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Ab stra ct

In tro duc tion: Co bas 6000 (Roc he, Ger ma ny) is bioc he mis try ana lyzer for spec trop ho to met ric, im mu no tur bi di met ric and io n-se lec ti ve de ter mi na-
tion of bioc he mi cal ana lytes. He re by we pre se nt ana lytical va li da tion wi th em pha sis on met hod per for man ce jud gme nt for rou ti ne ope ra tion.
Ma te ria ls and met ho ds: Va li da tion was ma de for 30 ana lytes (me ta bo li tes, en zymes, tra ce ele men ts, speci fi c pro tei ns and elec tro lytes). Re sear ch 
in clu ded de ter mi na tion of withi n-run (N = 20) and be twee n-run im precision (N = 30), inac cu ra cy (N = 30) and met hod com pa ri son wi th rou ti ne 
ana lyzer (Bec kman Coul ter AU640) (N = 50). For va li da tion of com ple te ana lyti cal pro ce ss we cal cu la ted to tal er ror (TE). Re sul ts we re jud ged ac cordi-
ng to qua li ty spe ci fi  ca tion cri te ria gi ven by Eu ro pean Wor ki ng Group.
Re sul ts: Wit hi n-run im pre ci sion CVs we re all be low 5% exce pt for cho les te rol, trig lyce ri des, IgA and IgM. Be twee n-run CVs for all ana lytes we re 
be low 10%. Ana lytes that did not meet the requi red spe ci fi  ca tio ns for im pre ci sion we re: to tal pro tein, al bu min, cal cium, so dium, chlo ri de, im mu-
nog lo bu li ns and HDL cho les te rol. Ana lytes that did not ful fi  ll requi re men ts for inac cu ra cy we re: to tal pro tein, cal cium, so dium and chlo ri de. Ana lytes 
that de via ted from qua li ty spe ci fi  ca tio ns for to tal er ror were: to tal pro tein, al bu min, cal cium, so dium, chlo ri de and IgM. Pas si ng-Bab lok reg res sion 
ana lysis pro vi ded li near equa tion and 95% con fi  den ce in ter val for in ter ce pt and slo pe. Com ple te ac cor dan ce with rou ti ne ana lyzer Bec kman Coul ter 
AU640 showed sma ll num ber of ana lytes. Ot her ana lytes showed sma ll pro por tio nal and/or sma ll con sta nt diff  e ren ce and the re fo re need to be ad-
jus ted for rou ti ne ope ra tion.
Con clu sio ns: Re gar di ng low CV va lues, tes ted analyzer has sa tis fac to ry ac cu ra cy and pre ci sion and is extre me ly stab le. Exce pt for ana lytes that are 
co he re nt on bo th ana lyze rs, so me ana lytes requi re ad jus tmen ts of slo pe and in ter ce pt for com ple te ac cor dan ce.
Key wor ds: vali da tion stu dy; che mis try tec hniques, ana lyti cal; Co bas 6000 ana lyzer; to tal er ror; Pas si ng and Bab lo ck reg res sion
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Va li da tion of met ho ds per for man ce for rou ti ne bioc he mis try ana lytes at Co bas 
6000 ana lyzer se ries mo du le c501
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Original article

In tro duc tion

It is we ll do cu men ted that rou ti ne la bo ra to ry wo rk 
is not er ror free and eff  or ts ha ve been ma de to im-
pro ve who le la bo ra to ry tes ti ng cycle and re du ce 
er ro rs (1). Althou gh the ana lyti cal pha se is the lea st 
pro ne to er ro rs, it sti ll has room for im pro ve me nt 
(2). For that pur po se ma ny gui de li nes, pro to co ls 
and spe ci fi  ca tio ns for va li da tion of ana lyti cal syste-
ms are avai lab le. They all are qui te si mi lar, but so-
me discre pan cies exi st usual ly in ac cep tan ce cri te-
ria de pen di ng on sour ce (3-5).
Qua li ty pa ra me te rs, inac cu ra cy and im pre ci sion 
are ba sic pa ra me te rs of met ho ds per for man ce va-

li da tion as mea su re of systematic and ran dom er-
ror. Tho se pa ra me te rs are pre sen ted by coeffi    cie nt 
of va ria tion (CV) and bias, but al so can be used for 
calcu la tion of to tal er ror (TE) (6). Com bi ni ng eff  ec-
ts of syste mic and ran dom er ror in fo rm of to tal er-
ror ma kes va li da tion re sul ts of com ple te ana lyti cal 
pro ce ss mo re evi de nt.
The aim of our stu dy was to va li da te met ho ds per-
for man ce of bioc he mis try ana lyzer Co bas 6000 
ana lyzer se ries mo du le c501 in con text of our ope-
ra ti ng con di tio ns.
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Ma te ria ls and met ho ds

Ana lyzer and met ho ds des crip tion

Co bas 6000 ana lyzer se ries is com po sed of se ve ral 
units (mo du les) that can be com bi ned in se ven dif-
fe re nt ana lyti cal syste ms wi th on ly one load poi nt. 
Va rious ana lyzer com po si tio ns are com ple te ly ad-
jus ted to use r’s nee ds for cli ni cal che mis try and 
im mu noc he mis try ana lyses wi th hi gh throug hput 
ca pa ci ty (7). We va li da ted cli ni cal che mis try ana-
lyti cal unit c501 for pho to met ric and io n-se lec ti ve 
elec tro de (ISE) mea su re me nt. For va li da tion of 
ana lyzer in rou ti ne la bo ra to ry wo rk we tes ted ana-
lytes rep re sen ti ng me ta bo li tes (glu co se, urea, crea-
ti ni ne, to tal and direct bi li ru bin, uric acid, trig lyce-
ri des, to tal cho les te rol, HDL (hi gh-den stiy li pop ro-
tein) and LDL (low-den stiy li pop ro tein) cho les te-
rol), en zymes (amyla se, al ka li ne phos pha ta se (AP), 
ala ni ne ami not ran sfe ra se (ALT), as par ta te ami not-
ran sfe ra se (AST), gam ma-gluta myltran sfe ra se 
(GGT), crea tin ki na se (CK), lac ta te de hydro ge na se 
(LDH) and lypa se), elec tro lytes (so dium, po tas sium, 
chlo ri de, mag ne sium, inor ga nic phos pho rus and 
cal cium), pro tei ns (to tal pro tein, al bu min, im mu-
nog lo bu li ns (Ig) G, A and M) and tra ce elemen ts 
(iron). The prin ciple of ea ch as say is lis ted in tab le 
1. Rea gen ts are rea dy to use and pac ked in clo sed 
cas set tes what ma kes rea ge nt han dli ng com ple te-
ly au to ma ted. Ac cor di ng to the ma nu fac tu rer, Co-
bas 6000 ana lyzer mo du le c501 per for ms 600 ana-
lyses per hour and se ts 130 diff  e re nt ap pli ca tio ns 
in va rious bo dy fl ui ds.

Rea gen ts

All mea su re men ts we re per for med wi th sin gle lot 
cas set tes exce pt for IgM whe re ana lysis of be twee-
n-day im pre ci sion and the re fo re inac cu ra cy was 
per for med wi th two diff  e re nt reage nt lo ts. Rea ge-
nt pre pa ra tion and set ti ng was ma de ac cor di ng to 
Roc he diag nos ti cs re com men da tion. All ca lib ra tio-
ns we re per for med wi th com mer cial ca lib ra to rs 
and ac cor di ng to ma nu fac tu rer’s in struc tio ns (7). 
Ca lib ra tio ns we re per for med when qua li ty co ntrol 
mea su re me nt was not sa tis fac to ry or af ter rea ge nt 
lot chan ge (IgM). All rea gen ts, ca lib ra to rs and con-
tro ls used we re pro vi ded by Roc he diag nos ti cs, 
Man nheim, Ger ma ny.

Sam ples

We tes ted 30 ana lytes in blood se rum as lis ted in 
tab le 1. Com mer cial con trol sam ples we re used for 
de ter mi na tion of be twee n-day im pre ci sion and 
for cal cu la tion of inac cu ra cy (bias) (Pre ci no rm U lot 
17959600, Pre ci pa th U lot 17628700, Pre ci no rm 
Pro tein lot 18234300, Pre ci pa th Pro tein lot 
18234400, Pre ci no rm Li pid lot 18064700 and Pre ci-
pa th H/LDL lot 18174000, Roc he diag nos ti cs, Man-
nheim, Ger ma ny). For de ter mi na tion of wit hi n-day 
im pre ci sion and for met hod com pa ri son fre sh re si-
dual pa tien ts’ sam ples from dai ly rou ti ne we re 
used. Sam ples we re no n-ran dom ly se lec ted to ful-
fi  ll cri te ria for broad va lue ran ge and pro per dis tri-
bu tion for met ho ds com pa ri son. On ly no n-he mo-
lytic and no n-li pe mic se ra we re used.

Im pre ci sion and inac cu ra cy

Two pa tien ts’ sam ples, ea ch wi th diff  e re nt de ci sion 
le vel (ana lyte con cen tra tion) we re used for ob tai-
ning wit hi n-day im pre ci sion. Ea ch sam ple was 
mea su red 20 ti mes in se ries, and mean, stan da rd 
de via tion and coeffi    cie nt of va ria tion (CV) we re 
cal cu la ted for ea ch le vel of re pea ted mea su res. 
Mean va lue of bo th coeffi    cien ts of va ria tion was 
con si de red as fi  nal coeffi    cie nt of va ria tion for wit-
hi n-day im pre ci sion (CVwd). Be twee n-day im pre ci-
sion was cal cu la ted ba sed on ana lyses of com mer-
cial con trol sam ples, one wi th nor mal and one wi-
th pat ho lo gi cal va lues (Roc he, Man nheim, Ger ma-
ny) over 30 days pe riod. Mean of coeffi   cien ts of 
va ria tion for bo th mea su red con tro ls le ve ls was 
con si de red as fi  nal coeffi    cie nt of va ria tion of be-
twee n-day im pre ci sion (CVbd). Be twee n-day im-
pre ci sion (CVbd) was con si de red to be the mea su re 
for ran dom ana lytical er ror (8).
Re sul ts of com me rcial con trol ma te rial ana lysis for 
be twee n-day im pre ci sion mea su re men ts we re al-
so used for inac cu ra cy cal cu la tio ns (bias). We cal-
cu la ted per cen ta ge of bias ac cor di ng to equa tion:

Bias (%) = ((Mean va lue – Tar get va lue)/
Target va lue) × 100%.

Inac cu ra cy was con si de red to be the mea su re for 
syste mic ana lyti cal er ror (8). Tar get va lues for se-
lec ted ana lytes in com mer cial con tro ls we re pro vi-
ded by the rea ge nt ma nu fac tu rer (Roc he, Man-
nheim, Ger ma ny).
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Ana lyte (unit) Li nea rity 
Co bas c501

Met hod used on Cobas 6000 
ana lyzer se ries mo dul c501

Li nea ri ty Bec kman 
Coul ter AU640

Met hod used on Bec kman 
Coul ter AU640

Glu co se (mmol/L) 0.11–41.6 Hexo ki na se 0.6–45.0 Hexo ki na se

Urea (mmol/L) 0.5–40 Urease-GLDH 0.8–50 Urease-GLDH

Crea tinine (µmol/L) 15–2200 Ki ne tic Jaff  é 18–2200 Ki ne tic Jaff  é

To tal bi li ru bin (µmol/L) 1.7–650 DPD 0–513 DPD

Di re ct bi li ru bin (µmol/L) 2–430 Dia zo met hod 0–171 Dia zo met hod

AMY (U/L) 3–1500 IFCC (en zyma tic wi th E-G7PNP) 10–1500 IFCC (en zyma tic wi th E-G7PNP)

ALP (U/L) 5–1200 IFCC 5–1500 IFCC

LDH (U/L) 20–1200 IFCC 3–1000 IFCC

GGT (U/L) 3–1200 IFCC 5–1200 IFCC

AST (U/L) 5–700 IFCC wit hout pyri doxal phos pha te 3–1000 IFCC wit hout pyri doxal 
phos pha te 

ALT (U/L) 5–700 IFCC wit hout pyri doxal phos pha te 3–500 IFCC wit hout pyri doxal 
phos pha te 

CK (U/L) 7–2000 IFCC 10–2000 IFCC

Li pa se (U/L) 3–300 Enzyma tic co lo ri met ric as say 
di lau ril -gli ce rol es ter 3–600 Ki ne tic co lo ri met ric as say 

GPO-PAP

Uric acid (µmol/L) 11.9–1487 Uricase–PAP 89–1785 Uricase-PAP

Trig lyce ri des (mmol/L) 0.1–10.0 GPO-PAP wi th 4-aminophenazone 0.1–11.3 GPO-PAP wi th 4-aminoantipyrine

Cho les te rol (mmol/L) 0.1–20.7 CHOD-PAP 0.5–18.0 CHOD-PAP

To tal pro tein (g/L) 2.0–120 Biu ret 30–120 Biuret

Al bu min (g/L) 2–60 Co lo ri met ric wi th BCG 15–60 Co lo ri met ric wi th BCG

Iron (µmol/L) 0.9–179 Colo ri met ric as say wi th Fer ro zi ne 2–179 Co lo ri met ric wi th TPTZ

Mag ne sium (mmol/L) 0.1–2.5 Co lo ri met ric met hod wi th 
chlo rop hos pho na zo III 0.2–3.3 Co lo ri met ric wi th xi li dil blue

Inor ga nic phos pho rous 
(mmol/L) 0.1–6.46 Mo lybda te UV met hod 0.32–6.40 Mo lybda te UV met hod

Cal cium (mmol/L) 0.1–5.0
Colo ri met ric met hod ac cor di ng 

to Schwar zen ba ch wi th 
o-cre solphtha lein

1.0–5.0 Co lo ri met ric met hod wi th 
ar se na zo III

Na+ (mmol/L) 80–180 In di re ct po ten cio met ry 50–200 In di re ct po ten cio met ry

K+ (mmol/L) 1.5–10.0 In di re ct po ten cio met ry 1.0–10.0 In di re ct po ten cio met ry

Cl+ (mmol/L) 60–140 In di re ct po ten cio met ry 50–200 In di re ct po ten cio met ry

IgA (g/L) 0.5–8.0 Im mu no tur bi di metric as say 0.1–7.0 Im mu no tur bi di met ric as say

IgG (g/L) 3.0–50.0 Im mu no tur bi di met ric as say 0.75–30.0 Im mu no tur bi di met ric as say

IgM (g/L) 0.25–6.5 Im mu no tur bi di met ric as say 0.2–5.0 Im mu no tur bi di met ric as say

HDL (mmol/L) 0.08–3.1
Ho mo ge neous en zyma tic 

co lorimet ric as say wi th 
4-aminoantipyrine

0.05–4.65
Ho mo ge neous en zyma tic 

co lo ri met ric as say wi th 
4-aminoantipyrine

LDL (mmol/L) 0.1–14.2
Ho mo ge neous en zyma tic 

co lo ri met ric as say wi th 
4-aminoantipyrine

0.26–10.3
Homo ge neous en zyma tic 

co lo ri met ric as say wi th 
4-ami noan ti pyri ne

TAB LE 1. Met ho ds of de ter mi na tion for ana lytes on Co bas 6000 ana lyzer se ries mo du le c501 and Bec kman Coul ter AU640 (Li nea ri ty 
ran ges are sta ted by the ma nu fac tu rer)
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Re sul ts on im pre ci sion and inac cu ra cy we re eva-
lua ted ac cor di ng to qua li ty spe ci fi  ca tio ns re com-
mended by Eu ro pean Wor ki ng Group (9).

To tal er ror

Da ta on inac cu ra cy (bias) and im pre ci sion (CVbd) 
we re used for cal cu la tion of to tal error (TE) ac cor-
di ng to equa tion (6):

TE = Bias + Z × CVbd.

To tal er ror (TE) rep re sen ts ove ra ll er ror that oc cu rs 
as com bi ned eff  e ct of ran dom er ror (im pre ci sion) 
and syste mic er ror (inac cu ra cy) in ana lyti cal mea-
su re me nt. Fac tor Z is mul tip lier that se ts con fi  den-
ce le vel. Re com men da tio ns for Z va lue are not 
com ple te ly har mo ni zed and Z can range from 2 to 
6, the hig her the va lue the stric ter the ru le (6). We 
cal cu la ted to tal er ror usi ng Z = 2 and com pa red 
our re sul ts wi th re com men ded qua li ty spe ci fi  ca-
tio ns e.g. to tal al lowab le er ror (TEa) ac cor di ng to 
Eu ro pean Wor ki ng Group (9).

Met hod com parison

We com pa red re sul ts of ana lysis ob tai ned on Co-
bas 6000 ana lyzer se ries mo du le c501 wi th re sul ts 
ob tai ned on cur ren tly used rou ti ne bioc he mis try 
ana lyzer, Bec kman Coul ter AU640 (Bec kman Coul-
ter, USA) for all in ves ti ga ted met ho ds (Tab le 1). For 
ea ch analyte we per for med mea su re men ts of 50 
pa tien ts’ sam ples in pe riod of one mon th. Sam ples 
we re ana lyzed on bo th ana lyze rs at the sa me day 
so the re was no need for sam ple sto ra ge. We per-
for med Pas si ng and Bab lok reg res sion ana lysis for 
da ta of all ana lytes. Regres sion ana lysis pro vi ded 
li near equa tion for ea ch tes ted ana lyte as we ll as 
95% con fi  den ce in ter val (95% CI) for in ter ce pt and 
slo pe. Met ho ds we re con si de red har mo ni zed if 
95% CI for in ter ce pt in clu ded va lue ze ro and 95% 
CI for slo pe in clu ded va lue one. If 95% CI did not 
in clu de lis ted va lues, pro por tio nal and con stant 
er ror cou ld be iden ti fi ed (10).

Sta tis ti cal ana lysis

All mea su red da ta we re en te red in re la tion tab les 
usi ng MS Excel (Mic ro so ft Cor po ra tion, USA). Com-
pu ta tion and sta tis ti cal ana lysis were ma de usi ng 
Med Ca lc sta tis ti cal sof twa re (Med Ca lc, Ma ria ker ke, 
Bel gium, li cen ce of De par tme nt of Me di cal In for-

ma ti cs, Ri je ka Uni ver si ty School of Me di ci ne, Ri je-
ka, Croa tia).
Who le va li da tion expe ri me nt was per for med at 
Cli ni cal In sti tu te of La bo ra to ry Diagnos ti cs, Ri je ka 
Cli ni cal Hos pi tal Cen ter, from Feb rua ry to Ap ril 
2009.

Re sul ts

Resul ts of va li da tion of met hod per for man ce are 
pre sen ted in tab le 2 as mean of wit hi n-run CV, to-
tal im pre ci sion, to tal inac cu ra cy and to tal er ror for 
all ana lytes. Qua li ty speci fi  ca tio ns for im pre ci sion, 
inac cu ra cy and to tal er ror for ea ch ana lyte are pre-
sen ted in or der to com pa re obtai ned wi th re com-
men ded va lues (9).
Coeffi    cien ts of va ria tion (CVwd) for wit hi n-day im-
pre ci sion for ma jo ri ty of tes ted ana lytes we re be-
low 5% exce pt for cho les te rol, trig lyce ri des, IgA 
and IgM that we re 7.4%, 7.7%, 5.4% and 12.3% res-
pec ti ve ly (Tab le 2). Coeffi    cien ts of va ria tion for be-
twee n-day im pre ci sion (CVbd) for all ana lytes we re 
be low 10% but when com pa red to qua li ty spe ci fi -
ca tio ns, to tal protein, al bu min, cal cium, so dium, 
chlo ri de, IgG, IgA, IgM and HDL cho les te rol are 
hig her than re com men ded. When com pa ri ng to-
tal inac cu ra cy (bias) wi th qua li ty re com men da tio-
ns, to tal pro tein, cal cium, so dium and chlo ri de are 
not in ac cor dan ce wi th re com me nded spe ci fi  ca-
tio ns. Re sul ts for to tal er ror re vea led that to tal pro-
tein, al bu min, cal cium, so dium, chlo ri de and IgM 
ha ve hig her to tal er ror va lue than re com men ded 
(Tab le 2).
Met hod com pa ri son stu dy yiel ded coeffi    cie nt of 
cor re la tion r > 0.98 for ma jo ri ty of ana lytes exce pt 
for HDL cho les te rol (r = 0.97), so dium (r = 0.97), 
mag ne sium and chlo ri de (r = 0.95 for bo th) (Tab le 
3). Li near equa tio ns for all tes ted ana lytes as we ll 
as 95% CI for in ter ce pt and slo pe, cal cu la ted ac cor-
di ng to Pas si ng and Bab lok reg re ssion ana lysis are 
pre sen ted in tab le 3. Full ac cor dan ce be tween two 
met ho ds we re ac hie ved for albu min, amyla se, 
chlo ri de, HDL cho les te rol, LDH, po tas sium, so dium 
and urea, be cau se 95% CI for reg res sion li ne inter-
ce pt in clu des va lue ze ro and 95% CI for slo pe in-
clu des va lue one. Met hod com pa ri son reg res sion 
ana lysis for AST, ALT, IgM, iron, LDL cho les te rol, li-
pa se, mag ne sium, to tal pro tein and trig lyce ri des 
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Ana lyte

Mean of 
wit hi n-run 
coeffi    cie nt 

of va ria tion 
(%)

To tal im pre ci sion To tal inac cu ra cy Total er ror (TE)

Mean of 
be twee n-day 
coeffi    cie nt of 
va ria tion (%)

Qua li ty 
spe ci fi  ca tion 

(%)

Co bas c501 
bias vs. 
Con trol 

ma te rial (%)

Qua li ty 
spe ci fi  ca tion 

(%)

To tal 
er ror 

(%)

Qua li ty 
spe ci fi  ca tion 

(%)

Glu co se (mmol/L) 3.2 1.5 2.9 1.7 2.2 4.7 6.9

Urea (mmol/L) 4.0 2.1 6.2 4.4 5.5 8.6 15.7

Crea ti ni ne (µmol/L) 4.5 2.4 2.7 1.5 3.8 6.3 8.2

Total bi li ru bin (µmol/L) 1.6 2.6 11.9 2.6 11.4 7.8 31.1

Di re ct bi li ru bin (µmol/L) 2.2 4.8 18.4 6.0 14.2 15.6 44.5

AMY (U/L) 0.7 2.1 4.4 2.1 7.4 6.3 14.6

ALP (U/L) 4.2 2.6 3.2 4.9 6.4 10.1 11.7

LDH (U/L) 3.7 1.7 4.3 1.3 4.3 4.7 11.4

GGT (U/L) 1.1 1.7 6.9 4.0 10.8 7.4 22.2

AST (U/L) 0.6 2.3 6.0 1.9 5.4 6.5 15.2

ALT (U/L) 0.6 1.6 12.2 3.9 12.0 7.1 32.1

CK (U/L) 0.7 1.4 11.4 1.2 11.5 4.0 30.3

Lipase (U/L) 1.0 2.1 11.6 3.8 10.1 8.0 29.1

Uric acid (µmol/L) 4.3 1.7 4.5 4.5 4.9 7.9 12.4

Trig lyce ri des (mmol/L) 7.7 1.9 10.5 0.9 10.7 4.7 27.9

Cho les te rol (mmol/L) 7.4 1.5 2.7 3.3 4.0 6.3 8.5

Total pro tein (g/L) 1.0 2.1 1.4 1.6 1.2 5.8 3.4

Al bu min (g/L) 1.8 1.9 1.6 0.8 1.3 4.6 3.9

Iron (µmol/L) 0.5 2.5 13.3 3.5 8.8 8.5 30.7

Mag ne sium (mmol/L) 1.2 1.4 1.8 0.5 1.8 3.3 4.8

Inor ga nic phos pho rous 
(mmol/L) 0.8 1.4 4.3 0.7 3.2 3.5 10.2

Cal cium (mmol/L) 0.7 2.1 1.0 2.1 0.8 6.3 2.4

So dium (mmol/L) 0.4 1.4 0.4 0.6 0.3 3.4 0.9

Po ta sium (mmol/L) 0.5 1.8 2.4 0.5 1.8 4.1 5.8

Chlo ri de (mmol/L) 0.6 1.4 0.6 1.9 0.5 4.7 1.5

IgA (g/L) 5.4 2.9 2.7 3.9 9.1 9.7 13.5

IgG (g/L) 3.9 3.0 2.3 1.2 4.3 7.2 8.0

IgM (g/L) 12.3 6.9 3.0 5.5 11.9 19.3 16.8

HDL (mmol/L) 1.1 3.4 2.8 1.2 6.9 8.0 11.5

LDL (mmol/L) 2.0 3.4 4.2 1.7 6.8 8.5 13.6

TAB LE 2. Wit hi n-run im pre ci sion da ta (N = 20) and be twee n-day im pre ci sion da ta (N = 30) for Co bas 6000 ana lyzer se ries mo du le 
c501, To tal im pre ci sion is mean CV va lue of be twee n-day coeffi    cie nt of va ria tion gi ven for two le ve ls of con trol ma te rial, To tal inac cu-
ra cy as de via tion per cen ta ge of mean mea su red va lue vs. tar get va lue (bias = ((mean va lue-tar get va lue)/target va lue) × 100%), To tal 
er ror (TE) as qua li ty cha rac te ris ti cs of va li da ted met hod ac cor di ng to equa tion TE = bias + 2 x CV (6), the net or com bi ned eff  e ct of 
ran dom (to tal im pre ci sion) and syste ma tic (inac cu ra cy) er ro rs. All mea su red and cal cu la ted va lues are com pa red wi th gi ven qua li ty 
spe ci fi  ca tio ns (9)
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TAB LE 3. Re sul ts of met hod com pa ri son be tween Co bas 6000 ana lyser se ries c501 and Bec kman Coul ter AU640. In ter cep ts and slo-
pes wi th 95% CI ac cor di ng to Pas si ng and Bab lo ck reg res sion ana lysis and cor re la tion coeffi    cie nt are pre sen ted

Analyte In ter ce pt 95% CI for 
in ter ce pt Slo pe 95% CI for 

slo pe
Cor re la tion 
coeffi    cie nt

Ran ge tes ted 
(Co bas)

In ac cor dan ce wi th rou ti ne met hod*

Al bu min 0.97 -0.39–2.4 1.02 0.98–1.06 0.99 15.9–54.2

Amyla se 0.00 -0.25–0.00 1.00 1.00–1.01 0.99 17–356

Chlo ri de -4.00 -14.72–5.58 1.00 0.92–1.11 0.95 79–124

HDL 0.00 0.00–0.19 1.00 0.89–1.00 0.97 0.7–2.5

LDH 0.14 -5.52–6.32 0.99 0.96–1.02 0.99 119–488

Po tas sium -0.12 -0.33–0.10 1.04 1.00–1.08 0.99 2.9–6.2

So dium 1.00 -4.91–9.56 1.00 0.94–1.04 0.97 117–160

Urea -0.10 -0.25–(-0.01) 1.00 0.99–1.03 0.99 1.0–24.8

Con sta nt diff  e ren ce†

ALT 1.00 0.75–1.00 1.00 1.00–1.01 0.99 1–124

AST -0.85 -1.00–(-0.25) 0.99 0.97–1.00 0.99 9–198

IgM -0.10 -0.10–(-0.10) 1.00 1.00–1.00 0.99 0.1–19.3

Iron 1.00 1.00–1.00 1.00 1.00–1.00 0.99 2–62

LDL -0.16 -0.37–(-0.1) 1.02 1.00–1.09 0.98 1.0–6.3

Li pa se 4.38 1.35–6.52 1.02 0.97–1.06 0.99 6.9–821.2

Mag ne sium 0.12 0.08–0.21 0.94 0.83–1.00 0.95 0.4–1.4

To tal pro tein 1.00 1.00–5.42 1.00 0.93–1.00 0.99 38–115

Trig lyce ri des 0.10 0.10–0.14 1.00 0.95–1.00 0.99 0.5–4.9

Pro por tio nal diff  e ren ce‡

ALP 1.92 -0.73–3.3 0.88 0.87–0.90 0.99 26–609

Cal cium 0.01 -0.09–0.15 0.89 0.84–0.94 0.98 0.9–2.7

Cho les te rol -0.02 -0.02–0.04 0.92 0.90–0.94 0.99 2.0–8.0

CK 0.07 -1.00–0.96 0.97 0.96–0.98 0.99 12–1742

IgG 0.20 -0.22–0.52 0.87 0.83–0.90 0.99 0.2–27.2

Uric acid 0.58 -3.90–6.90 0.91 0.89–0.93 0.99 84–680

Both con sta nt and pro por tio nal diff  e ren ce§ 

Crea ti ni ne -10.49 -12.57–(-8.41) 1.05 1.03–1.07 0.99 32–256

Di re ct bi li ru bin -1.00 -1.33–(-0.25) 1.50 1.37–1.67 0.99 1–93

GGT -1.30 -1.58–(-1.07) 0.96 0.96–0.97 0.99 4–501

Glu co se -0.15 -0.25–(-0.01) 1.07 1.05–1.09 0.99 2.7–14.7

IgA -0.05 -0.14–(-0.07) 0.84 0.81–0.92 0.99 0.3–10.6

Inor ga nic phos pho rous 0.05 0.01–0.08 0.91 0.88–0.95 0.99 0.6–1.9

To tal bi li ru bin -1.14 -1.88–(-0.85) 0.86 0.84–0.88 0.99 3–165
* In ter cept CI in clu des ze ro as va lue and slo pe CI in clu des one as va lue
† Inter ce pt CI does not in clu de ze ro as va lue and slo pe CI in clu des one as va lue
‡ In ter ce pt CI in clu des ze ro as va lue and slo pe CI does not in clu de one as va lue
§ Inter ce pt CI does not in clude ze ro as value and slo pe CI does not in clu de one as va lue
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re vea led con sta nt diff  e ren ce (in ter ce pt 95% CI 
does not in clu de va lue ze ro), and for ALP, cal cium, 
choleste rol, CK, uric acid and IgG pro por tio nal dif-
fe ren ce (slo pe 95% CI does not in clu de va lue one). 
Bo th, con sta nt and pro por tio nal diff  e ren ces, we re 
fou nd for glu co se, crea ti ni ne, di re ct bi li ru bin, to tal 
bi li ru bin, GGT, inor ga nic phos pho rous and IgA.

Dis cussion

Cobas 6000 ana lyzer se ries mo dul c501 is stab le 
ana lyti cal system for rou ti ne la bo ra to ry wo rk. That 
is sup por ted by re sul ts for wit hi n-run coeffi    cie nt of 
va ria tion that is ge ne ral ly lower than 5% (exce pt 
for trig lyce ri des, cho les te rol, IgA and IgM) and for 
be twee n-day coeffi    cie nt of va ria tion lower than 
10% for all tes ted ana lytes (Tab le 2). Our re sul ts on 
va li da tion are con sis te nt wi th tho se pu blis hed by 
van Gam me ren et al. (11). Al thou gh re sul ts are pre-
sen ted in diff  e re nt man ner, da ta for to tal im preci-
sion can be com pa red, and no sig ni fi  ca nt diff  e ren-
ce be tween ob tai ned re sul ts is no ted (11).
As we fo cu sed main ly on met ho ds per for man ce 
rat her than in stru me nt va li da tion our re sul ts we re 
ob ser ved in de tail ac cor di ng to re com men ded 
qua li ty spe ci fi  ca tions for ea ch met hod. The re are 
no uni fo rm requi re men ts for qua li ty speci fi  ca tion 
ac cep ted glo bal ly (12-15). The choi ce of qua li ty 
spe ci fi  ca tion de pen ds on la bo ra to ry ma na ge me nt 
and we ac cep ted Eu ro pean Wor ki ng Group re com-
men da tio ns (9).
When com pa ri ng va lues of CV and bias ob tai ned 
in our stu dy, wi th qua li ty spe ci fi  ca tio ns re com-
men ded by Eu ro pean Wor ki ng Group, re sul ts for 
so me ana lytes do not ag ree wi th re com men da tio-
ns (9) (Tab le 2). For to tal pro tein, al bu min, cal cium, 
so dium, chlo ri de, IgA, IgG and IgM, and HDL-cho-
les te rol, CV is hig her than re com men ded, and for 
to tal pro tein, cal cium, so dium and chlo ri de bias is 
al so hig her than re com men ded by qua li ty spe ci fi -
ca tion (Tab le 2). Eva lua tion of qua li ty of met ho ds 
throu gh CV and bias se pa ra te ly can be com plex 
and in con clu si ve. CV and bias are per for man ce 
cha rac te ris ti cs of mea su re me nt pro ce du res, but 
bet ter qua li ty in di ca tor is to tal er ror that des cri bes 
maxi mum er ror that can oc cur as con sequen ce of 
im pre ci sion and inac cu ra cy of par ti cu lar ana lyte 
mea su re ment (6).

When we ob ser ve our re sul ts in the ter ms of to tal 
er ror and com pa re them wi th Eu ro pean qua li ty 
spe ci fi  ca tion for al lowab le to tal er ror, slig htly diff  e-
re nt con clu sio ns can be de ri ved. To tal pro tein, al-
bu min, cal cium, so dium, chlo ri de and IgM did not 
meet qua li ty spe ci fi  ca tion cri te ria for to tal er ror 
(Tab le 2). Ana lytes that did not meet qua li ty spe ci-
fi  ca tio ns for CV and for bias, fai led to meet qua li ty 
spe ci fi  ca tion for to tal er ror as we ll (to tal pro tein, 
cal cium, so dium and chlo ri de). Howe ver, IgA, IgG 
and HDL-cho les te rol fai led to meet CV cri te ria but 
we re ac cep tab le ac cor di ng to to tal er ror qua li ty 
spe ci fi  ca tion. Al thou gh al bu min and IgM ha ve ac-
cep tab le bias, dis cre pan cies from re com men ded 
CV va lue we re hi gh enou gh to in fl uen ce to tal er ro-
rs that we re hig her than re com men ded qua li ty 
spe ci fi  ca tion. Re com men ded qua li ty spe ci fi  ca tio-
ns for al lowab le to tal er ror by Eu ro pean Wor ki ng 
group are mo re de man di ng than, for exam ple US 
CLIA (Cli ni cal La bo ra to ry Im pro ve me nt Amen-
dmen ts) re com men da tio ns (16,17). If we used CLIA 
re com men da tion, all ana lytes that did not meet 
Eu ro pean qua li ty spe ci fi  ca tio ns wi th the exce ption 
of IgM wou ld meet CLIA cri te ria for al lowab le to tal 
er ror. The pos sib le rea son for poor per for man ce of 
IgM may lay in two rea ge nt lo ts that ha ve been 
used du ri ng the va li da tion expe ri me nt. Bo th rea-
gen ts we re ca lib ra ted wi th com mer cial ca lib ra to rs 
ac cor di ng to ma nu fac tu rer’s re com men da tio ns 
and pas sed com mercial qua li ty con trol cri te ria (7).
Fac tor that stron gly in fl uen ces to tal er ror va lue is 
Z-va lue used for cal cu la tion of TE. To tal er ro rs in 
our stu dy were cal cu la ted usi ng fac tor Z = 2, howe-
ver re com men ded qua li ty spe ci fi  ca tio ns for 
allowab le to tal er ror by Eu ro pean wor ki ng group 
we re gi ven usi ng fac tor Z = 1.65. Con si de ri ng that 
hig her Z va lue mea ns stric ter ru le, we used hig her 
va lue than the one re com men ded by Eu ro pean 
wor ki ng group and thus ma de our qua li ty pa ra-
me te rs mo re de man di ng. The choi ce of Z va lue 
de pen ds on qua li ty po li cy of la bo ra to ry (6). Un-
stab le en vi ron me nt su ch as rou ti ne la bo ra to ry is 
con trol led eve ry day wi th com mer cial con trol sam-
ples so it al lows con si de ra tion of fac tor Z = 2 as sa-
tis fac to ry. Hig her sta bi li ty of ana lyti cal systems 
wou ld al low fewer con tro ls (6). Met ho ds that do 
not ful fi  ll qua li ty spe ci fi  ca tion cri te ria shou ld not 
be dec la red un sa tis fac to ry but as met ho ds wi th 
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lower sta bi li ty. Tho se met ho ds shou ld be con trol-
led mo re of ten and fol lowed wi th mo re at ten tion 
be cau se of hig her pos sib le maxi mum er ror in met-
hod per for man ce (6,18).
Met hod com pa ri son is ine vi tab le pro ce du re when 
new ana lyti cal system is in tro du ced in rou ti ne la-
bo ra to ry wo rk. Re gar dle ss of re sul ts of met hod 
per for man ce va li da tion ba sed on CV, bias and TE, 
new met ho ds ha ve to pre ser ve con ti nuum in me-
di cal de ci sion pro ce ss so it is im por ta nt that they 
do not diff er sig ni fi  ca ntly from tho se cur ren tly 
used (18). We used Pas si ng and Bab lo ck reg res sion 
ana lysis for met hod com pa ri son eva lua tion even 
thou gh so me aut ho rs re com me nd use of diff  e ren-
ce plo ts (Bla nd and Al tman ana lysis) to pre se nt da-
ta from met hod com pa ri son stu dy be cau se they 
pro vi de mo re in for ma tion on ran dom er ro rs (10,19). 
Our aim was rat her to es ti ma te syste ma tic er ro rs, 
bo th con sta nt and pro por tio nal in or der to har mo-
ni ze tes ted ana lyze rs.
Ac cor di ng to our re sul ts of met hod com pa ri son 
expe ri me nt, met hods for al bu min, amyla se, chlo ri-
de, HDL-cho les te rol, LDH, po tas sium, so dium and 
urea we re in fu ll con cor dan ce wi th met ho ds of 
exis ted au to ma ted ana lyzer (Bec kman Coul ter 
AU640, Bec kman Coul ter, USA). Met ho ds that do 
not com ple te ly ful fi  ll cri te ria for fu ll concor dan ce 
(Tab le 3) ge ne ral ly ha ve sma ll con sta nt and pro-
por tio nal diff  e ren ce that can be com pen sa ted by 
slig ht ad jus tme nt of slo pe and in ter ce pt exce pt for 
di re ct bi li ru bin. That met hod has sig ni fi  ca nt pro por-
tio nal diff  e ren ce (slo pe = 1.50) and bo th in strumen-
ts can not be used si mul ta neous ly in rou ti ne la bo ra-
to ry wo rk for mea su re me nt of di re ct bi li ru bin.
The li mi ta tion of stu dy is that the main ques tion 
re mai ns, whet her tho se met ho ds that did not ful fi -
ll stri ct per for man ce cri te ria in fl uen ce cli ni cal qua-
lity requi re men ts whi ch are ba sis for iden ti fyi ng 

me di cal ly im por ta nt chan ges (20). One of the li mi-
ta tio ns is the exclu sion of he mo lytic and li pe mic 
sam ples from met hod va li da tion as we did not in-
clu de in ter fe ren ce ana lysis in our stu dy. Anot her li-
mi ta tion is the usa ge of con trol ma te rial pro vi ded 
by the ma nu fac tu rer of the tes ted ana lyzer as ot-
her con trol ma te ria ls from in de pen de nt ma nu fac-
tu rer we re not avai lab le. Eva lua tion of ea ch met-
hod was per for med usi ng sin gle lot rea ge nt wi th 
the excep tion of IgM. Althou gh this can be con si-
de red as li mi ta tion of the stu dy, va li da tion is a 
com pro mi se of co st and ri sk (5). Our stu dy on ly 
acces sed ana lyti cal per for man ce of the spe ci fi ed 
met ho ds. Va li da tion of ana lyti cal per for man ce 
shou ld ne ver be mixed wi th cli ni cal quality requi-
re men ts. The re are diff  e re nt pro to co ls for cli ni cal 
qua li ty requi re me nt eva lua tion that were not in-
clu ded in our stu dy (21-23).
To con clu de, Cobas 6000 ana lyzer se ries mo du le 
c501 pro vi des stab le ana lysis for wi de ran ge of 
ana lytes. Ana lytes that do not ful fi  ll qua li ty spe ci fi -
ca tion cri te ria (to tal pro tein, al bu min, cal cium, so-
dium, chlo ri de and IgM) requi re mo re freque nt 
qua li ty con trol pro to col whi ch in clu des se ve ral ru-
ns of con trol ma te rial in se ries. Al so, the re is need 
for con ti nuous mo ni toring of bias and CV in rou ti-
ne la bo ra to ry wo rk and stric ter rules for al lowab le 
CV and bias (18). Ad di tio nal com pa ri son stu dy for 
di re ct bi li ru bin met hod ad jus tme nt nee ds to be 
per for med in or der to har mo ni ze it wi th exis te nt 
in stru me nt.
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Va li da ci ja me to da za od ređiva nje ru tin skih bio ke mij skih ana li ta na ana li za to ru 
Co bas 6000 mo del se ri je c501
Sažetak

Uvod: Co bas 6000 (Roc he, Nje mačka) je bio ke mij ski ana li za tor za spek tro fo to met rij ska, imu no tur bi di met rij ska i ion se lek tiv na od ređiva nja kon-
cen tra ci je bio ke mij skih ana li ta. Ovo is traživa nje pred stav lja ana li tičku va li da ci ju s nag las kom na proc je nu me toda za ru tin sko mje renje.
Ma te ri ja li i me to de: Va li da ci ja je pro ve de na za 30 ana li ta (me tabo li ti, en zi mi, ele men ti u tra go vi ma, spe ci fi čni pro teini i elek tro liti). Is traživa-
nje je uk ljučiva lo od ređiva nje nep re ciz nos ti unu tar se ri je (N = 20) i nep re ciz no st iz među se ri ja (N = 30), ne točno st (N = 30) i us po re dbu me to da 
sa ru tin skim ana li za to rom (Bec kman Coul ter AU640) (N = 50). Za va li da ci ju cje lo kup nog ana li tičkog pro ce sa iz računa li smo ukup nu pog r ješku 
(en gl. to tal er ror, TE). Re zul ta ti su oci je nje ni pre ma preporučenim kri te ri ji ma Rad ne sku pi ne Eu rop ske sku pi ne za proc je nu rea gen sa i ana li tičkih 
sus ta va u la bo ra to rij skoj me di ci ni (en gl. Euro pean Group for the eva lua tion of rea gen ts and ana lyti cal syste ms in la bo ra to ry me di ci ne).
Re zul ta ti: Koe fi  ci jen ti va ri ja ci je za nep re ciz no st unu tar se ri je za sve ana li te bi li su ma nji od 5%, osim za ko les te rol, trig li ce ri de, IgA i IgM. Koe fi  ci jen ti 
va ri ja ci je za nep re ciz no st između se ri ja za sve ana li te bi li su ma nji od 10%. Sljedeći ana li ti ni su za do vo lji li tražene spe ci fi  ka ci je za nep re ciz no st: ukup ni 
pro teini, al bu mini, kal cij, nat rij, klo ridi, imunog lo bu li ni i HDL ko les te rol. Ana li ti ko ji ni su za do vo lji li zah tje ve za ne točno st su: ukup ni pro teini, kal cij, 
nat rij i klo ridi. Ana li ti ko ji su od stu pa li od preporučenih kriterija za ukup nu pog r ješku: ukup ni pro teini, al bu mini, kal cij, nat rij, klo ridi i IgM. Pas si ng-
Bab lokovom reg re sij skom ana li zom do bi ve na je li near na jed na džba i 95%-ni in ter val pouz da nos ti za od sječak i na gib. Kod od ređiva nja ma log bro ja 
ana li ta došlo je do pot pu nog po du da ra nja s re zul ta ti ma do bi ve nih na ru tin skom ana li za to ru Bec kman Coul ter AU640. Kod od ređiva nja dru gih ana li ta 
pos to ja la je ma la pro por cio nal na i/ili ma la stal na raz li ka u mje re nji ma, što znači da je pot reb na pri la god ba pri je uvođenja u ru tin ski rad.
Zak ljučak: Te me ljem nis kih koe fi  ci jen ta va ri ja ci je može se zak ljučiti da is pi ta ni ana li za tor ima za do vo lja va juću točnost i pre ciz no st te da je izu-
zet no sta bi lan. Osim za od ređiva nje ana li ta čiji su re zul ta ti suk lad ni na oba ana li za to ra, za od ređiva nje ne kih ana li ta pot reb no je učini ti ne ke pri-
la god be ka ko bi se pos tig lo po tpuno po du da ra nje pri je uvođenja u ru tin ski rad.
Ključne ri ječi: ana li tička va li da ci ja; ke mij ske ana li tičke teh ni ke; ana li za tor Co bas 6000; Pas si ng-Bab lo ckova reg re si ja, ukupna pogrješka




