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Summary.

Tiraceability inr clinicall enzymology.

Present sitUation of reference: intervals in
clinicall enzymology.

The IFCC project: for' the definition of
COMMOn! reference intervals

s [heory

5 Some preliminary data
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Traceability of the catalytic
concentrations off enzymes

[FOr EnZy/Me; Measurements, the definition of
the derived coherent: SI unit “mole per
second cubic metre®, alsercalled “katal per
cUbIC metres, Is the tep off ther hierarchy.
fellowed by’ ar primary. ieference
measurement: precedure te whichrlower level
measureEMent procedures; calibrators, and
controlfmaterials shoularbe traced Whenever
possible.
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Traceability of the catalytic
concentrations off enzymes

Results o catalytic concentration measurements; are
only: comparable’ ifi the enzyme activities are
measured under the same conditions., Therefore, an
enzyme, measuranadl cannot be described only by kind
off gquantity, name off enzyme and ofi system, but
feduires alsor the specifiedi measurement precedure
and especially’ the indicator' component of the
measured reaction; €.d. creatine kinase measured: by,
the conversion rate of NADH in; the IFCC reference
mMeasurement: procedure:.
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1ISO 18153

ORGANISATION INTERNATIOMALE DE MORMALISATION

In vitro diagnostic medical devices — Measurement of
quantities in samples of biological origin — Metrological

traceability of values for catalytic concentration of

enzymes assigned to calibrators and control materials
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METROLOGICAL TRACEABILITY

Calibration ~ Uncertainty

Material Value assignment.~ Procedure Responsibility u.(y)
1 Definitiqn CGPM ]
of Sl Unit _
——— |2 Primary Ref.| |og ]
3 Primary Meas. Proc.
i |I0s —
calibrator

4 Secondary | NmI, ARML

5 Secondary / Ret..M..Proc, _
calibrator \ ARML, ML
6 Manufact. ML _

7 Manufact. |, — | Selected Proc. "

Working calib.
\ 8 Manufact. ML

9 Manufact. /Standing meth. L

Product calib.

10 End-user CLIN. LAB.

Routine | —— ({iGllinemethod . = ..
sample T o

IRESULT CLIN. LAB. 3
F. Ceriotti - May 2009 - Labkvalita EN ISO 18153: 2003, Fig 1




Elements of the Reference
MEaSUrEMERL System

Refierence methods
Reference materials

Network(s) off reference
laberateries
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Existing Reference Systems fior

ENzZymes
Referenece Viethed ReRViateral

AST | Clin Chem Lab Med 2002;40:725-33 IRMM/IFCC 457
AL T |Clin Chem Lab Med 2002;40:718-24 IRMM/IFCC 454
v& 1} |Clin Chem Lab Med 2002;40:734-38 IRMM/IFCC 452
"D | Clin Chem Lab Med 2002;40:643-48 IRMM/IFCC 453

CK | Clin Chem Lab Med 2002;40:635-42 IRMM/IFCC 455
AN | Clin Chem Lab Med 2006;44:1146-55 |  IRMM/IFCC 456

AL | In preparation

In preparation
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Enzyme, reference, laboratories

C1RMS1

CIRME (Centro Interdipartimentale di Ricerca Sulla Riferibilita’
Metrologica in Medicina di Laboratorio - Universita’ di Milano), Italy
Contact person: Prof. Mauro Panteghini mauro.panteghini@unimi.it

C1RMS146

DGKL (Reference Institut of the German Society of Clinical Chemistry
and Laboratory Medicine), Germany

Contact person: Prof. Dr. G. Schumann schumann.gerhard@mh-
hannover.de

C1RMS107

Instand e.V., Germany
Contact person: Prof. Dr. H. Reinauer Email: reinauer@instand-ev.de

C1RMS61

KCHL HagaZiekenhuis (Klinisch Chemisch en Hematologisch
Laboratorium HagaZiekenhuis), The Netherlands
Contact person: Dr. P.F.H. Franck p.franck@hagaziekenhuis.nl

C1RMS54

Laboraf (Diagnostica e Ricerca San Raffaele S.p.A.), Italy
Contact person: Dr Ferruccio Ceriotti ceriotti.ferruccio@hsr.it
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Key for traceability in clinical
enzymology.

SpEecIfic reuting metheds
Commutable calibrators

B T
ImprevemenitinrcomparaIaniiiGy,

ainmeny 2erateiEs
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Consequences off R.I. not inline with

the adopted method
Wrong patientsl CIaSSiﬁCation Ferard et al. CCLM 2005,43:549

Table 2 Inter-laboratory wvariation of patient results and of results expressed in multiples of the upper reference limit for
routine procedures.

Laboratorny Mean, U/L {range) URL= Multiples
AST Femnale Male of URL®
@burﬂtnr\f 1= 40,7 £27.9 112-119} 31 31 0.94 |
Laboratory 2 51.6+36.8 (15—-159) 31 31 1.18
| Laboratory 3¢ 42.6+28.6 (15-122) 35 40 0.64 |
Laboratory 4 43.2+34.8 (18-143) 35 40 075
Laboratory & 47.04+33.5 (12-143) 31 31 0.97
Laboratory 6 49,4 +33.8 (15-148) 31 31 1.02
Laboratory 7 50.3 £35.7 (20-149) 30 40 1.60
Laboratory 8 16.04+34.9 (12-143) 31 K151 1.08
Laboratory 9 60.2+33.6 (16-147) 32 36 1.03
Laboratorny 10 60.3£36.7 (16-148) 35 45 (.94
Laboratony 11 B2.0+35.65 (19-158) 32 K151 0.89
Laboratony 12 B5.8x£37.2 (18-166) 27 32 1.26
Laboratorny 13 B4.6X36.9 (17-162) 27 32 1.27
Mean, UL 16.7 0.99
Mumber of procedures 13 13

sSD, UL 4,60 0.18
CV, % 9.85 18.5

* URL: upper limit of reference values used by the laboratory. " Performed with reagents without pyridoxal-5'-phosphate.
Results were significantly lower {p<0.0001) when compared to those obtained in laboratories 2 and 4.
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Reasons for different R.I.

he reguirement that each laboratory: defines
s ewnI RAI:: mEethod-dependent  resuliis

Changes! in methedology: not accompanied by
RUT. modification

Adoeption off R.I. preposed by the
manuiactures; (Seurces often not declared)

Adoption: of literature datar (WIthout any:
critical appraisal)
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The definition of

Common Reference
Intervals

could be; the solution te
OVErcOme these problems




Rationale for common reference
intervals

With: ar good levell of standardization enly
population: differences; justify: different: R.1.

The; tse of the "old™ reference intervals
withrthe “news metiods can impair the
clinical interpretation off the results

ihe absence of reliable reference Intervals
for' the newly: standardized methoas
Nampers thelr adoption
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Multicenter studies, possible
APProaches

Eachi center;, properly: standardized,
analyzesiits own fresh samples

ihe samples are collectedt in the
diffierent: centers; frezen and shipped to
al central laporatery where, allFthe
analyses are perfermed
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Organization off Multicenter
Reference Intervals Studies

Appreach 1:

enly: clinical laboerateries using metheds for WhIch the
traceability, tor primary: reference; methodsiand' /- or
material isi clearly: stateal by, the manufiactures; ;

goals for maximal allowable Interlaboratery Variapility i.e:
maximum: allowable bias must be statedla priori and
Verified 1n a preliminary. experiment:;

the analytical' quality during the collection| of reference
valties must be monitered careftlly, by an ad hec quality,
control program.

. Ceriotti - May 2009 - Labkvalita Slevakia



Multicenter reference intervals studies

Preparation off the material for tileness
— tiraceaility, control

5 Serum poolsi(2 or' 3 levels) at borderline
concentration, minimally’ processead
(filtering, freezing at -80°C);

5| Value assignment by al reference method
POSSIbIY By a network ofi at least two
ieference; laboratoeries according tora defined
protocoll (three batches, tWwoi or three
ieplicate measurements per batch);
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IFCC experiment fior AST, AL
and GGT reference values




Trueness material Level 1: value

aSSIgRMENL

—~ 46
=
i T 10 D
S A2 ‘ ---------------- e e R
:4% 40 1 i ----------------- | -------------------------- : -------- | -------------------- | | I -----
0 LS 00000 000000 B S R RER ot [
O 86 e e
s e e e
L R R e e o B e e e e R

C{0)

ERS oo SR [ ¥ XS ey A oK)

V= NG Vg, 0 o, o ?9 O ) 0(9

. Ceriotti - May 2009 - Labkvalita Slevakia



Trueness material Level 2: value
ASSIGRMERL

Catalytic activity (U/L)
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Trueness material Level 3: value
ASSIGRMERL
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ALT, trueness materials
commutanility

ALT (U/L)
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Reference method (U/L)
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ALT, trueness materials
commutanility

¢ Pools
m Lyoph.
m Trueness

o
=)
=
@
%)
S
Q
S
>
®)

100,0 150,0 200,0 250,0
Reference method(U/L)

. Ceriotti - May 2009 - Labkvalita Slevakia



Multicenter reference intervals studies

Verification off trlleEnessiand precision: of
the participating Iaberatories
s Sl replicate measurements' in'5 different

ftns, (I relevant withr diffierent: calibrations)
(total off 15 results per laboeratory);
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Analyticall performances during the
preliminary; phase

ALT

AST

GGT

Lev 1

Lev 2

Lev 3

lev 1

Lev 2

Lev 3

Lev 1

Lev 2

Lev 3

Labl

2,3%

2,1%

1,7%

2,0%

0,9%

0,7%

4,.8%

1,7%

1,7%

Lab?2

3,7%

2,0%

1,5%

2,5%

0,9%

0,9%

3,4%

3,2%

2,4%

Lab3

4,8%

3,7%

2,5%

1,8%

1,3%

1,5%

1,5%

0,7%

0,7%

Lab4

0,7%

0,6%

0,7%

0,7%

0,9%

0,8%

2,0%

0,8%

0,5%
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y = 1,0653x - 4,0854
R? = 0,9995
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Reference method (U/L)
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Multicenter reference intervals studies

Selection ofi reference: individuals and
MeasurEMERt of the samples.

Calculation of the reference intervals
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Multicenter R.I. study AST, ALT,
GG — reference pepulation —

Males Females
African | Caucasian Asian African | Caucasian Asian
<10 years 10 30 15 10 30 15
10— 20y 15 Z10) 20 15 40 20
20—40y Z10) 60 45 40 60 45
40— 60 vy Z10) 60 50 40 60 50
60 — 80y 15 40 20 15 40 20

In total 1000 subjects: 240 African, 460 Caucasian and 300 Asian subjects. [Four
laboratories in Europe, 3 in Asia and 3 in US collecting preferentially samples
from African — American people].
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Exclusion criteria

Diabetes mellitus type 1 and type 2
Myepathies

BUrns and muscle traumas
Hypothyreidism

Chronic nephropathies

AcUte and chroniciiniection
IHepate-biliary: diseases

Therapeutic drtigs with influence on serum and plasma enzyme
concentration (e:g. Warfiarin, antiepileptics, diphenylhydantoin,
aminepyrin, antidepressants, analgesics).

AntibIetics

Pregnancy.

BMI >30

IHeavy: exercise in| the previeus days
Alcohel > 30 gramsi per day
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Exclusion criteria — laboratory: tests

Fasting Glucese > 126 mg/dll (7.0 mmol/L)

Creatinine > 0.2 mg/dl aboeve URL

CK > 300 U/L

CRP > 12 mg/L

UA > 8.00mg/dl (475 pmel/L)

NG > 200 mgy/dii(2.26: mmol/L)

Choll > 260 mg/dl (6.7 mmol/L)

Albumin < 32g/L

Erys (RBC) < 4.0/ + > 5.5 mil/pL (males), < 3.4 + > 5.2 mil/pL (females)
Hb < 13'g/dl (130 g/L)(males), < 11 g/dl (110 g/L) (females)

WBC < 3000/l + > 12000 /ul

PLT < 100 /nl

Hematocrit (HCT) < 42 + > 52% (males), < 37 + > 47% (females)
MCV: < 801+ > 96 fil.

HB  surface antigen: Positive

IgG antibodies anti HB' core antigen: Positive

Anti' HCV antiboedies Positive
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num.of subjects

mFemales
m Males
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Preliminary reference intervals:
Caucasians (Italy: + Nordic, 550 subjects)

Present Rustad | Schumann

study’ (NORIP) | (Clin Chim Acta)
F13—-33 |F15-35| F< 31
AST (U/L) M 15 -38 | M 15 - 45 |V|<<35
F8—42 | F8-46| F<34
ALT (U/L) M 10 -52 |M 10 - 68 |V|<<45
F8—37* - F <38
GGT (U/L) M 14 - 57> I|:/| :]l-g—gg |V|<<55

(* Italy only, cumulative F9 — 50, M 13 — 82 U/L)
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Conclusions

Our werk Is stilllengeing and' the practical problems to
SEIVe| alé NUMEerous.

ihe number off subjects per center has to) be; suificiently
dreat;, otherwise statistical diffierences among| CENters
are expected

GGIlF upper referencellimit is a puzzling preblem,, clearly
al subseti of subjects with: higher values exists, but are
they: really: “noermal™?

IHowever: the possibility, oif providing referenceintervals
applicable By any: laboratory: (able tor preduce; resuits
traceable; to the reference measurement procedure)
seems; guite realistic (at least for Caucasians), but
perhaps not for' allf the enzymes.
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