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Abstract

The current paradigm for pathology reference intervals is for each laboratory to determine its own interval for use with each
test offered by the laboratory. It is our contention that this approach does not best serve the medical community, especially at a
time when electronic databases of health information are being expanded and integrated. We also believe that this approach is
not performed well in many laboratories and is excessively expensive in practice. In contrast, we believe that the preferable
option is to develop and apply common reference intervals throughout Australia and New Zealand, together with common
reporting formats and assay standardisation wherever this is possible.

We are aware that these are neither trivial nor simple issues, however we believe that failure to achieve this goal where
technically possible will be a failure of the pathology profession to meet the challenges of the modern health community.

(Clin Biochem Rev 2004; 99-104)

The Current Situation

The current approach to establishing reference intervals
follows recommendations from the NCCLS' and the IFCC.’
In Australia this process is encoded in the NATA summary of
ISO/IEC guide 17025,3 which specifies that laboratories may
perform their own detailed reference interval studies or may
validate reference intervals published elsewhere for their
own methods and populations. This recommendation for
local validation of reference intervals is repeated in Product
Information from most suppliers of in-vitro diagnostic
equipment and reagents. The benefit of this approach is that
method differences between laboratories should be included
in the locally determined reference interval, as would any
differences in the population served by the laboratory
compared to other locations. The current paradigm requires
that results should be reported together with accompanying
information, including units and reference intervals, from
which it follows that result interpretation should only be
made when this supporting information is available. This

approach is easily implemented with paper reports where
these elements are all part of the report printed by the

laboratory. This can also be supported by electronic data
transfer in fixed format (e.g. PIT format) where paper
versions are reproduced electronically, and is suitable for
atomised data transfer when results are obtained from only
one laboratory.

Assigning the task of setting or validating reference intervals
to each laboratory reduces the requirement for strict control
of bias of results compared to external standards as
differences in standardisation are allowed for in the local
reference intervals. Long-term control of precision, i.e a
constancy of bias, is important to ensure no change in results
from the time of reference interval determination. The
current approach also does not prescribe precisely such
matters as the reporting units, where more than one format of
SI units may be acceptable, or the number of decimal places
to report. While there is literature related to these issues,
there is no body currently empowered to provide ongoing
review of these matters.
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Difficulties with the Current Approach

There are many difficulties with the current approach to
reference intervals and these are summarised in Table 1.
Some of these issues are long-standing however some are
recent developments which require a response from the
profession. The most important issue is that relating to
optimal patient care. Patients do move between hospitals and
geographic locations and are seen by multiple doctors and
have tests performed at more than one laboratory. In these
circumstances the differences in laboratory results and the
associated reference intervals make the assessment and
monitoring of the patient more difficult. The worst case may
be the incorrect interpretation of a result, either due to
unanticipated differences in standardisation between
laboratories or because the wrong reference intervals are
applied. This is more likely to occur when results are
separated from the laboratory’s reference intervals as may
happen when data is transferred by telephone, written into
patient notes, or compared to reference intervals remembered
from other locations.

Electronic databases which may receive results from more
than one laboratory are becoming more common. These
include doctors’ desktop or practice-based systems but also
under development are regional, state-wide or national
electronic health records (EHR) which may receive
pathology results. In any of these systems the most benefit
which can be gained from the pathology data relies on
appropriate assessment of all the data, e.g. in reviewing
changes in results over time with graphical or other
techniques. This benefit can only be realised if results are
directly comparable through appropriate standardisation and
use of common reference intervals. Indeed the capacity of
such databases to handle results from different sources with
different reference intervals is not a current design feature.
Accumulation of standardised data from many sources, for
example in a centralised EHR, will enable more valuable
research to be performed on the database than if the data is
not directly comparable.

Table 1. Difficulties with laboratory-based reference intervals.

Problems with the current approach also include the cost and
difficulty of performing appropriate reference interval studies
for all assays performed in a laboratory and maintaining this
with changes in methodology over time. In this regard the
increased number of tests available in even medium-sized
laboratories has increased the size of this task. With
immunoassays the reagent costs can become significant and
the time required to collect and analyse samples and then
perform the statistical analysis makes the process expensive
irrespective of the analytical costs. It is the experience of the
authors that the majority of laboratories with which they have
had professional contact do not comply with the requirement
to have recent, documented local reference interval data for
the assays provided.

It may not always be appreciated that the limits derived from
a reference intervals study themselves have errors in their
estimation. For example a normal distribution with a sample
size of 40 will have a 90% confidence interval for both the
upper and lower reference limits (+ and — 2SD) which are
each 22% of the overall interval.” This reduces to about 13%
for 120 samples. With non-parametric statistics it is not
possible to estimate the confidence limits for sample sizes
below 120 and with this number of samples the 2.5" centile
is taken from the 4" lowest sample and the 90% confidence
limit is defined by the lowest and the 7" lowest samples, with
the same consideration defining the accuracy of the upper
reference limit.” Given this data it can be seen that consid-
erable numbers are required for accurate estimation of
reference intervals and even larger numbers are required
when partitioning on the basis of age, sex or other factors is
considered. Data-mining techniques such as the Bhattacharya
method have recently been used to determine reference
intervals in a large private practice.ng While no additional
testing or sample collection is required, several conditions
need to be present to use this approach. These include a large
database of results, stable methods over the time of data
collection, a large proportion of the results to be unaffected
by the health status of the patient and a normal or log-normal
distribution of the results. This may provide a valuable

related to assay standardisation.

laboratories.

1. Patient management may be compromised due to lack of direct comparability of results from different
laboratories.

2. Combining results from different laboratories in electronic databases is difficult to support.

3. The expense of performing effective reference interval studies in all laboratories for all analytes is
prohibitive.

4. Evidence from IMEP-17 suggests that differences in reference intervals between laboratories is not

5. Development of some reference intervals, e.g. sex hormones, is beyond all but the most well-resourced
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resource but is unlikely to be a suitable method for all
laboratories.

Additional difficulty is associated with generation of
reference intervals where special patient selection is required.
For example the recent study supported by Andrology
Australia has shown that current reference intervals for
luteinising hormone and testosterone in men vary widely
between laboratories. This group have performed a
reference collection where each member of the reference
population has had a normal physical examination and a
normal sperm count. Obviously the performance of this type
of reference interval determination is impractical to perform
at every laboratory measuring these analytes. Although
standardisation of the various available immunoassay
systems and common reference intervals was considered in
this study, the main outcome is reference intervals for each
analyser system based on the same well-defined reference
population.

The International Measurement Evaluation Program (IMEP)
is a program for interlaboratory comparisons. The program is
founded, owned and co-ordinated by the European
Commission’s Institute for Reference Materials and
Measurements (EC, IRMM).ll IMEP-17, subtitled Trace and
Minor Constituents in Human Serum, involved sending a
serum sample containing 19 analytes with concentrations
determined by reference methods to 1037 laboratories
world-wide, including 56 volunteer laboratories in Australia
and New Zealand. In addition to analysing the sample,
participating laboratories supplied reference interval data for
the measured analytes. The measurements were performed in
duplicate on five consecutive days and the reference interval
data requested was for a 40 year old male patient. The raw
data was obtained from the RCPA-AACB Chemical
Pathology QAP which administered the program in Australia
and New Zealand. An example of the data is shown in Figure
1 for magnesium. It can be seen that there is no apparent
relationship between the measured analyte concentration and
either of the reference limits. Inspection of the data revealed
no obvious correlation between the reference limits and the
measured concentration for any of the analytes. These
observations are supported by statistical analysis, with the
range of r values for correlation between reference limits and
analyte concentration ranging between -0.24 and +0.25 with
no p values less than 0.05. Additionally both the upper and
lower reference limits showed much higher between-
laboratory variation than was seen for the measurement
results (Figure 2). These data clearly demonstrate that
amongst this self-selected group of Australian and New
Zealand laboratories the reference intervals do not
compensate for method differences and have a variability
unrelated to the measurement.
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Figure 1. IMEP-17 data for Australian and New Zealand
participants for magnesium. Magnesium concentration of
supplied sample, average of 10 measurements (filled circles);
upper and lower reference limits (dashes), and the IMEP
target value (unbroken line). The data is sorted in order of
decreasing values for measured magnesium. Note there is no
correlation between measured magnesium concentration and
the stated reference limits.
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Figure 2. IMEP-17 data for Australian and New Zealand
participants. Plot of between-laboratory variation for analyte
concentration (closed diamonds) and upper (open circles)
and lower reference interval values (open squares). Variation
expressed as the CV. Note no data is supplied for lower
reference intervals for GGT and amylase due to the use of
"less than" formats in some laboratories.

Considerations Supporting the Generation and Adoption
of Common Reference Intervals

A number of factors are developing which support attempts
to adopt common reference intervals and these are
summarised in Table 2. The concept is not new in Australian
and New Zealand laboratories in that common reference
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Table 2. Factors supporting common reference intervals.

w

1. Several assays already have widely accepted common decision points which are not determined or
validated in individual laboratories, e.g. glucose and lipid measurements.

2. Common reference intervals are being developed by another international clinical chemistry organisation

(Nordic Reference Interval Project®) and have been in practice in Auckland for many years.

This approach has been discussed favourably in an international meeting."”

4. Advances in assay standardisation (e.g. European Union)."™

intervals, or at least common decision points, are in place for
a number of analytes. These include decision points for
diabetes diagnosis using serum glucose,12 for cardiac risk
assessment and treatment goals with serum 1ipids13 and all
therapeutic ranges for common therapeutic drugs.]4 Other
areas where reference intervals are taken from the literature,
often without local validation are for paediatric patients.
Implicit in the acceptance of these data is the responsibility
of the laboratory involved to minimise bias for the
measurement of these analytes compared to the method used
to determine the interval or decision point.

These issues have been considered by other Clinical
Chemistry Societies and common reference interval
programs have been established in some locations. These
include the Nordic Reference Interval Projectb covering 25
common analytes and a Spanish initiative.” A recent
international meeting also addressed this issue and concluded
that common reference intervals have much to commend
them.” An important local example is the Auckland Regional
Quality Assurance Group, which has been meeting on a
monthly basis for the past 27 years and has standardisation of
reference intervals as one of its main goals. Analysis of split
patient samples is used to establish the degree of bias
between dissimilar methods, and to assist in resolving
analytical issues for standardised methods. Agreement has
been reached on the reference intervals for most routine tests,
which in turn has facilitated the establishment of a regional
electronic database of patient results.

There are also a number of international developments aimed
at addressing assay standardisation. Within the European
Union all assays must have standardisation back to a
definitive method and statements of the uncertainty of the
final result produced by the laboratory method.” This is
supported by programs such as IMEP-17 and analyte-specific
programs such as the NGSP.” Additionally reference
methods can be used to validate material for use in
proficiency testing programs allowing assessment of bias
with these programs.
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An example of this is the measurement of many of the
analytes in the RCPA-AACB QAP General Chemistry
program with reference methods, or comparison with
reference intervals.

Difficulties with Common Reference Intervals

The development and application of common reference
intervals is not without considerable difficulties and some of
these are listed in Table 3. Firstly, common reference
intervals can only be considered if there is assay
standardisation. While laboratories will never produce
exactly the same results, laboratories wishing to share a
common reference interval must determine limits to variation
in bias and precision that allow interval sharing. The statistics
will not be further discussed here. There are however results
which are not currently standardised due to chemical
differences in the analyte detected and the calibrators used
(e.g. troponins), or to value assignment or choice of standard
by the manufacturing company. We need to recognise these
differences and ensure that a common reference interval is
not inappropriately applied. It may be that several different
reference intervals are needed for a single analyte, depending
on the method in use. In such cases the laboratory would need
to indicate on the report the method used to generate the
results.

Table 3: Difficulties with common reference intervals.

1. True standardisation differences.
2. True local population differences.
3. Agreement on format of results and

reference intervals.

Another assumption with the proposal of common reference
intervals is that the populations served by the different
laboratories are similar in respect to the concentrations of the
analytes concerned. We are unaware that this assumption has
been formally tested for any analytes across Australia and
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New Zealand however we are also unaware of any data
refuting this assumption. As stated above it may take studies
of considerable size to detect any such differences and
application of data from a well-performed local study may be
preferable to comparison with overseas derived reference
intervals determined by manufacturers and other groups. One
important population difference for some analytes is the
difference between ambulant and hospital patients. It can be
argued that a hospital laboratory should have lower reference
intervals compared to those for healthy ambulant individuals
for such analytes as albumin and sodium which tend to be
lower in recumbent and unwell persons. We do not support
this concept for several reasons. Firstly reference intervals
are commonly described as “health-associated” and this is
not generally the case with inpatients and secondly the
concept of an average hospital patient seems flawed as there
is a wide variation in the illness of the group of admitted
patients. Another possible cause of differences in local
reference intervals may be the racial make-up of the local
population. While it is known that there are some racial
differences in concentrations of some common analytes, the
inclusion of these differences in local reference intervals
requires very careful attention. Firstly the racial makeup of
the reference population must match that of the population
served by the laboratory and even then an individual may not
benefit from the application of such intervals. If a separate
group is thought to exist, it should be studied separately and
either partitioning perforrned,20 or knowledge of the
difference used in interpretation of results.

Acceptance of common reference intervals by laboratories
also requires adoption of common reporting formats and
acceptance of assumptions concerning the intervals. Thus use
of the same units, reporting to the same number of decimal
places, and rounding of the reference interval limits (e.g. are
creatinine reference intervals reported to the nearest pimol/L
or 10 umol/L) needs to be agreed before common intervals
can be adopted. While there is no current clear guidance in
this area it would seem inappropriate to imply greater
precision in reference interval limits than can be supported by
the data on which it is based.

Practical Issues of Developing and Applying Common
Reference Intervals.

Some of the issues related to practical development and
application of common reference intervals are listed in Table
4. Firstly a body needs to be convened and supported to
develop methodologies and criteria for common reference
intervals. The body needs to develop the theoretical
background for adoption of common reference intervals and
consider the best reporting formats. This body then also

Table 4. Practical issues with common reference intervals.

1. Organise and support a body to oversee the
project.
2. Develop agreed statistical approaches to

development and application of common
reference intervals.

3. Obtain quality local data for reference
intervals.

4, Publish common reference intervals and
criteria for use by laboratories.

5. Overcome inertia in laboratories and
encourage wide-spread adoption.

needs to gather currently available data for reference
intervals and, where necessary, commission further studies.
Australia and New Zealand are very well supported by the
RCPA-AACB QAP and data from this body may provide the
confirmation that a laboratory is performing within-specifi-
cations for adoption of a common reference interval. Where
matrix effects limit the value of the QAP data it may be
necessary to investigate other ways of assessing laboratory
performance. Once a common reference interval has been
developed and recommended it must be published and
actively promoted for adoption by laboratories. It would be
hoped that laboratories which have invested in high quality
local reference intervals would have relatively minor changes
to make to adopt the common intervals. Laboratories with
older, less well-validated intervals may have more marked
changes to make, however the benefits for their clients may
be greater. Obviously the project only achieves maximum
benefit if such intervals are adopted by the majority of
Australasian pathology laboratories.

Conclusions

It is our belief that the current paradigm for generation and
maintenance of laboratory reference intervals is difficult and
expensive to implement correctly, in general is poorly
performed, and does not meet the needs of patients and
doctors. The adoption of common reference intervals where
appropriate, and addressing the issues of between laboratory
bias that underlies this issue, may provide improvement in all
of these areas. The first steps in this process are recognition
of the problems, a willingness amongst laboratories to work
together towards these goals and the development of an
organisational structure to provide leadership.
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Abbreviations:

NCCLS:The National Committee for Clinical Laboratory
Standards.

NATA:National Association of testing Authorities, Australia
IMEP:International Measurement Evaluation Program
NGSP:National Glycohaemoglobin Standardization Program
ISO/IEC: The International Organisation for Standardisation
/the International Electrotechnical Commission.

PIT: Pathology Information Transfer

RCPA: The Royal College of Pathologists of Australasia
AACB: Australasian Association of Clinical Biochemists
IFCC: International Federation of Clinical Chemistry and
Laboratory Medicine.
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