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Summary: Reference methods, äs part of a reference System, are essential for improving the accuracy of
routine methods. They can help to establish worldwide compatibility of clinical chemical measurements and
they provide an objective basis for quality control measures. The subject of analytical errors is treated in
detail, then the concept of reference methods is developed. This review emphasizes the fundamental metrol-
ogical aspects of reference methods and reference measurement technology. An overview is given of the most
important analytical principles used for reference methods in clinical chemistry. The particular problems of
reference methods for the determination of the catalytic activity concentration of enzymes are outside the
scope of this review.

Introduction

Due to the development of methods and technology
in recent decades, clinical chemical investigations have
become very much faster and simpler. The improve-
ment of the analytical reliability has not kept up with
this technological advance.

The main problem is the poor comparability of the
results of different laboratories and the application
of different methods. The cause is the inadequate
accuracy of many analytical methods.

The introduction of automated analysis Systems has
tended to make the problem even greater. Although
many of these apparatuses can make precise meas-
urements, the accuracy of the results is still not sat-
isfactory. The inadequate aceuracy of modern analysis
Systems is due to the iricorrect metrological structure
of the measurement Systems. For example, calibration
with primary Standards or certified reference materials
is not possible with many Instruments. In addition,
most of the aforementioned automated analysis sys-
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tems today are equivalent to a "black box", i.e. the
user is denied any Intervention and any control of the
measurement procedure, in particular the separate
stages.

For medical and economic reasons, it is absolutely
essential to improve the accuracy of the methods and
thus obtain better comparability of the results. The
efforts which the national Systems for quality assur-
ance have been making for many years to improve
the accuracy have had only a limited success. Many
different methods for the same quantity exist side by
side, and produce results which are hardly or not at
all comparable. One solution of the problem is to
construct a reference System from reference methods
and reference materials, with which the accuracy of
routine methods can be reliably determined. This con-
cept goes back to the pioneering work of the U. S.
National Bureau of Standards (NBS, now: National
Institute for Standards and Technology (NIST),
Gaithersburg MD) in the early seventies (1—5). The
concept was developed during the seventies (see for
example the Conference report of the Atlanta Confer-
ences in 1973 (6) and 1978 (7)) by the NBS in coop-
eration with the International Federation of Clinical
Chemistry (8) and institutions like the Center of Dis-
ease Control (Atlanta, Ga.), the Community Bureau
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of Reference (BCR) of the European Community and
several Professional societies (9). Various countries,
such äs the United States (10) and the Federal Re-
public of Germany have built up their own national
reference Systems (11). In the Federal Republic of
Germany since 1988 the reference System has been
the basis of the official System of quality assurance,
which is binding for all physicians (12).

The goals of a reference System in clinical chemistry
are the following:

1. to establish worldwide compatibility of clinical
chemical measurements,

2. to enable the evaluation of performance of routine
laboratories on an objective basis within Systems
for quality control and quality assurance,

3. to permit the evaluation of accuracy of analytical
Systems for routine use.

The term compatibility which is used in metrology2)
means the correspondence between measuring meth-
ods (13). The analytical results of compatible methods
have a similar error structure. Thus, for a particular
quantity, compatible methods give closely agreeing
results within estimatable error limits.

!
Measurement

procedure
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Quantity and unit

1
Reference material

|
Reference method

- Measuring.function

Resultof measurement

Fig. 1. The measuring System.

Concept of the Metrologically Correct Measuring Sys-
tem (14)

The aim of a measurement is the quantitative deter-
mination of a property (fig. 1), in clinical chemical
analysis for instance a property of the material being
investigated, e. g. serum. For the measurement, firstly
a suitable quantity expressing the property to be meas-
ured must be defined. By choosing a unit, the scale
on which the measurement result is to be represented
can be fixed. Finally, the measurement procedure
converts the property to be measured to a signal which

2) Metrology is defined äs the field of knowledge concerned
with measurement (17))

furnishes the value either directly or by means of a
calibration. The product of value and unit is the
desired quantity.

It is crucially important for establishing objectively
correct and thus universally comparable measure-
ments that all measurements be converted to the In-
ternational Unit System (Systeme International
d'Unites (SI), for the use of SI units in Clinical Chem-
istry see I.e. (15)). If the measurement procedure
furnishes a base unit of the unit System directly this
conversion presents no problem at all. Such measure*
ments may be carried out äs "absolute" measurements
(16). However, in the case of many measurements,
particularly in chemical analyses, direct conversion is
not possible. In this case the signal measured is linked
to the unit by an empirical calibration. For example,
in a photometric concentration determination, the
logarithmic signal fatio, the absorbance, must be re-
lated to the desired concentration of the substance
amount.

This is done by the empirically determined analytical
calibration function

R=/(q)

where R == response (signal) and q = quantity to be
measured, or by its inverse, the analytical measuring
function

q=/(R)

The calibration thus provides a "realizatioh" or em-
bodiment of the selected'unit.

As regards the accuracy of the measurement carried
out, the calibration is a particularly critical Step of
the entire measuring Operation. In chemical analyses,
reference materials embodying the analyte to be de-
termined in an exactly defined form are necessary for
correct calibration. A measurement procedure for a
defined quantity and unit, calibrated with reference
materials, will be referred to äs metrologically correct.

Measurement Error

Extensive freedom from measurement errors is of
decisive importarice to the concept of a reference
System. Therefore, before turning to the refereiice
methods we shall introduce and explain the concept
of errors in measurements (for a mpre detailed treat-
ment of this subject see I.e., o.e. (18 — 21)).

The assumption of an error in a measurement pre-
sumes that a "true value" exists for the quantity to be
measured. This "true value",,Bowever, fundamentally
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cannot be exactly determined by a measurement. Dor-
sey has introduced (17) the concept "quaesitum" in
order to avoid the problematical term "true value".
The quaesitum of the investigation is the actual value
of the quantity.
The "true value" can be set by definition, s has been
done with the internationally agreed base units for
measurement. For practical purposes an operational
definition is helpful, s proposed by Uriano & Cali
(14): "The true value of a proper ty is that value that
can ultimately be traced to the base or derived units of
measurement through experiments having no systematic
errors (or with systematic error small relative to prac-
tical end-use requirement)".
For an error in measurements we can use an additive
model (21) s explained in table 1. According to this
model, various error components which may have
positive or negative values are added onto the "true
value" of the quantity to be measured. Of these com-
ponents, a distinction may be made between the con-
stant and variable ones. The important point is that
some of these error components can be avoided by
suitable experimental Steps but that others are una-
voidable. In analytical chemistry, to simplify matters
a distinction is made usually only between systematic
and random errors. It must however be pointed out
that the systqrnatic error can consist of both constant
and variable components. In developing his quality
control concept Shewhart drew attention to the fact
that by accurate analysis of a measuring System the
variable component of the error can to some extent
be assigned to specific causes and thus possibly
avoided (22). He referred to "assignable causes of
error" (23). Examples are for instance the time-de-
pendent Variation of a quantity with temperature, air
pressure or humidity. The time-dependent change in
a reagent solutipn or the aging of a component of the
measuring Instrument may also ca se such errors. By
careful error analysis these errors may be detected
and eliminated. There then 'remains the error which
according to Shewhart is due to the "constant System
of change causes", This System can be described in
the following way: The probability P that the value χ
lies in the limits (x + dx) and (x — dx) is a function
of χ and various unknown parameters λι, λ2, ...λη

P((x + dx)
f(x, λ],

> χ > (χ - dx))
α, λ3,...λη).

Shewhart calls this System "constant" because it is not
dependent on time. This error will be referred to s
"random error". It is usual to describe the random
error s "imprecision" (24) by a suitable measure of
dispersion (e. g. the Standard deviation). Of course,

Tab. 1. Error model of analytical measurements.

Limiting mean = lim x = χτ -l· Δ
-co

(n = mimber of measurements)

"true
value"

error avoidable
portion
of error

Systematic error Random error
Δ = constant portion ("bias") vr = random Variation
vnr = non-random Variation

("assignable causes
of error")

m = gross error, mistake

("constant System
of chance causes")

the "gross errors" which should not occur in an anal-
ysis carried out by an experienced analyst in accord-
ance with an exact protocol can also be avoided.

Of particular significance to our problem is the con-
stant portion of the error which is usually referred to
s "systematic error" but for which to avoid ambiguity

we shall choose the term "bias". The bias is a measure
of the inaccuracy of a measurement. However, in the
experimental determination of the bias, which will be
discussed later, account must be taken of the random
error. It is only after an infinitely large number of
individual measurements that the so-called "limiting
mean" (25) (see tab. 1) is reached, i.e. an expectation
value for the quantity then only made up of the "true
value" and the bias because the random error tends
asymptotically to zero. Dorsey has defined the "lim-
iting mean" in the following way (28):

"the mean ofafamily of measurements — ofa number
of measurements for a given quantity carried out by
the same apparatus, procedure, and observer — ap-
proaches a definite value s the number of measure-
ments is inde nitely increased. Otherwise, they could
not properly called measurements ofa given quantity".
Therefore the bias can be defined s the difference
between the limiting mean and the true value (see
tab.l)

Δ = lim x — XT
/l—*00

With a finite number of individual measurements,
statistical methods must be employed to estimate the
bias. In clinical chemistry, usually the bias is employed
s a measure of the systematic errors without taking

account of the imprecision, and i t is referred to s
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"inaccuracy" (24). To conclude this brief considera-
tion of errors, it is further pointed out that the error
components referred to depend on various factors,
for example the magnitude of the value and the matrix
of the material investigated.

Definitive Methods and Reference Methods

When introducing the concept of a metrologically
correct measuring System, we pointed out that for
correct measurements the values must be traced back
to the defmed units of the unit System (SI). Exceptions
are the methods, not unusual in medical investiga-
tions, whose results for various reasons are converted
to arbitrarily defined units, e. g. methods in coagula-
tion analysis. But even for quantities defined in SI
units, it can be difficult to relate the analytical values
directly to SI units if routine methods are used. There-
fore exactly defined materials must be used for the
calibration and these are referred to äs reference ma-
terials (for the concept of reference materials see I.e.,
o. c. (l, 4, 26)). In these reference materials the quan-
tity of interest is determined by methods of verifiably
high accuracy. In this manner a routine method can
be coupled with or related to the unit System.

It has been found expedient to carry out this process
of establishing the relationship to the unit System Step
by step, using successively methods of different reli-
ability. These methods are referred to äs "reference
methods" and "definitive methods" (24). This gives a
hierarchy of methods (14, 24) (fig. 2) at the apex of
which the experimental realization of the units of
measurement themselves is found. As far äs possible,
definitive methods should be directly linked to the
basic ugits of the International Unit System (SI).
However, in chemical analysis such an "absolute"
measurement is possible only in exceptional cases.

V Routine methods

\ Reference methods /

\ Definitive /
\ methods /

7
Bias [%]

ca. 5 to10

ca. 1 to 3

ca. 0.1 to 1

SJunits ca,10-8

-Bias ·

Fig. 2. The hierarchy of measurement methods (according to
Uriano & Cali (13)).

The term "definitive method" can be defined äs fol-
lows: "A method which öfter exhaustive investigation
is found to have no known source of inaccuracy or

ambiguity" (24) (for a discussion of this definition see
I.e. (7, 27 — 30)). The decisive factor in the suitability
of a method äs a definitive method is the abseiice of
systematic errors.

The experimental expenditure and effort for definitive
methods is great. As Cali said (5): "A definitive method
usually involves complex, costlyf and highly sophisti-
cated Instrumentation manned by highly skilled and
trained scientific specialists. The Instruments and per-
sonnelfor the development of definitive methods existt
liierally, in only a smallnumber of laboratories through-
out the world".

For this reason these laboratories should be used
primarily for the analysis of " Certifled Reference Ma-
terial" (CRM).

For the analysis of materials for the calibration and
control of routine methods, primarily "reference
methods" are used, which involve less effort and ex-
penditure than the definitive methods.

A definition of the reference method is given by the
NBS: "A reference method is an analytical method
whose inaccuracy and imprecision are small enough, äs
demonstrated by direct comparison with the definitive
method, and whose low incidence of susceptibility to
known interferences is thoroughly documented that the
stated end-purpose of the reference method may be
achieved" (31) (another definition is given in an IFCC
recommendation from 1978 (24)). The crucial pqint
is the experimental proof that the inaccuracy of a
reference method does not exceed certain error limits
governed by the reference System.

Analytical Principles for Reference Methods

The definition of the concept "reference method" em-
phasizes the high accuracy and precision and the low
susceptibility to disturbing intefferences. It follows
from this that when developing a reference method
very careful consideration must be given to choice of
the analytical principle which can be employed. In
the case of many quantities, the great proneness to
error of the routine methods üsual in clinical chem-
istry make it necessary to choose for a reference
method an analytical principle different from that
employed in the routine method.

A systematic discussion of the reference methods
available today would go beyond the scope of this
review (see for example the review given by Uriano &
Gravatt (32)) and for this reason table 2 is intended
to give a short overview of the most important ana-

lytical principles which are used for definitive or ref-
erence methods. In this overyjew we should observe
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Tab. 2. Analytical principles proposed for reference methods in clinical chemistry

Method principle Analyte

ID-MS, ID-GC-MS

Potentiometry
Coulometry
Flame cmission photometry
Atomic absorption spectrometry
Absorption photometry

Gas chromatography
High precision liquid chromatography
High precision ionic chroraatography
I so tachop horesis
Ion exchange — gravimetry

Ca (2, 57), K (41, 58), cholesterol (59-64), glucose (65-67), creatinine (68, 69),
urea (70), uric acid (71-73), glycerol (74), oxalate (75), steroids (76-82, 72),
thyroxine (83, 84), clomipramine (85)

pH (86, 87)
Cl (88)
K (41), Na (89, 90)
Ca (2, 91), Mg (92), Li (93), Ni (94)
haemoglobin (95, 96), bilirubin (97), cholesterol (98, 99), protein (100), urea

(101), uric acid (102), glucose (103, 50)
cholesterol (60, 104), crealinine (105), antiepileptic drugs (106)
uric acid (107, 108, 73), creatinine (109), digoxine (110), oxalate (111)
inorganic phosphate (112)
Na (l 13)
Na (90)

that the principle of isotope dilution combined with
mass spectrometry (ID-MS) has proved to be partic-
ularly suitable above all for the determination of
organic substances. Recent reviews on this subject
were given by de Leenheer et al. (33) and Siekmann
(34). Particular problems arise for reference methods
for the determination of the catalytic activity concen-
tration of enzyme (35). A discussion of this point is
outside the scope of this review.

Metrological Aspects in the Development and Use of
Reference Methods

Reference methods differ from routine methods not
only with regard to the arialytical principles employed.
Metrological aspects, with which we shall deal in
somewhat more detail, are of central significance both
in the development and in the execution of reference
methods. Firstly, a few hints will be given for the
metrologically cprrect structure of a reference method
and then various problems encountered in the use of
reference methods will be discussed.

The main aspect of a reference method is the careful
investigation and monitoring of the errors. In partic-
ular, the inaccuracy should be kept äs small äs pos-
sible. This leads us to the question of how the bias,
i. e. the systematic error, can be detected and quan-
tified. The comparison, usual in the routine labora-
tory, of one method with another by parallel deter-
minations and statistical evaluation of the data by
means of simple regression analysis cannot be applied
to the estimation of the bias. Apart from the fact that
the bias of the comparison method is generally no
more known than that of the method to be tested,
the regression analysis (even when usmg structure
relation models, e.g. principal coinponent analysis
(for a detailed description see Feldmann et al. (36))
furnishes only data on the random errors. For this

reason the approach proposed by Carey et al. (37)
comparing a method with a "battery of well-accepted
methods" should not be used in a reference System
which is designed according to metrological princi-
ples.

Two methods are available for determining the bias
of reference methods, and äs far äs possible they
should be used in combination:

1. the empirical method by analysis of reference ma-
terials,

2. the theoretical method of combining the errors of
individual measurement Steps.

The empirical method is obligatory for reference
methods. It is essential to have suitable reference
materials which äs far äs possible have been analysed
with a definitive method, otherwise with another ap-
proved reference method. If no reference materials
are available it cannot be proved that the accuracy
of the method to be tested is adequate. John Mandel
has put it in the following way: "The evaluation of
accuracy in absence of reference value is an educated
guess" (38). Reference materials can be analysed äs
such to determine the bias of the method to be tested,
or they can be introduced into a biological matrix,
for example in recovery experiments. Matrix-contain-
ing certified reference materials, such äs the human
serum SRM 909 of NIST, are also helpful.

The evaluation of the measurement results on refer-
ence materials, taking account of their dispersion,
gives an estimate of the bias, for example a confidence
interval which with the predefined probability in-
cludes the actual bias

s s
(Xm - XT) - t -= < < (Xra - XT) + t -7=

l/n l/n

where = bias, xm = niean, = k'true value". s
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Fig. 3. Confidence interval of bias (Example: determination of
glucose (SRM 909) using ID-MS reference raethod
(67)). Hatched lines = 95% confidence interval; Δ =
0.023; s = 1.301.

= Standard deviation, n = nuraber of measurements,
and t = Student factor. An example is shown in
figureS.
The theoretical method for determining the bias is
based on a careful analysis of the errors of the indi-
vidual measurement Steps. The bias may be deduced
from these errors by application of the error propa-
gation law (39). Like most chemical analyses, reference
methods are combinations of different measurements,
for example of the mass, the volume or the light
emission. The bias can be estimated for these individ-
ual measurements. This will be illustrated with the
aid of a simple example (fig. 4). When using calibrated
balances, pipettes and Volumetrie flasks for preparing
Standard Solutions s employed in the calibration the
bias of the weighed quantity, the Volumetrie solution
or the dilution is known. From this, the bias of the
Standard Solutions can be calculated. An upper limit
of the bias ("maximum bias") can be determined on
the basis of the general calibration error limits for
official calibrated Instruments given in the official
weights and measures regulations (40).

o.e

~S?

OA

0.2

0.0

Total

Standardsolution

Stocksolution
Dilution

1 2 3
Component of bias

Fig. 4. Bias of calibration procedure (reference method potas-
sium (NBS/NIST)).

In most cases a chemical analysis method is a very
complex process which is made up of a large number
of individual measuring operations (e.g. specimen
aliquotting and dilution, reagent(s) addition, time and
temperature setting, calibration and the measuring of
the signal which is generated by the transducer for
the specimen and the blank). For more complex meth-
ods the bias of the overall procedure can only be
estimated rpughly by the theoretical method.

When developing a reference method, very particular
care must be paid to designing the prot col of the
method. The objective is to devise a test design which
largely excludes possible squrces of error. We have
already pointed out, when discussing the general error
model, that the part of the variable errors which can
be assigned to specific causes can be avoided. As an
example, the Volumetrie temperature error may be
mentioned. The test design should ensure that variable
errors are due exclusively to the unavoidable "constant
system of chance causes". As an example, reference is
made to the test design which has been developed on
the basis of experience in the development of the
classical reference procedure for •potassium determi-
nation in serum by flame photometry (fig. 5) (41).

Calibration

KCIstock solution 1
5.96g/l

6 Standard Solutions
c = 0.96...8.00 mmol/l

1 measurement each

P2'

1 measurement each

Fig. 5. Design of reference method for potassium (NBS/NIST)
(41). D = day; A = Aliquot; M = measurement.
5.96 g/l = 80.0 mmol/l KCI

When developing a reference method, particular at-
tention must be devoted to the calibration also. In
reference methods it is absolutely essential to observe
the basic analytical principle of calibration with pri-
mary, matrix-free Standard Solutions. Suitable refer-
ence material must be sed for the calibration. A
reference method without reference material is not cor-

*rect metrologically. In the case of chemical analyses
the reference material must cqnsist of the respeetive
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analyte in ultrapure form, since otherwise no reference
to the "true" substance amount is possible. To develop
such reference materials, generally a definite method
is unavoidable. Attention has already been drawn to
the bias in the preparation of Standard Solutions. The
stability of the Standard Solutions may also be critical.

In many physical and chemical methods, due to cer-
tain systematic errors nonlinear calibration functions
are observed which result in a bias of a magnitude
that is frequently difficult to estimate. This applies
for example to methods like flame emission photom-
etry and atomic absorption spectrometry and even to
the isotope dilution-mass spectrometry method (due
to the contribution of natural isotopes of the non-
labelled analyte to the recording of the labelled inter-
nal Standard). To keep the bias äs small äs possible,
a nonlinear calibration function äs well the method
of "bracketing" with linear Interpolation is employed
(2). This is illustrated in figure 6. Yap et al. (42)
discussed the use of non-linear models for bracketing;
for more complex mathematical methods see the pa-
per by Schwanz (43).

Response

Fig. 6. Linear Interpolation of measuring function.
C2 — Ctcx = d + (Rx - Ri) R 2 -Ri

In the development of a reference method for biolog-
ical samples äs investigated in clinical chemistry, par-
ticular attention müst be paid to ensuring that the
complex composition of the samples does not lead to
errors due to interference or matrix effects. Serum,
for example, is a complex microheterogeneous System
containing hundreds of components. The detection
and elimination of the errors resulting from this is in
no way trivial and requires all the skill and experience
of the analyst. One way to eliminate interferences by
other components is to use high resolution Separation
procedures like gas chromatography combined with
quantification of losses by isotope dilution äs in the
ID-GC-MS technique. The estimation of the error

resulting from interferences is difficult. An error
model can be developed if the sample to be analysed
is considered äs a multicomponent System with inter-
actions between the components. A short Illustration
is given in table 3. Using the first terms of a Taylor
series the general analytical calibration function can
be approximated by a set of linear equations (44, 45).
It is then possible to estimate the constant factors of
these equations by multiple regression analysis of a
set of experimental data. This model was used by
Kroll et al. (46). A more general approach is the
"Generalized Standard addition method" proposed by
Saxberg & Kowalski (47, 48).

Tab. 3. General analytical calibration function with interfer-
ences.

R = /o(fo) + ... c„)

Additive
interference term

Multiplicative
interference term

Examples

Signal component
of interferent

Optical
interference
Poor resolution
(Chromatographie
Separation)

Inhibition or
enhancement of
detection reaction
Reagent consumption
by interferent
Reaction
analyte-interferent

R = response, signal
c0 = concentration of analyte
cl9 c2 ... = concentration of components

A decisive Step in the development of a reference
method is the transferability test. The method devel-
oped must also be executable in other laboratories
with the same reliability äs in the laboratory of the
developer. The transferability is investigated in a study
which is in principle designed in a manner similar to
a interlaboratory test in quality control. Examples of
well designed transferability tests are the studies on
reference methods for calcium (49), glucose (50) and
cholesterol (51). With such a study i t can, for example,
be recognized whether the protocol designed is de-
tailed enough to avoid any additional error sources
and whether the description of the individual Steps is
understandable and clear. The statistical evaluation
of the data obtained (e. g. by analysis of variance)
furnishes reliable information on the errors of the new
method.
In contrast to a routine method, a reference method
requires careful control also during the measurement
proeedure. This control should encompass two meas-
ures. Firstly, a procedure similar to the conventional
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Tab. 4. Performance criteria ofmeasuring device.

Stability check of photomeler
e: Reference method for protein (CDC/NBS) (100)

Absorbance of blank:
drift absorbance/h g ± 0.002

Stability check of flame photometer
Example: Reference method for polassium (NBS) (41)

Check AAS Instrument
Example: Reference method for calcium (NBS/BCR) (2)

Repetition highest Standard anfi blank deviation
between results ;g 0-;04 mrnol/1

Absorbance for a Standard solution of 3 mrnol/1 = 0.15 ... 0.25
Absorbance (blank) ̂  2.5% ofabsorbanceof a Standard solution

of 2 mmol/1

quality control to determine whether the measuring
procedure is in order, i. e. whether it is reduced to the
inevitable "constant system of chance causes" of She-
whart and whether variations not due to chance ("as-
signable causes oferror" according to Shewliart) and,
of course, gross errors are excluded. Secondly, the use
of certaimtest criteria (performance criteria) in the
individual sections of the measurement procedure;
these criteria must be met before the next Step is
carried out (fig. 7). Some simple examples may be
given to illustrate the foregoing. Before starting the
actual measurement the satisfactory function of the
measuring Instrument used must be checked, i. e. free-
dom from drift, linearity of the display, temperature
setting, etc. Some performance criteria of this type
are enumerated in table 4. Absolutely essential in
every measurement is the control of the calibration,
because a main cause of systematic errors resides in

the calibration. Table 5 shows some exaniples of such
criteria. Finally, suitable control and test methods for
the measuring Operation in the narrower sense must
be included in the protocol. It should be checked
whether the measurement data obtained give a valjd
set of readings before the results are caiculated. Some
examples of this criterion are shown in table 6.

Tab. 5. Performance criteria of calibration.

Example: Reference method for potassium (NBS) (41)

Comparison of Standard stock Solutions
difference < 0.5%

"Standard deviation of fit" ^ 0.075 mmol/1
y = a + b · x{ Yi — Υ :

4 = Σ df/(n - 2)

-Repetition

Performance
criterion
fulfilled?

Performance
criterion
fulfilled?

Performance
criterion
fulfilled?

Example: Reference method for calcium (BCR) (2)

Fig. 7. Performance criteria in reference procedure.

"Precision index" s/b ^ 0.020 mmol/1
residual Standard deviation sPrecision index

mean slope b

Tab. 6. Performance criteria of measurement.

Example: Reference method for potassium (NBS) (41)

" Vatid set of readings"

Standard deviation of all measuring results
< 0.063 mmol/1

Deviation from previous result
for sample and Standards

g 2%

Quality control

Deviation frorn "true value"
for certified reference material

< 0.065 mnaol/1

Eur. J. Clin. Chem. Clin. Biochem. / Vol. 29,1991 / No. 4



Büttner: Reference methods, the basis for accurate measuring Systems 231

Reference methods are preferably used in clinical
ohemistry to investigate calibration and control ma-
terials. For reasons of stability, these materials are
usually present in the lyophilized individual samples.
This can result in systematic errors, for example due
to filling inaccuracies ("vial-to-vial variability") which
can be detected by a specific test design. The recon-
stitution of these samples also causes an error. Where
appropriate, the analysis result should be related to
the dry mass and not to the reconstituted volume.

In addition to the value obtained for the quantity
sought, the final result of a reference method analysis
should contain an indication of the uncertainty. Due
to the aforementioned relationship between bias and
imprecision, it does not suffice merely to indicate a
Standard deviation for the result. For this purpose
some suggestions have been made by Eisenhart (52)
(see also Ku (53)):
The final result should be qualified by the following
Statements:
1. error limits of the systematic error (bias)

2. Standard error, including degrees of freedom.

This may be illustrated by the following example:
Reference method sodium (NBS), controi material no. 558
result: sodium 139.27 mmol/1
bias determined with SRM 909 (NBS): -0.05 ... + 0.17
mmol/1
Standard error from 20 determinations: 0.32 mmol/1

Some Remarks on the Use of Reference Methods in a
Reference System

We have based this discussion on the necessity of a
reference System for improving the comparability of
clinical chemical routine tests. Figure 8 illustrates the
function of the reference methods in such a reference
System. In routine analyseSj calibrators and control
materials must be used, which are analysed by a
reference method. The reference method itself is cal-
ibrated by ultrapure CRM's and controlled by ma-
trixed CRM's. Both are — if possible — analysed by
means of a definitive method. Of greät importance is
the investigation of the coritrpl materials used for
external arid internal quality control by ineans of
reference methods on a regulär basis. The Second
Atlanta Conference in 1977 (7) äs well äs Tietz (10),
Stamm (11, 54), Leijnse (30) and others have cham-
pioned this principle emphatically. In addition, ref-
erence methods are necessary for analysing matrix-
containing calibrators äs required today in many anal-
ysis Systems for calibration. Finally, reference meth-
ods should be increasingly used to test new routine
methods.

Calibration Analysis Control

Definitive
method

Referencemethod

Routine
method

Fig. 8. Reference System in clinical chemistry.

The outlined function of reference methods within the
quality control make it essential to develop a method
for official approval of reference methods. In recent
years a relative large number of methods in the area
of clinical chemistry have been described äs "definitive
methods" or "reference methods". Not all these meth-
ods meet the requirements made (see, for example,
the report by Eldjarn & Broughlon (55)). It would be
very desirable if äs soon äs possible corresponding
scientific evaluation procedures were developed for
"candidate methods" and implemented by suitable or-
ganizations for arriving at internationally accepted
definitive or reference methods. This could be done
on an international, supranational or national level.
A recommendation for an European Standard on
"Reference Measurement Procedure. Elements, Struc-
ture, Format" is at present being worked out at CEN
TC 140, Working Group 4 (56). Table 7 summarizes
some essentials for the acknowledgement of reference
methods.

Tab. 7. Essential requirements in the approval of reference
methods (proposal).

1. Analytical principle well known for its specificity and ac-
curacy.

2. Definition of performance criteria for the procedure control.
3. Detailed description of the procedure available.
4. Carefully documented evalualion of accuracy and interfer-

ences by means of
— comparison with definitive method (if availabie)
— cerlified reference materials
— interference studies

5. Carefully designed transferability study including at least 3
laboratories.

6. Goals for acceptability äs reference method (depending on
medical needs)

Withhi Between
laboratory laboratories

± l ... 3%
l ... 3% (rel. SD)

Bias ± l ... 3%
Imprecision 0.5 ... 1.5% (rel. SD)

over the medically important analytical
ränge.
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Conclusion

In our consideration of reference methods, emphasis
has been placed on the urgent problem of the accuracy
of clinical chemical analyses and the metrological
aspects resulting therefrom. For a long time, in the
development of clinical chemical routine methods and
analysis Systems, far greater attention was paid to
precision than to accuracy. It is only with the devel-
opment of reference methods and reference materials

that an objective basis has been created for testing
the accuracy of routine methods. We should make use
of this possibility. Improvement of the accuracy is
difficult and tiresome; however, it is not without rea-
son that the English term "accuracy" derives from the
Latin verb accurare which means "do something with
special care" (The German ferm "Richtigkeit", like
the English term "correctness" is more neutral. Both
these words are related to the Latin "rectus"
(straight)).
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