specializacnych §tudii, fakulte verejného zdravotnictva a fa-
kulte oSetrovatelstva Slovenskej zdravotnickej univerzity.
Formulacia kategérii inych zdravotnickych pracovnikov
v nariadeni vlady a jej interpretacia pri definicii typov mo-
novalentného a polyvalentného vzdelavania. Zaradovanie
inych zdravotnickych pracovnikov do monovalentného
alebo polyvalentného §tudia - nevhodna definicia vstup-
nych podmienok (vysoké skoly). Uznavanie dizky praxe
u laborantov s vysokoskolskym vzdelanim. Rozdiely medzi
kritériami UEMS a praxou na Slovensku v postgradualnom
vzdelavani v medicinskej biopatologii

Zaver: Postgradualne vzdelavanie v laboratornej medi-
cine a v klinickej biochémii ma zadefinovany systém S$tu-
dia, ktory spociva na Studijnych Specializacnych naplniach,
zaznamnikoch, zaradovani, vstupnom kurze, u¢ebnych tex-
toch, individalnom Studiu, praxi a overovani vedomosti.

Doporucenia: Vo vsetkych vysSie uvedenych oblastiach
(u niektorych viac, u inych menej) je potrebné prehlbovat har-
monizaciu s Chartou UEMS pre medicinsku biopatologiu.
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