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SaZetak

Koncentracija kreatinina u serumu je nepouzdan i neosjetljiv biljeg kronicne
bolesti bubrega (engl. chronic kidney disease, CKD). Kako bi pobolj3ali otkriva-
nje CKD mnogi europski i sjevernoamericki laboratoriji te svi australoazijski
laboratoriji izraunavaju i u nalazu ispisuju procijenjenu brzinu glomerularne
filtracije (engl. estimated glomerular filtration rate, eGFR) primjenjujuci for-
mulu MDRD (engl. Modification of Diet in Renal Disease, MDRD) kod svakog
zahtjeva za odredivanje koncentracije kreatinina u serumu. Cilj ovog rada je
pruzanje pravovremene informacije Klinickim kemicarima o snazi, slabostima
te dostupnim dokazima o ulozi automatiziranih laboratorijskih nalaza eGFR u
otkrivanju CKD. Tocnost i preciznost eGFR su prihvatljivi za vecinu odraslih 0so-
ba kod kojih su izracunane vrijednosti < 60 mL/min/1,73 m2. Medutim, u od-
redenim okolnostima eGFR treba tumaciti s oprezom (osobito kod bolesnika s
eGFR > 60 mL/min/1,73 m2 te kod djece). U ovom se radu takoder raspravlja
0 odlukama koje su povezane eGFR, a ticu se klinickih postupaka, indikacija za
upucivanje nefrologu, vaznosti standardizacije odredivanja kreatinina, te ulo-
ge eGFRu odluci o doziranju lijeka. Zakljucno, automatizirani laboratorijski na-
lazi eGFR povecati e rano otkrivanje CKD te omoguciti pravovremeno odredi-
vanje odgovarajucih renalno- i kardioprotektivnih terapija, kao i pruZiti bolje
informacije kod odlucivanja o propisivanju lijekova koji se izlu¢uju bubregom.
Kljucne rijeci: kronicna bubrezna bolest, Cockcroft-Gaultova jednadzba, br-
zina glomerularne filtracije, jednadzbe za procjenu brzine glomerularne fil-
tracije, jednadzba za modifikaciju prehrane kod bubrezne bolesti, kreatinin
u serumu
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Abstract

Serum creatinine concentration is an unreliable and insensitive marker of
chronic kidney disease (CKD). To improve CKD detection, many European and
North American laboratories and all Australasian laboratories calculate and
report an estimated glomerular filtration rate (eGFR) using the Modification
of Diet in Renal Disease (MDRD) formula with every request for serum creati-
nine concentration. The aim of this paper is to provide timely information to
Clinical Chemists about the strengths, weaknesses and available evidence for
therole of automated laboratory reporting of eGFR in CKD detection. The accu-
racy and precision of eGFRs is reasonable in most adults in whom calculated
values are < 60 mL/min/1.73 m. However, eGFRs should be interpreted with
caution in some settings, (particularly patients with eGFRs > 60 mL/min/1.73
m? and children). This paper also discusses eGFR-related decision points for
clinical actions, the indications for nephrologist referral, the importance of
creatinine assay standardisation and the role of eGFR in drug dose decision-
making. In conclusion, automatic laboratory reporting of eGFR will enhance
early detection of CKD, allow the timely institution of appropriate reno- and
cardioprotective therapies, and better inform decisions regarding the pres-
cription of renally excreted medications.
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Kroni¢na bubrezna bolest postaje sve vise
javnozdravstveni problem koji se cesto ne
otkrije

Kroni¢na bubrezna bolest (CKD) je znatan globalni javnoz-
dravstveni problem. Na temelju studije Ausdiab (1) proc-
jenjuje se da ce jedna od sedam odraslih osoba oboljeti
od CKD, uklju¢ujudi i jednog od 10 pojedinaca s barem
umjerenim zatajenjem bubrega (definiranim kao brzina
glomerularne filtracije [GFR] < 60 mL/min/1,73 m?). O sli¢-
nim je podatcima takoder izvijeSteno u Sjevernoj Americi
(2) i Europi (3). Stovise, u 1% odraslih osoba svake ¢e se
godine razviti nova CKD. Tijekom proteklih 25 godina sta-
novnistvo je u svijetu raslo priblizno 1,5% godisnje, a broj
pojedinaca koji su lijeceni dijalizom i presadivanjem bub-
rega povecao se za vie od 8% godisnje (4). Cesto CKD ni-
je povezana sa znacajnim simptomima i ne prepoznaje se
u 80-90% slucajeva (1,5,6). Prisutnost te bolesti je vrlo jak
¢imbenik rizika za kardiovaskularnu bolest, toliki da oso-
be s CKD imaju 10 do 20 puta vedi rizik za smrt od srcane
bolesti nego kontrolni ispitanici iste dobi i spola bez CKD
(7,8). Tako, primjerice, 25-godiSnja Zena s uznapredova-
lom CKD ima priblizno isti rizik za smrt of kardiovaskular-
nog oboljenja kao i 75-godisnji muskarac bez bubrezne
bolesti (7). Nadalje, za bolesnike s CKD je barem 20 puta
vjerojatnije da ¢e umrijeti od kardiovaskularne bolesti ne-
go prezivjeti do toga da trebaju dijalizu ili presadivanje
bubrega. Rana identifikacija i obrada CKD je visoko ispla-
tiva i moze smanjiti rizik napredovanja kardiovaskularne
bolesti i zatajenja bubrega za 20-50% (9).

Nedavno je automatiziran laboratorijski nalaz procijenje-
nog GFR (engl. estimated GFR, eGFR) predlozen kao jed-
nostavna i ucinkovita strategija za poja¢ano otkrivanje
CKD, a time i lak3e i pravovremeno odredivanje terapija
za koje je dokazano da usporavajuili sprjec¢avaju napredo-
vanje zatajenja bubrega, za poboljsanje adekvatne proc-
jene i modifikacije kardiovaskularnog rizika, te osiguranje
informacija vezanih za propisivanje lijekova koji se izlucu-
ju bubregom (10). Ciljevi ovog ¢lanka su pregled snage i
slabosti te dostupnih dokaza o ulozi automatiziranih labo-
ratorijskih nalaza eGFR u otkrivanju CKD.

Procjena bubrezne funkcije: uloga
procijenjene brzine glomerularne filtracije

Najcedce primjenjivano mjerenje ukupne bubrezne fun-
kcije u klinickoj praksi je odredivanje koncentracije krea-
tinina u serumu. Na Zalost, na to mjerenje utjecu mnogi
¢imbenici osim razine bubrezne funkcije i ono znacajno
varira ovisno o dobi, spolu i mi$i¢noj masi. Stovise, posto-
je i znacajni kalibracijski problemi povezani s mjerenjem
kreatinina u serumu koji rezultiraju medulaboratorijskom
varijacijom do 20% (11). Za koncentraciju kreatinina u seru-
mu je poznato da je neosjetljiva za otkrivanje blagoga do
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Chronic kidney disease is an increasingly
common health problem that is often
undetected

Chronic kidney disease (CKD) is a major global public heal-
th problem. Based on data from the Ausdiab study (1), it is
estimated that one in every 7 adults will have CKD, inclu-
ding one in 10 individuals with at least moderate kidney
failure (defined as a glomerular filtration rate [GFR] < 60
mL/min/1.73m2). Similar findings have also been reported
in North America (2) and Europe (3). Moreover, 1% of adul-
ts each year will develop new-onset CKD. Over the last 25
years, while the world’s population has grown by approxi-
mately 1.5% per annum, the number of individuals being
treated with dialysis or kidney transplantation has increa-
sed more than 8% per annum (4). CKD is often not asso-
ciated with significant symptoms and is unrecognized in
80-90% of cases (1,5,6). Its presence is a very strong risk
factor for cardiovascular disease, such that individuals wi-
th CKD have up to a 10- to 20-fold greater risk of cardiac
death than age- and sex-matched controls without CKD
(7,8). For example, a 25 year old woman with advanced
CKD has approximately the same risk of cardiovascular
death as a 75 year old male without kidney disease (7).
Furthermore, patients with CKD are at least 20 times mo-
re likely to die from cardiovascular disease than survive
to the point of needing dialysis or kidney transplantation.
Early identification and management of CKD is highly co-
st-effective and can reduce the risk of kidney failure prog-
ression and cardiovascular disease by 20% - 50% (9).
Recently, automated laboratory reporting of estimated
GFR (eGFR) has been suggested as a simple, effective stra-
tegy for enhancing detection of CKD, thereby facilitating
the timely institution of therapies proven to slow or preve-
nt kidney failure progression, enhancing the appropriate
assessment and modification of cardiovascular risk, and
informing decisions regarding the prescription of drugs
excreted by the kidneys (10). The aims of this article are to
review the strengths, weaknesses and available evidence
for the role of automated laboratory reporting of eGFR in
CKD detection.

Assessment of kidney function: Role of
estimated glomerular filtration rate

The most commonly used measure of overall kidney
function in clinical practice is serum creatinine concen-
tration. Unfortunately, this measurement is affected by
many factors other than the level of kidney function and
varies markedly with age, gender and muscle mass. Mo-
reover, there are significant calibration issues associated
with the measurement of serum creatinine that lead to in-
ter-laboratory variation of up to 20% (11). Serum creatini-
ne concentration is notoriously insensitive for detecting
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umjerenog zatajenja bubrega, tako da kod bolesnika tre-
ba biti isklju¢eno 50% ili vise funkcije bubrega prije nego
sto vrijednost kreatinina bude vise od gornje granice nor-
malnih vrijednosti (12). Takva situacija, u kojoj “normalan”
kreatinin prikriva znacajno slabljenje bubrezne funkcije,
osobito je vazna kod starijih bolesnika kod kojih se slablje-
nje bubrezne funkcije povezano s dobi ne odrazava povi-
Senom koncentracijom kreatinina u serumu zbog istodob-
nog smanjenja misi¢ne mase.

Nekoliko je proteina u serumu s niskom molekularnom
teZinom, ukljucujuci B,-mikroglobulin, retinol-veZudi pro-
tein, te cistatin C, predlozeno prikladnim alternativnim bi-
ljezima endogene filtracije (13-15). Od navedenih je, s ob-
zirom na objavljenu literaturu, cistatin C privukao najvise
pozornosti i Cini se da je bolji biljeg od kreatinina u seru-
mu za otkrivanje smanjene bubrezne funkcije, posebice u
ranim stadijima (16). Medutim, prednost cistatina C u seru-
mu pred serumskim kreatininom za otkrivanje zatajenja
bubrega nije viSe ocigledna kada se mjerenja prilagode
ili stratificiraju prema dobi, spolu i tezini. Povrh toga, na
koncentracije cistatina u serumu znatno utjece nekoliko
¢imbenika uz GFR, uklju¢ujuci dob, spol, tjelesnu veli¢inu,
trenutno pusenje cigareta, koncentraciju C-reaktivnog
proteina u serumu, lijecenje kortikosteroidima, ciklospo-
rin A, tiroidnu disfunkciju, fizicku aktivnost, odredene ma-
ligne bolesti, te trudnocu. Postoji takoder znacajna zabri-
nutost koja se odnosi na isplativost odredivanja cistatina
C u serumu radi otkrivanja CKD.

Mjerenje GFR je Siroko prihva¢eno kao najbolji ukupni
pokazatelj bubrezne funkcije (17,18). Najces¢a metoda
za procjenu GFR u proslosti bilo je provodenje pravovre-
menog prikupljanja mokrace radi odredivanja klirensa
kreatinina. Ta je pretraga, medutim, neprikladna i ¢esto
netoc¢na kao rezultat neadekvatnog prikupljanja te precje-
njivanja GFR zbog tubularnog lu¢enja kreatinina u bubre-
gu (18). Opcenito je za mjerenja klirensa kreatinina zaista
pokazano da pruzaju manje pouzdane procjene GFR od
jednadzbi za predvidanje GFR (19). Uobicajeno koristeni
egzogeni biljezi filtracije (iotalamat, DTPA, EDTA, iohek-
sol) predstavljaju prihvatljive alternativne mjere brzine
glomerularne filtracije (GFR), premda trosak te intenzivan
rad vezan za te biljege ograni¢ava njihovu klinicku iskoris-
tivost kao pomagala u probiranju na CKD.

Odnedavno se istic¢e izraCun procijenjenog GFR (eGFR)
uz primjenu empirijske matematicke formule kao jednos-
tavan, brz i pouzdan nacin procjene bubrezne funkcije
(6,20-22). U vedini slu¢ajeva eGFR je barem jednako tocan
kao i odredivanje klirensa kreatinina (17). Trenutno postoji
ne manje od 47 razlicitih jednadzbi za predvidanje eGFR,
iako su dvije najcesce koristene jednadzbe Cockroft-Gaul-
tova (23) te skracena formula MDRD (engl. Modification of
Diet in Renal Disease, MDRD) (20) (Tablica 1).
Cockroft-Gaultova formula je izvorno dobivena na 249
uzastopno hospitaliziranih bolesnika (96% muskih, ras-
pon dobi 18-92 godine) u Queen Mary Veterans’ Hospital
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mild-to-moderate kidney failure, such that patients mu-
st lose 50% or more of their kidney function before the
serum creatinine value rises above the upper limit of nor-
mal (12). This situation of a “normal” creatinine masking a
significant decline in kidney function is especially impor-
tant in elderly patients, in whom the age-related decline
in kidney function is not reflected by an increase in serum
creatinine level because of a concomitant decrease in
muscle mass.

A number of low molecular weight serum proteins, in-
cluding B,-microglobulin, retinol-binding protein and
cystatin C, have been proposed as suitable alternative
endogenous filtration markers (13-15). Of these, cystatin
C has received the most interest in the published litera-
ture and appears to be superior to serum creatinine for
detecting reduced kidney function, particularly in the ear-
ly stages (16). However, the advantage of serum cystatin
C compared with serum creatinine for the detection of
kidney failure is no longer apparent when measuremen-
ts are adjusted or stratified for age, gender and weight.
Moreover, serum cystatin concentrations are significantly
influenced by a number of factors other than GFR, inclu-
ding age, gender, body size, current cigarette smoking,
serum C-reactive protein levels, corticosteroid treatment,
cyclosporine A, thyroid dysfunction, physical activity, cer-
tain malignancies and pregnancy. There are also significa-
nt concerns pertaining to the cost-effectiveness of serum
cystatin C for CKD detection.

Measuring GFR is widely accepted as the best overall in-
dex of kidney function (17,18). The most common method
for assessing GFR in the past was performing a timed uri-
ne collection for evaluation of creatinine clearance. Howe-
ver, this test was inconvenient and frequently inaccurate
as a result of improper collection and overestimation of
GFR due to kidney tubular secretion of creatinine (18). In-
deed, creatinine clearance measurements have general-
ly been shown to provide less reliable estimates of GFR
than GFR prediction equations (19). Commonly used exo-
genous filtration markers (iothalamate, DTPA, EDTA, io-
hexol) provide acceptable alternative measures of glome-
rular filtration rate (GFR), although their cost and labour-
intensiveness limit their clinical utility as a screening tool
for CKD.

More recently, calculation of estimated GFR (eGFR) using
an empirical mathematical formula has been encouraged
as a simple, rapid and reliable means of assessing kidney
function (6,20-22). In most cases, eGFR is at least as accu-
rate as measuring creatinine clearance (17). There are no
fewer than 47 different prediction equations currently
available, although the 2 most common in use are the
Cockcroft-Gault (23) and the abbreviated Modification of
Diet in Renal Disease (MDRD) formulae (20) (Table 1).

The Cockcroft-Gault formula was originally derived in
249 consecutive hospitalised patients (96% male, age ran-
ge 18-92 years) at the Queen Mary Veterans’ Hospital in
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TaBLIcA 1. JednadZbe za procijenjenu brzinu glomerularne
filtracije (eGFR) u odraslih osoba na temelju koncentracije krea-
tinina u serumu*.

Automated laboratory reporting of estimated glomerular filtration rate

TasLe 1. Equations for estimated glomerular filtration rate
(eGFR) in adults based on serum creatinine concentration®.

Cockcroft-Gault equation

CrCl(mL/min) = (140 - age) x weight x 1.228 +S_ x (0.85 if female)

Abbreviated MDRD equation

GFR (mL/min/1.73 m?) = 186 x (S, + 88.4)""**x (age) *** x (0.742 if female) x (1.212 if Afro-American)

Re-rexpressed Abbreviated MDRD equation (for use with a standardised serum creatinine assay)
GFR (mL/min/1.73 m?) = 175 x (Standardised S_ + 88.4)"">*x (age) ***x (0.742 if female) x (1.212 if Afro-American)

SCr = serum creatinine concentration

* For each equation, SCr is in pmol/L, age is in years and weight is in kilograms.
eGFR derived by the Cockcroft-Gault formula should subsequently be corrected for body surface area (multiply by 1.73 then divi-

de by calculated body surface area).

u Kanadi na temelju srednjih vrijednosti dva 24-satna kli-
rensa kreatinina (23). Koncentracije kreatinina u serumu
bile su odredene Jafféovom reakcijom na autoanalizatoru
(N-11B, Technicon Instruments Corp, NY). Dobivena je for-
mula zatim koristena za predvidanje klirensa kreatinina u
drugoj validacijskoj kohorti koja se sastojala od 236 boles-
nika (206 muskaraca, srednja vrijednost klirensa kreatini-
na 72,7 + 36,6 mL/min). Prednosti Cockroft-Gaultove jed-
nadzbe su da je Siroko poznata, lak3a za pamcenje i opsez-
nije validirana nego formula MDRD. lako je jednadzZba raz-
vijena na hospitaliziranoj bjelackoj muskoj populaciji, od
kojih mnogi nisu imali CKD, kasnije je opsezno validirana
i utvrdeno je da pokazuje zadovoljavajucu preciznost i ne-
tocnost (engl. bias) u razli¢itim populacijama ukljucujudi
zene i razli¢ite etnicke skupine, te kroz Sirok raspon GFR.
Glavni nedostatci Cockroft-Gaultove formule su zahtjev
za mjerenjem tezine i visine (visina se trazi radi ispravka
izracuna povrsine tijela), procjena klirensa kreatinina, a ne
GFR, te nemogucnost da se klinicke laboratorijske anali-
ze kreatinina kalibriraju prema laboratoriju koji je proveo
analize na uzorcima koristenima za dobivanje Cockroft-
Gaultove jednadzbe.

Nasuprot tome, jednadzba MDRD je razvijena na 1628 bo-
lesnika s CKD uvrstenih u osnovno razdoblje studije Modi-
fikacije prehrane u bubreznoj bolesti (engl. Modification
of Diet in Renal Disease, MDRD), od kojih je 1070 odabra-
no nasumce kao izvedeni uzorak, a preostalih 558 boles-
nika ¢inilo je uzorak za validaciju (20). Primjenom analize
visestruke regresije pocetno je razvijena jednadzba sa 6
varijabli koja je ukljucivala varijable kreatinina u serumu,
dobi, spola, etni¢ke pripradnosti (Afroamerikanci ili dr.),
te ureju i albumin u serumu. Jednadzba je validirana pre-
ma GFR ispravljenom za povrsinu tijela (engl. body surfa-
ce area, BSA) tako da je, za razliku od Cockroft-Gaultove
formule, predvideni GFR izrazen kao mL/min/1,73 m? i ne
iziskuje naknadnu normalizaciju BSA. Kasnije je radi po-

Canada, based on the means of two 24-hour creatinine
clearances (23). Serum creatinine concentrations were de-
termined by Jaffé reaction using an autoanalyzer (N-11B,
Technicon Instruments Corp, NY). The derived formula
was then used to predict creatinine clearance in a second
validation cohort consisting of 236 patients (206 males,
mean creatinine clearance 72.7 + 36.6 mL/min). The Coc-
kcroft-Gault equation has the advantages of being more
widely known, easier to remember and more extensive-
ly validated than the MDRD formula. Although the equa-
tion was developed in hospitalised, white men, many of
whom did not have CKD, it has subsequently been exten-
sively validated and found to exhibit satisfactory preci-
sion and bias in diverse populations including women
and various ethnic groups, and across a broad range of
GFRs. The principal disadvantages of the Cockcroft-Gault
formula are the requirement to measure weight and heig-
ht (the latter is required for the purposes of body surface
area correction), its estimation of creatinine clearance rat-
her than GFR, and the inability of clinical laboratory creati-
nine assays to be calibrated to the laboratory that perfor-
med the assays on samples used to derive the Cockcroft-
Gault equation.

In contrast, the MDRD equation was developed in 1628
CKD patients enrolled in the baseline period of the Modi-
fication of Diet in Renal Disease (MDRD) study, of whom
1070 were randomly selected as the derivation sample
and the remaining 558 patients constituted the valida-
tion sample (20). Using multiple regression analysis, a 6-
variable equation was initially developed, which included
the variables of serum creatinine, age, gender, ethnicity
(African-American or other), serum urea and serum albu-
min. The equation was validated against GFR corrected
for body surface area (BSA) and so, unlike the Cockcro-
ft-Gault formula, the predicted GFR is expressed as mL/
min/1.73 m?and does not require subsequent BSA norma-
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jednostavljenja klinicke uporabe predlozena razmjerno
toc¢na jednadzba MDRD s 4 varijable koja ukljucivala krea-
tinin u serumu, dob, spol i etni¢ku pripadnost (24). Ta je
jednadzba ponovno izraZzena 2005. godine za primjenu u
standardiziranoj analizi kreatinina u serumu koja daje 5%
nize vrijednosti koncentracije serumskog kreatinina (25).
Prednosti formule MDRD su u tome 3$to ne trazi poznava-
nje bolesnikove tezine (3to je ¢ini daleko pogodnijom za
automatizirane laboratorijske nalaze), ne treba ispravke za
povrsinu tijela (pa stoga ne iziskuje podatke o bolesniko-
voj visini), te je za nju opcenito dokazano da je preciznija
i toc¢nija od Cockroft-Gaultove jednadzbe kad je GFR nizi
od 60 mL/min/1,73 m? (validirano u preko 10.000 ispitani-
ka) (pregled u 20). Medutim, obje jednadzbe za predvida-
nje GFR, tj. i MDRD i Cockroft-Gaultova, daju lose rezultate
kod bolesnika s normalnom i gotovo normalnom bubrez-
nom funkcijom, ukljucujudi i zdrave darovatelje bubrega
(26-28) te dijabeticare u ranom stadiju bolesti (29,30).

Medunarodne smjernice za automatizirane
laboratorijske nalaze eGFR

Smijernice Inicijative za kvalitetu ishoda bubreznih bolesti
i dijalize (engl. Kidney and Dialysis Outcomes Quality Initia-
tive, K/DOQI) Nacionalne fondacije za bubreg u Sjevernoj
Americi preporucuju da je sama koncentracija kreatini-
na u serumu suboptimalna za procjenu razine bubrezne
funkcije te da bi laboratoriji trebali istodobno izvjestava-
ti i 0 eGFR odredenome pomocu jednadzbe za predvida-
nje kao $to je formula MDRD (17). | druge su organizacije
sastavile slicne preporuke, ukljucujuci Britansku renalnu
udrugu (31) te smjernice za Globalno poboljsanje ishoda
bubreznih bolesti (engl. Kidney Disease Improving Global
Outcomes, KDIGO) (32). Te se preporuke temelje na zapa-
zanjima da laboratorijski nalazi eGFR znacajno povecava-
ju otkrivanje CKD (21) te da pravodobna intervencija mo-
ze smanijiti rizik progresivnog zatajenja bubrega i kardio-
vaskularne bolesti u bolesnika s CKD (9).

U kolovozu 2005. godine australoazijska Radna skupina
za eGFR, u kojoj su okupljeni predstavnici Australoazijske
udruge klini¢kih biokemicara (engl. Australoasian Associa-
tion of Clinical Biochemists, AACB), Australskog i novoze-
landskog nefroloskog drustva (engl. Australian and New
Zealand Society of Nephrology, ANZSN), Australske udruge
za zdravlje bubrega (engl. Kidney Health Australia, KHA), te
Kraljevskog australoazijskog zbora patologa (engl. Royal
Australoasian College of Pathologists, RCPA) jednoglasno
je prihvatila i objavila preporuke prema kojima laborato-
riji trebaju izracunati i izvjeStavati o eGFR primjenom for-
mule MDRD uz svaki zahtjev za koncentracijom kreatini-
na u serumu (33):

« eGFR se automatski izracunava prema skracenoj for-
muli MDRD za svaki zahtjev za odredivanje koncen-
tracije kreatinina u serumu u osoba starijih od 18 go-
dina;
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lisation. Subsequently, a comparably accurate 4-variable
MDRD equation consisting of serum creatinine, age,
gender and ethnicity was proposed to simplify clinical
use (24). The equation was re-expressed in 2005 for use
with a standardised serum creatinine assay, which yields
5% lower values for serum creatinine concentration (25).
The advantages of the MDRD formula are that it does not
require knowledge of the patient’s weight (making it far
more suitable for automated laboratory reporting), does
not need correction for body surface area (and therefore
does not require knowledge of the patient’s height) and
has been generally shown to be more precise and accura-
te than the Cockcroft-Gault equation when the GFR is be-
low 60 mL/min/1.73 m? (validated in over 10,000 subjec-
ts) (reviewed in (22)). Both the MDRD and Cockcroft-Gault
prediction formulae perform poorly in patients with nor-
mal or near-normal renal function, including healthy kid-
ney donors (26-28) and early diabetics (29-30).

International guidelines for automated
laboratory reporting of eGFR

In North America, the National Kidney Foundation Kidney
and Dialysis Outcomes Quiality Initiative (K/DOQI) guideli-
nes have recommended that serum creatinine concentra-
tion alone is sub-optimal for assessing the level of kidney
function and that pathology laboratories should concomi-
tantly report eGFR, as determined by a prediction equa-
tion, such as the MDRD formula (17). Similar recommenda-
tions have been made by other organizations, including
the British Renal Association (31) and the Kidney Disease
Improving Global Outcomes (KDIGO) guidelines (32). The-
serecommendations are based on observations that labo-
ratory reporting of eGFR significantly enhances CKD de-
tection (21) and that timely intervention can reduce the
risk of progressive kidney failure and cardiovascular disea-
se in CKD patients (9).

In August 2005, an Australasian eGFR Working Group con-
vened by representatives of the Australasian Association
of Clinical Biochemists (AACB), Australian and New Zeala-
nd Society of Nephrology (ANZSN), Kidney Health Austra-
lia (KHA) and Royal Australasian College of Pathologists
(RCPA) unanimously endorsed and published recommen-
dations that laboratories calculate and report an eGFR usi-
ng the MDRD formula with every request for serum creati-
nine concentration (33):

« An eGFR using the abbreviated MDRD formula shall
be automatically calculated for every request for serum
creatinine concentration in individuals aged > 18 years.

« GFRvalues that calculate to be in excess of 60 mL/min/
1.73m2 should be reported as “>60mL/min/1.73m2"
and not as a precise figure.

« Automatic reporting of eGFR may include age-related
reference intervals for individuals aged > 65 years.
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« O vrijednostima GFR koje su prema izracunu vise
od 60 mL/min/1,73 m? treba izvijestiti u obliku “>
60mL/min/1.73 m?’, a ne to¢nom znamenkom.

« Automatski nalaz eGFR moze ukljucivati dobne
referentne intervale za osobe starije od 65 godina.

« Provodenje automatskog izdavanja nalaza eGFR
iziskuje pravovremeni edukacijski program kojime
se osigurava dostupnost informacija zdravstvenim
stru¢njacima radi pomoci u tumacenju vrijednosti
eGFR.

Stoga svi australski i novozelandski laboratoriji za patolo-
giju danas automatski izdaju nalaze eGFR za svaku odraslu
osobu sa zahtjevom za odredivanje kreatinina u serumu.

Vaznost standardizacije analiza kreatinina

Nepostojanje kalibracije analiza kreatinina u serumu mo-
ze predstavljati izvor znacajne pogreske u procjeni GFR
pomocu empirijske formule. Kalibracija mjerenja kreatini-
na u serumu nije standardizirana, sto dovodi do znatnih
varijacija unutar i izmedu laboratorija. Od 11 uobicajenih
biokemijskih pretraga koje se vrednuju u 700 laboratorija
Americkog zbora patologa (engl. College of American Pat-
hologists), razlike u kalibraciji analiza kreatinina u serumu
(priblizno 18 umol/L medu laboratorijima) uzrokovale su
85% razlika izmedu laboratorija i bile su vece nego za bilo
koji drugi od ostalih 10 ispitanih analita (34). Koncentraci-
ja kreatinina u serumu bila je previsoko procijenjena za
prosje¢nih 13,3% u usporedbi s referentnom metodom.
Cini se da je neto¢nost kod kalibracije bilo osobito vazna
kod nizih koncentracija kreatinina u serumu. Sli¢ni su re-
zultati utvrdeni i medu 102 laboratorija koji su sudjelova-
li u Nordijskom projektu o referentnim intervalima (engl.
Nordic Reference Interval Project, NORIP) (35). Jo$ skorije
vrednovanje sudionika u Kemijskom pregledu Americ¢ko-
ga zbora patologa pokazalo je da je srednja vrijednost
netoc¢nosti za instrumentalnu metodu u ravnopravnim
skupinama varirala od -0,06 do 0,31 mg/dL (-5,3 do 27,4
pmol/L), uz znacajnu netoc¢nost (P < 0,001) u 30 (60%) od
50 skupina (36). Promjenljivost netocnosti bila je poveza-
na prije s proizvodacem instrumenta nego vrstom meto-
de, uz znacajnu netocnost kod 24 (63%) od 38 metoda s
alkalnom pikri¢cnom kiselinom te kod 6 (50%) od 12 enzim-
skih metoda.

Murthy i sur. (37) nedavno su izra¢unali pogreske u procje-
nama GFR na temelju raspona razlika u kalibraciji u pregle-
du Americkog zbora patologa iz 1994. godina koristenjem
eGFR prema MDRD. Nije bilo iznenadujuce da su pogreske
bile vece kod vise razine eGFR (i nizih koncentracija krea-
tinina u serumu) te postale klini¢ki vazne kod vrijednosti
eGFR od 60 mL/min/1,73 m?; u toj je tocci 95%-tni inter-
val pouzdanosti za srednju vrijednost kalibracijske razlike
bio povezan s maksimalnim rasponom pogresaka u proc-
jenama GFR, tj. od +4,6 do -18,1 mL/min/1,73 m? (+7,6 do
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« The implementation of automatic eGFR reporting will
require a timely educational program that ensures in-
formation is available to health professionals to aid in
interpretation of eGFR values.

All Australian and New Zealand pathology laboratories
now automatically report eGFR in any adult with a reque-
st for serum creatinine determination.

Importance of standardisation of creatinine
assays

Lack of calibration of serum creatinine assays can represe-
nt a source of significant error in the estimation of GFR by
empiric formulae. Calibration of serum creatinine measu-
rements is not standardised, thereby leading to substan-
tial variation within and between laboratories. Of 11 com-
mon biochemical tests evaluated across 700 laboratories
by the College of American Pathologists, differences in
calibration of serum creatinine assays (approximately 18
pmol/L between labs) accounted for 85% of the differen-
ce between laboratories and were greater than for any
of the other 10 analytes examined (34). Serum creatinine
concentration was over-estimated by an average of 13.3%
compared with a reference method. Calibration biases ap-
pear to be particularly important at lower serum creatini-
ne levels. Similar results were found among the 102 labo-
ratories participating in the Nordic Reference Interval Pro-
ject (NORIP) (35). A more recent evaluation of participants
in the College of American Pathologists Chemistry Survey
demonstrated that the mean bias for 50 instrument-met-
hod peer groups varied from -0.06 to 0.31 mg/dL (-5.3 to
27.4 umol/L), with 30 (60%) of 50 peer groups having signi-
ficant bias (P < 0.001) (36). The bias variability was related
to instrument manufacturer rather than method type, wi-
th 24 (63%) of 38 alkaline picric acid methods and with 6
(50%) of 12 enzymatic methods having significant biases.
Murthy et al (37) recently computed errors in GFR estima-
tes based on the range of calibration differences from
the 1994 College of American Pathologists survey using
MDRD eGFR. Not surprisingly, errors were higher at hig-
her level of eGFR (and lower levels of serum creatinine)
and became clinically important at an eGFR value of 60
mL/min/1.73 m?, at which point the 95% confidence inter-
val for the mean calibration difference was associated wi-
th a maximal range of error in GFR estimates from +4.6 to
-18.1 mL/min/1.73 m? (+7.6 to -30.2%). Based on these re-
sults, the K/DOQI (32) and Australasian (33) guidelines bo-
th recommend that clinical laboratories report a specific
value for GFR estimates only when the estimated GFR is
less than 60 mL/min/1.73m? and as “>60 mL/min/1.73m>?"
for higher values. The National Kidney Disease Education
Program (NKDEP) has launched the Creatinine Standar-
dization Program to address inter-laboratory variation
in creatinine assay calibration and provide more accura-
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-30,2%). Na temelju tih rezultata australoazijske smjernice
(33) te smjernice K/DOQI (32) preporucuju da klini¢ki labo-
ratoriji izdaju nalaz sa specifitnom vrijednos¢u procjena
GFR samo kad je procijenjeni GFR nizi od 60 mL/min/1,73
m?, te u obliku “= 60 mL/min/1,73 m?” kod visih vrijednos-
ti. Nacionalni program edukacije o bubreznim bolestima
(engl. National Kidney Disease Education Program, NKDEP)
je pokrenuo Program standardizacije kreatinina kako bi
se rijesila medulaboratorijska varijacija u kalibraciji analize
kreatinina i pruzile toc¢nije procjene GFR. Sli¢an se proces
vec¢ odvija u Australoaziji gdje je vecina analiza kreatinina
opcenito uskladena s masenom spektrometrijom s razrje-
denjem izotopa (engl. isotope dilution mass spectrometry,
IDMS). Zbog toga je australoazijska Radna skupina za eG-
FR preporucila uporabu ponovno izraZzene (“175") formule
MDRD za automatizirano laboratorijsko izdavanje nalaza.
Radna skupina za standardizaciju procjene brzine glome-
rularne filtracije Medunarodnog saveza za klinicku kemiju
i laboratorijsku medicinu (engl. International Federation of
Clinical Chemistry and Laboratory Medicine Working Group
on Standardisation of Glomerular Filtration Rate Assessme-
nt, IFCCWG-GFRA) trenuta¢no razmatra prijedloge za os-
nivanje referentne laboratorijske mreze za kreatinin kako
bi pomogla proizvodacima kod validacije sljedivosti njiho-
vih metoda, te uvela smjernice za globalnu procjenu eG-
FR primjenom revidirane skra¢ene jednadzbe MDRD.

Ogranicenja automatiziranih nalaza eGFR

Postoji nekoliko ograni¢enja vezanih za eGFR:
+ brze promjene bubrezne funkcije (npr. akutno zata-
jenje bubrega);
« bolesnici ovisni o dijalizi;
« izuzetni unos prehranom (npr. vegetarijanska preh-
rana, visokoproteinska dijeta, nadopune kreatina);
« ekstremne tjelesne velicine;
+ bolesti skeletnih misi¢a, paraplegija, osobe s veli-
kom misi¢cnom masom i osobe s amputacijama;
« teSka bolest jetre;
« djeca (mlada od 18 godina);
« vrijednosti eGFR iznad 60 mL/min/1,73 m?;
« Aboridzini i narod s Torres Strait otoka;
« Azijske populacije (ukljucujuci Japance, Kineze i Vi-
jetnamce);
« Maori i narodi oto¢ja u Tihom oceanu.
Ta ogranicenja uklju¢uju pogreske koje se odnose na mje-
renje kreatinina u serumu, kao $to su nasumicne pogres-
ke, kratkotrajne varijacije bubrezne funkcije, varijacije u
tubularnom lu¢enju kreatinina, varijacije u izvanbubrez-
nom (u crijevu) izluc¢ivanju kreatinina, te varijacije u stvara-
nju kreatinina u misi¢u ili unosom kroz prehranu. Stovise,
formule za predvidanje eGFR slabo su validirane za djecu
(38) tako da se njihova uporaba trenuta¢no preporucuje
samo kod odraslih (= 18 godina). Nakon dobi od 30 godi-
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te estimates of GFR. A similar process has already taken
place in Australasia, such that most creatinine assays are
generally aligned with isotope-dilution mass spectromet-
ry (IDMS). Consequently, the Australasian eGFR Working
Group has recommended using the re-expressed (“175")
MDRD formula for automated laboratory reporting. The
International Federation of Clinical Chemistry and Labora-
tory Medicine Working Group on Standardisation of Glo-
merular Filtration Rate Assessment (IFCC:WG-GFRA) is cur-
rently considering proposals to establish a reference labo-
ratory network for creatinine to assist manufacturers in
validating traceability of their methods and to introduce
guidelines for global introduction of eGFR applying the
revised abbreviated MDRD equation.

Limitations of automated eGFR reports

There are a number of limitations associated with eG-

FR:

- rapidly changing kidney function (eg acute kidney fai-
lure);

- dialysis-dependent patients;

- exceptional dietary intake (eg vegetarian diet, high
protein diet, creatine supplements);

. extremes of body size;

« diseases of skeletal muscle, paraplegia, those with hi-
gh muscle mass and amputees;

. severe liver disease;

« children (under 18 years);

- eGFR values above 60 mL/min/1.73 m?

« Aboriginal and Torres Strait Islander peoples;

« Asian populations (including Japanese, Chinese and
Vietnamese);

« Maori and Pacific Islander peoples.

These limitations include errors related to serum creatini-
ne measurement, such as random errors, short-term varia-
tions in renal function, variations in tubular creatinine sec-
retion, variations in extra-renal (gut) creatinine excretion
and variations in creatinine generation by muscle or die-
tary intake. Moreover, prediction formulae for eGFR have
been poorly validated in children (38) and so their use is
currently only recommended in adults (> 18 years). After
the age of 30 years, GFR progressively declines at an ave-
rage rate of 8 mL/min per decade (39). Based on North
American data (39), it is estimated that 25% of the popula-
tion over the age of 70 years will have an eGFR below 60
mL/min/1.73 m2. While most studies show that GFR dec-
lines with age, accepting this as normal runs the risk of
“normalising” a pathological state caused by age-related
diseases rather than age itself. A fall in GFR is not an ine-
vitable consequence of ageing with the Baltimore Longi-
tudinal Study on Ageing showing that the decline in GFR
with age was largely accountable for by hypertension
(40). Moreover, a reduced GFR remains a strong predictor
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na, GFR progresivno opada u prosjeku 8 mL/min po de-
setljecu (39). Na temelju sjevernoamerickih podataka (39),
procjenjuje se da 25% populacije starije od 70 godina ima
eGFRispod 60 mL/min/1,73 m2. Dok vecina studija ukazu-
je da GFR opada s dobi, prihvacanjem da je to normalno
postoji opasnost da se “normaliziraju” patoloska stanja uz-
rokovana bolestima povezanima s dobi, a ne samom sta-
ro$¢u. Pad vrijednosti GFR nije neizbjezna posljedica stare-
nja, a Baltimorska uzduzna studija starenja je pokazala da
je smanjenje vrijednosti GFR s dobi bilo uvelike prouzro-
¢eno hipertenzijom (40). Stovise, snizeni GFR ostaje jakim
pretkazateljem kardiovaskularne smrtnosti te smrtnosti
od razlic¢itih uzroka ¢ak i u starijoj populaciji (41-43). Zaista
se Cini da je ucinak snizenog GFR uvelike neovisan o do-
bi, iako je jedna opsezna studija smrtnosti pokazala slabi-
ju povezanost smrtnosti u starijih osoba nego u mladim
skupinama (44). Australoazijska Radna skupina za eGFR je
predlozila da automatizirano laboratorijsko izdavanje na-
laza eGFR moze ukljucivati referentne intervale povezane
s dobi za pojedince starije od 65 godina. Medutim, defini-
cija CKD nije modificirana prema dobi i takav je scenarij
zapravo slican onome za hipertenziju. Naime, iako vrijed-
nosti krvnoga tlaka rastu s dobi i prevalencija im je velika
u starijih osoba u razvijenom svijetu, prag za dijagnozu
hipertenzije na temelju vrijednosti krvnog tlaka nije pro-
mijenjen za starije osobe jer je hipertenzija u toj starosnoj
skupini snazno povezana s nepovoljnim ishodima. Sli¢no
tome, jako sniZene vrijednosti eGFR u starijih bolesnika
ispod 60 mL/min/1,73 m? treba smatrati znacajnima. Aus-
traloazijska Radna skupina za eGFR nedavno je ponovno
razmatrala to pitanje u prosincu 2006. godine i zakljucila
da je za sada prerano preporuciti dobno definirane tocke
za odlucivanje o eGFR no da je lije¢nike primjereno sav-
jetovati da se u osoba starih 70 godina i starijih eGFR od
45 do 59 mL/min/1,73 m? - ako je postojan dulje vrijeme i
nije pra¢en drugim dokazima ostecenja bubrega, - moze
protumaciti kao tipi¢an eGFR za tu dob te da nije vjerojat-
no da je povezan s komplikacijama CKD. Vazno je da se
ovo cesto utvrdeno umjereno snizenje eGFR kod starijih
osoba treba uvijek razmatrati kad se donose odluke o do-
zama lijekova koji se izlu¢uju bubregom.

Osim krajnjih vrijednosti dobi, postoji nekoliko drugih kli-
nickih situacija kod kojih se izdani rezultati eGFR trebaju
tumaciti s oprezom bilo zbog pomanjkanja odgovaraju-
e validacije ili dokazanog nedostatka preciznosti ili to¢-
nosti (npr. kod vrijednosti eGFR iznad 60 ml/min/1,73 m?).
Smjernice CARI (19) trenutac¢no preporucuju da bi se izrav-
no mjerenje GFR (npr. klirensom kreatinina ili jednom od
referentnih metoda za GFR) moglo zatraziti u situacijama
u kojima bi eGFR mogao biti nepouzdan, ili u kojima se
zahtijeva visok stupanj to¢nosti procjene GFR (kao sto je
slucaj prije doziranja lijekova koji se izlu¢uju bubregom, a
koji su visoko toksicni, ili kod vrednovanja bubrezne fun-
kcije u potencijalnih Zivih darovatelja bubrega).
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of all-cause and cardiovascular mortality, even in elderly
populations (41-43). Indeed, the impact of reduced GFR
appears largely independent of age, although one large
mortality study has demonstrated a weaker association of
mortality in the elderly than in the younger groups (44).
The Australasian eGFR Working Group has suggested that
automatic laboratory reporting of eGFR may include age-
related reference intervals for individuals aged > 65 years.
However, the definition of CKD is not modified according
to age. This scenario is analogous to that for hyperten-
sion. Even though blood pressure levels rise with age and
are highly prevalent in the elderly in the developed wor-
Id, the threshold for diagnosing hypertension based on
blood pressure level is not altered in older individuals be-
cause hypertension in this age group is still strongly asso-
ciated with adverse outcomes. Similarly, severely reduced
eGFR values in elderly patients below 60 mL/min/1.73 m?
should be considered significant. The Australasian eGFR
Working Group recently revisited this issue in December
2006 and concluded that at this time it was premature
to recommend age-related decision points for eGFR but
that it was appropriate to advise practitioners that, in
those of 70 years and older, an eGFR from 45 to 59 mL/
min/1.73m?, when stable over time and unaccompanied
by other evidence of kidney damage, may be interpreted
as consistent with a typical eGFR for this age and unlike-
ly to be associated with CKD complications. Importantly,
this commonly found moderate reduction in eGFR in the
elderly should always be considered when drug dosing
decisions are being made about renally excreted drugs.
In addition to extremes of age, there are a number of ot-
her clinical situations where reported eGFR results should
be interpreted with caution due either to lack of approp-
riate validation or to demonstrated lack of precision or ac-
curacy (eg with eGFR values above 60 mL/min/1.73 m?).
The CARI Guidelines (19) currently recommend that direct
measurement of GFR (e.g. by creatinine clearance or one
of the GFR reference methods) may be required in situa-
tions in which eGFR may be unreliable or in which a high
degree of accuracy in GFR estimation is required (such as
prior dosing with renally-excreted medications that have
high toxicity or evaluation of renal function in potential
live kidney donors).

Interpretation of eGFR values on pathology
reports

The normal GFR in young adults is around 120 mL/
min/1.73 m2. eGFR values below 60 mL/min/1.73 m? are
abnormal and generally indicate the presence of CKD if
present for more than 3 months. In individuals with an eG-
FR value > 60 mL/min/1.73 m?, CKD considered to be pre-
sent if there is concomitant evidence of kidney damage
(including microalbuminuria, macroalbuminuria, persiste-
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Tumacenje vrijednosti eGFR u patoloskim
nalazima

Normalan GFR u mladih odraslih osoba je oko 120 mL/
min/1,73 m?2. Vrijednosti eGFR ispod 60 mL/min/1,73 m?
su patoloske i opcenito ukazuju na prisutnost CKD ako se
nalaze tijekom vise od 3 mjeseca. U osoba s vrijednoscu
eGFR > 60 mL/min/1,73 m? smatra se da je CKD prisutna
ako istovremeno postoje dokazi bubreznog ostecéenja (uk-
ljuCuju¢i mikroalbuminuriju, makroalbuminuriju, tvrdo-
kornu glomerularnu hematuriju ili radioloske abnormal-
nosti bubrega). Smjernice K/DOQI i CARI podijelile su CKD

u pet razli¢itih stadija na temelju vrijednosti GFR (17,45); ti

su stadiji navedeni u tablici 2 zajedno s planom klinickog

djelovanja utemeljenom na vrijednosti eGFR.

Bolesnici sa znacajnim snizenjem eGFR (<60 mL/min/1,73

m?) imaju znatno poviseni rizik kardiovaskularne bolesti

i napredovanja bubreznog zatajenja. Takve bi bolesnike

trebalo minimalno ispitati primjenom omjera proteina i

kreatinina u mokraci, mjerenjem krvnoga tlaka, te ultraz-

vukom bubrega. Glavni ciljevi obrade CKD su:

a) smanjenje kardiovaskularnog i bubreznog rizika
(promjena nacina Zivljenja, antiproteinurijski agensi,
kontrola krvnoga tlaka te kolesterola, glikemijska kon-
trola, smanjenje tjelesne teZine, prestanak pusenja, rje-
$avanje djelomi¢ne anemije);

TaBLIcA 2. Klasifikacija stadija CKD
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nt glomerular haematuria or radiological renal abnormali-
ties). The K/DOQI and CARI guidelines have classified five
different stages of CKD based on the level of GFR (17,45).
These are listed in Table 2, together with a clinical action
plan based on eGFR level.
Patients with a significant reduction in eGFR (<60 mL/
min/1.73 m?) are at significantly increased risk of cardio-
vascular disease and renal failure progression. At a mini-
mum, such patients should be investigated with an urina-
ry protein:creatinine ratio, blood pressure measurement
and renal ultrasongraphy. The principal goals of CKD ma-
nagement are:

a) reduction of cardiovascular and renal risk (lifestyle
modification, antiproteinuric agents, blood pressure
control, cholesterol control, glycaemic control, weight
reduction, smoking cessation, partial anaemia correc-
tion);

b) early detection and management of CKD complicatio-
ns (such as hypertension, secondary hyperparathyroi-
dism, renal osteodystrophy, anaemia, sleep apnoea,
restless legs, cardiovascular disease, and malnutri-
tion);

¢) avoidance of nephrotoxic medications and evaluation
of prescribed medications to ensure that dosages are
appropriate for the level of kidney function; and,

TaBLE 2. Classification of CKD stage

CKD
Stage

GFR (mL/
min)

Comments

1 =290

Diagnosis requires evidence of kidney damage (eg scarring on renal ultrasound, proteinuria, etc)

2 60 -89

Diagnosis requires evidence of kidney damage (eg scarring on renal ultrasound, proteinuria, etc)

Moderate kidney failure

Treat kidney and cardiac risk factors (esp. blood pressure, cholesterol, blood sugar, smoking, obesity)

Antiproteinuric drugs (angiotensin converting enzyme inhibitors &/or angiotensin receptor blockers)

if appropriate

3 3039 Avoid nephrotoxic drugs

Correct anaemia, acidosis and hyperparathyroidism

Ensure drug dosages are appropriate for the level of kidney function

Consider referral to nephrologist (mostly not required)

Severe kidney failure

4 15-29 As above + Refer to nephrologist

Prepare for dialysis or transplantation if appropriate

End-stage kidney failure

As above + Refer to nephrologist

Institute dialysis or transplantation if appropriate
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b) rano otkrivanje i obrada komplikacija CKD (kao sto je
hipertenzija, sekundarni hiperparatiroidizam, bubrez-
na osteodistrofija, anemija, apneja u snu, simptom
nemirnih nogu, kardiovaskularna bolest, pothranjeno-
st);

c) izbjegavanje nefrotoksi¢nih lijekova i procjena pro-
pisanih lijekova kako bi se osiguralo da su doziranja
primjerena razini bubrezne funkcije, te,

d) pravovremeno upudcivanje bolesnika s CKD nefrologu
u ograni¢enim okolnostima, kad je to primjereno (u
Tablici 3. je popis trenutacnih indikacija za upucivanje
nefrologu prema preporuci australske Radne skupine
za pregled bubrega).

Primjena eGFR kod doziranja lijekova

Adekvatno propisivanje mnogih lijekova ovisi o poznava-
nju bubrezne funkcije bolesnika. Postoji opc¢a suglasnost
da je o odlucivanje o prilagodbi doze lijeka kod osoba s
CKD pojacano procjenom bubrezne funkcije utemeljene
na GFR, a ne na samoj koncentraciji kreatinina u serumu.
lako formula MDRD osigurava pouzdaniju procjenu GFR
od Cockroft-Gaultove, ova druga se trenuta¢no smatra
optimalnom za doziranje lijekova jer se vecina preporuka
o doziranju lijekova za bubrege zasniva na Cockroft-Gaul-
tovom klirensu kreatinina, te zato jer se doziranje lijeka
treba temeljiti na stvarnom GFR (mL/min), a ne na GFR
normaliziranom prema povrsini tijela (mL/min/1,73 m?)
(46). S druge strane, postoji zabrinutost u vezi s varijabil-
nosc¢u preporucene uporabe Cockroft-Gaultove formule s
obzirom na primjenu procijenjene idealne ili stvarne tje-
lesne tezine te na primjenu zastarjele formule koja nije iz-
mijenjena da bi obrazloZila promjene u restandardizaciji
analize kreatinina u serumu. Rezultat primjene Cockroft-
Gaultove kao i jednadZbe MDRD uglavnom su sukladne
preporuke za propisivanje lijekova, no nedavna je studija
ukazala na potencijalno klinicki vazne razlike u klinickom

TaBuica 3. Indikacije za upucivanje bolesnika s CKD nefrologu
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d) timely referral of CKD patients to a nephrologist in the
limited circumstances where this is appropriate (Table
3 lists the current indications for nephrologist referral,
as recommended by the Kidney Check Australia Tas-
kforce).

Use of eGFR for drug dosing

The appropriate prescribing of many drugs depends on
knowledge of the patient’s renal function. There is wide
agreement that decision making in drug dose adjustme-
nt in people with CKD is enhanced by an assessment of
kidney function based on GFR rather than a serum crea-
tinine concentration alone. Although the MDRD formula
provides a more reliable estimate of GFR than that of Coc-
kcroft-Gault, the latter is currently considered optimal for
drug dosing because most of the renal dosing recommen-
dations are based on Cockcroft-Gault creatinine clearan-
ce and because drug dosing should be based on actual
GFR (mL/min) rather than GFR normalised to body surfa-
ce area (mL/min/1.73 m2) (46). On the other hand, there
are concerns about the variability in the recommended
use of the C-G formula with regard to use of estimated
ideal or actual body weight and the use of an outdated
formula which has not been revised to account for chan-
ges in serum creatinine assay re-standardisation. Use of
both the Cockcroft-Gault and MDRD equations mostly re-
sults in concordant prescribing recommendations, but a
recent study suggested that potentially clinically importa-
nt differences in clinical decision-making occurred in 21-
37% of patients (47). It is not yet known whether the use
of the Cockcroft-Gault or the MDRD eGFR for drug dosing
results in superior clinical outcomes. Most guideline grou-
ps cautiously recommend using the Cockcroft-Gault crea-
tinine clearance for drug dosing until more clinical studies
with the MDRD formula are performed, although the Aus-
tralasian eGFR Working Party recommends that it appears

TaBLE 3. Indications for referral of CKD patients to a nephrolo-
gist.

eGFR <30mL/min1.73m?

Unexplained decline in kidney function (> 15% drop in GFR over 3 months)

Proteinuria > 1g/24hrs

Glomerular haematuria (particularly if proteinuria present)

CKD and hypertension that is hard to get to target

Diabetes with eGFR < 60mL/min/1.73m?

Unexplained anaemia with eGFR < 60mL/min/1.73m?
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odlucivanju koje su zabiljezene kod 21-37% bolesnika
(47). Jos uvijek nije poznato je li uporaba eGFR prema Coc-
kroft-Gaultu ili prema MDRD kod doziranja lijeka rezultira
boljima klini¢kim ishodima. Vecina skupina smjernica op-
rezno preporucuje koristenje Cockroft-Gaultovog klirensa
kreatinina kod doziranja lijeka sve dok se ne provede vise
klinickih studija s formulom MDRD, premda australoazij-
ska Radna skupina za eGFR preporucuje kao prihvatljivo i
zapravo pogodnije, - a u odsutnosti bilo koje druge mjere
za bubreznu funkciju, - primjenu eGFR prema MDRD (uz
prihvacanje njenih ogranicenja) kao pokazatelja kod pro-
pisivanja, posebice kod doza lijekova koji nisu kriti¢ni u
opcoj praksi. U najmanju ruku eGFR prema MDRD upozo-
rava lijecnike na mogucnost smanjene bubrezne funkcije
te po zelji i na primjenu drugih procjena.

Ucinak automatiziranog laboratorijskog
izdavanja nalaza eGFR na otkrivanje CKD

Za automatizirane nalaze eGFR je pokazano da rezultiraju
povecanim otkrivanjem CKD u zajednici te poboljsanim
upucivanjem bolesnika s CKD nefrolozima. Akbari i sur.
(2004.) su proveli studiju stanja prije i poslije ispitivanja
u 324 bolesnika starih > 65 godina u ambulanti obiteljske
medicine. Intervencija u studiji ukljucivala je automatizi-
rani laboratorijski nalaz Cockroft-Gaultovog klirensa krea-
tinina te edukacijsku intervenciju usmjerenu na lije¢nike
opce prakse. Prepoznavanje CKD (GFR < 60 mL/min) od
strane lije¢nika opce prakse bilo je primarna ciljana mjera
i bilo je znacajno poviseno nakon intervencije, s porastom
od 24,4% do 85,1% bolesnika s CKD. Povecano prepozna-
vanje CKD dovodi do povisenih postotaka upucivanja ug-
lavhom odgovarajucih bolesnika, 5to je vazno u koncen-
triranju ogranicenih sredstava. Revizijom provedenom
2006. godine u Australiji pregledane su uputnice za terci-
jarnu bolnicu, pokrajinsku bolnicu te ordinaciju privatne
prakse prije i poslije uvodenja automatiziranih nalaza eG-
FR. Ukupni postotci upudivanja porasli su samo u tercijar-
noj bolnici za priblizno 53%, dok je kvaliteta, prosudena
prema smjernica KCAT za upucivanje, ostala nepromije-
njena kod dvije trec¢ine adekvatnih uputnica.

Potrebno je tek odrediti hoce li rutinsko izdavanje nalaza
eGFR poboljsati ishode CKD u zajednici, iako je ve¢ sad
u Kanadi u tijeku randomizirano kontrolirano ispitivanje.
Ipak, u nerandomiziranom kontroliranom ispitivanju 52
bolesnika s Se¢ernom bolesti u kojima je CKD otkrivana u
primarnoj praksi na temelju patoloskih rezultata eGFR i/ili
proteinurije, Martinez-Ramirez i sur. (48) su dokazali da su
bolesnici koji su bili upuceni nefrologu manifestirali bolje
ocuvanje bubrezne funkcije od bolesnika koji su ostali na
lijecenju samo kod obiteljskog lije¢nika. Druge su studije
takoder ukazale da su rano otkrivanje CKD i pravovreme-
na intervencija s renoprotektivnim terapijama povezani
s 20-50%-tnim smanjenjem kardiovaskularnog i bubrez-
nog rizika (9).
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reasonable and indeed preferable, in the absence of any
other measure of kidney function, to use the MDRD eGFR
(recognising its limitations) as a guide to prescribing parti-
cularly with non-critical dose drugs in general practice. At
the very least, the MDRD eGFR alerts treating doctors to
the possibility of reduced renal function to allow the use
of other estimates, if desired.

The impact of automatic laboratory eGFR
reporting on CKD detection

Automatic eGFR reporting has been shown to result in
enhanced detection of CKD in the community and impro-
ved referral of CKD patients to nephrologists. Akbari et al
(2004) conducted a before-and-after study of 324 patien-
ts aged > 65 years at an outpatient family medicine prac-
tice. The intervention consisted of automatic laboratory
reporting of Cockcroft-Gault creatinine clearance toget-
her with an educational intervention directed at primary
care physicians. Recognition of CKD (GFR < 60 mL/min)
by the primary care physician was the primary outcome
measure and was significantly increased by the interven-
tion increasing from 22.4% to 85.1% of patients with CKD.
Increased recognition of CKD leads to increased referral
rates of mostly appropriate patients, important in con-
centrating limited resources. An audit in 2006 in Australia
looked at referrals to a tertiary hospital, a provincial hos-
pital and a private practice pre and post introduction of
automated eGFR reporting. Overall the referral rates only
increased in the tertiary hospital by approximately 53%
and the quality, as adjudicated by the KCAT guidelines for
referral, remained unchanged with two thirds appropria-
tely referred.

It remains to be determined whether routine reporting
of eGFR will improve CKD outcomes in the community,
although a randomised controlled trial is currently unde-
rway in Canada. Nevertheless, in a non-randomised con-
trolled trial of 52 diabetic patients in whom CKD was de-
tected in primary practice on the basis of an abnormal
eGFR report and/or proteinuria, Martinez-Ramirez et al
(48) demonstrated that patients who were subsequently
referred to a nephrologist exhibited better preservation
of renal function than those who remained treated by on-
ly their family doctors. Other studies have also suggested
that early detection of CKD and timely intervention with
renoprotective therapies is associated with a 20%-50% re-
duction in cardiovascular and renal risk (9).

Conclusions

Automatic laboratory reporting of eGFR on each occasion
aserum creatinine concentration is ordered will significan-
tly increase the likelihood of early detection of CKD, allow
the institution of appropriate management strategies to
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Zakljucci

Automatizirano laboratorijsko izdavanje nalaza eGFR kod
svakog zahtjeva za odredivanjem koncentracije kreatini-
na u serumu znacajno ¢e povecati vjerojatnost ranog ot-
krivanja CKD, omoguditi ustanovi adekvatne strategije
obrade radi smanjenja rizika za progresiju zatajenja bub-
rega i kardiovaskularne smrti u zajednici, te osigurati in-
formacije kod odluka povezanih s propisivanjem lijekova
koji se izlu¢uju bubregom. Klini¢ki kemicari trebaju biti
svjesni potrebe za postizanjem bolje standardizacije mje-
renje kreatinina u serumu te sljedivosti svih mjerenja ka-
ko bi povecali to¢nost i klini¢ku iskoristivost automatizira-
nih nalaza eGFR (osobito kod nizih vrijednosti kreatinina
u serumu).
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