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Harmonization of clinical laboratory results means that results are comparable irrespective
of the measurement procedure used and where or when a measurement was made. Har-
monization of test results includes consideration of pre-analytical, analytical, and post-ana-
lytical aspects. Progress has been made in each of these aspects, but there is currently
poor coordination of the effort among different professional organizations in different coun-
tries. Pre-analytical considerations include terminology for the order, instructions for prepa-
ration of the patient, collection of the samples, and handling and transportation of the sam-
ples to the laboratory. Key analytical considerations include calibration traceability to a ref-
erence system, commutability of reference materials used in a traceability scheme, and
specificity of the measurement of the biomolecule of interest. International organizations
addressing harmonization include the International Federation for Clinical Chemistry and
Laboratory Medicine, the World Health Organization, and the recently formed International
Consortium for Harmonization of Clinical Laboratory Results (ICHCLR). The ICHCLR will
provide a prioritization process for measurands and a service to coordinate global harmoni-
zation activities to avoid duplication of effort. Post-analytical considerations include nomen-
clature, units, significant figures, and reference intervals or decision values for results. Har-
monization in all of these areas is necessary for optimal laboratory service. This review
summarizes the status of harmonization in each of these areas and describes activities un-
derway to achieve the goal of fully harmonized clinical laboratory testing.
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INTRODUCTION

Guidelines for ordering and interpreting laboratory tests are typi-
cally created by national professional organizations, are increas-
ingly based on international recommendations, and are derived,
when possible, from clinical outcomes data. Fixed decision val-
ues for laboratory test results are frequently used in practice
guidelines. Consequently, harmonized laboratory results are es-
sential to enable appropriate use of clinical practice guidelines.
When laboratory results are not harmonized among different
measurement procedures, there is a risk that erroneous treat-
ment decisions may be made that affect patient safety as well
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as the cost to deliver healthcare.

The meaning of harmonization in this setting is that results
are comparable irrespective of the measurement procedure
used and where or when a measurement was made. Harmoni-
zation of test results includes consideration of pre-analytical, an-
alytical, and post-analytical aspects. These considerations are
being addressed by a number of organizations around the
world. Unfortunately, the work of different organizations in differ-
ent countries is not well coordinated for a variety of reasons in-
cluding: different medical practice approaches, healthcare sys-
tem funding priorities, longstanding practice customs, and inad-
equate communication among laboratory professionals practic-
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ing in different countries. This review summarizes the current
issues and approaches being implemented for harmonization of
laboratory test results.

PRE-ANALYTICAL CONSIDERATIONS

1. Nomenclature

A standardized vocabulary for the name of a test procedure is
becoming more important with the growing adoption of clinical
provider order entry using computer systems. Common termi-
nology avoids confusion regarding what test is to be ordered and
provides an order catalog that will be the same in different health
care organizations, thus enabling physicians to practice more ef-
ficiently when seeing patients in several institutions. It needs to
be recognized that terminology for requesting is often different to
that for resulting. For example, the single request “Liver Func-
tion Tests” may generate six or more individual results depend-
ing on the laboratory. In addition, a single request may require
more than one sample type; for example, creatinine clearance
requires both serum and 24 hr urine samples. Furthermore,
adoption of international recommendations for testing requires
unambiguous terminology.

Two international standards for terminology are Logical Obser-
vation Identifiers Names and Codes (LOINC) and SNOMED CT
(currently only an acronym; formerly Systematic Nomenclature
of Medicine and Clinical Terminology). These standards are also
used for results reporting and will be described in the post-ana-
lytical considerations section.

2. Patient preparation and specimen collection

Interpretation of many laboratory results is influenced by the
condition of the patient at the time of specimen collection and
by the specimen collection process. Common examples of pa-
tient condition include: the duration of a fasting state for blood
lipids, glucose and other biomarkers; the time of day for blood
cortisol, urine albumin, and others; diet for several days preced-
ing sample collection for blood glucose, creatinine, and others;
posture for blood albumin, albumin bound molecules, and other
proteins; time following last dose or change of dose for thera-
peutic drug monitoring; and time following challenge doses of
oral glucose, intravenous dexamethasone, and other endocrine
challenges.

Specimen collection can contribute to variability of a result
and in some cases make a result sufficiently erroneous that it is
not suitable for use for its intended clinical application. Glucose
is a well known example because glucose declines in an unpre-
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served whole blood specimen at a rate of approximately 5-7%
per hour at room temperature [1]. However, the rate can be
greater if the patient has a high white blood cell or platelet count.
It is common practice to collect blood glucose in an oxalate fluo-
ride container to inhibit glycolysis and slow the rate of glucose
consumption by cells. However, it takes some time for diffusion
into the mitochondria and inhibition of the Krebs cycle; conse-
quently, there is inevitably some loss of glucose before the blood
sample is centrifuged to obtain plasma for analysis unless the
sample is chilled or other precautions are taken [2]. Another ex-
ample is coagulation factor measurement where the correct vol-
ume of specimen must be collected with a specified amount of
anticoagulant because the reagent for measurement is formu-
lated to compensate for a specified concentration of anticoagu-
lant in the specimen. A number of tests require special speci-
men collection and handling procedures to preserve the mea-
surand to obtain a meaningful measurement result. Appropriate
specimen transportation conditions to preserve the analyte are
also required and are complicated because of different times,
distances, and ambient temperatures that must be accommo-
dated in different practice settings. Unfortunately, there is little
agreement on what time intervals should be used.

Patient preparation and specimen collection requirements are
listed in various books and compendiums [for example, 3]. How-
ever, the recommendations are frequently based on inadequate
or incomplete literature reports making it difficult for a laboratory
to collate and provide such information to providers of care and
those who collect specimens for laboratory testing. In addition,
there are substantial variations in practices and procedures to
collect and transport specimens to a laboratory, which influence
variability and uncertainty in the measured results.

3. Uncertainty of a laboratory result from pre-analytical
components

Recommendations to estimate and then report or to make avail-
able information on uncertainty of a laboratory result have been
discussed in recent years [4, 5]. Most recommendations limit
uncertainty estimates to the result of an analytical measurement
procedure. This limitation may be due in part to the highly vari-
able nature of pre-analytical components, and thus the difficulty
to adequately estimate their uncertainty as a numeric value.
However, a clinical laboratory should be aware of and take mea-
sures to minimize the contribution of pre-analytical factors to un-
certainty of laboratory results.

Appropriate control of pre-analytical factors is an important
but difficult quality management area for laboratories and for
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health care providers in general. Addressing harmonization of
pre-analytical factors in laboratory testing is currently not coordi-
nated on an international basis and is an opportunity for im-
provement in the laboratory medicine profession.

ANALYTICAL CONSIDERATIONS

1. Traceability

Harmonization of results among different clinical laboratory
measurement procedures may be achieved by having the cali-
bration of all procedures traceable to the same higher-level refer-
ence system. In addition to calibration traceability, it is necessary
that the different clinical measurement procedures all measure
the same measurand with suitable analytical specificity to pre-
vent other substances that may be present in a clinical sample
from influencing the result [6].

The international organization for standardization (ISO) stan-
dard 17511:2003, “In vitro diagnostic medical devices-measure-
ment of quantities in biological samples-metrological traceability
of values assigned to calibrators and control materials,” provides
the framework for calibration traceability in laboratory medicine
[7]. In a complete reference system, Fig. 1, a pure substance
primary reference material allows the S| unit to be realized in a
well characterized solution using a primary reference measure-
ment procedure such as gravimetry to prepare the solution. The
solution of the primary reference material is used as a calibrator
(frequently several concentrations are used) for a higher order
secondary reference measurement procedure. Note that for
some measurands, such as enzymes or coagulation factors, the
primary reference measurement procedure defines the measur-
and and is the highest level in the traceability chain. The second-
ary reference measurement procedure is used to value assign a
secondary reference material that may be a matrix based certi-
fied reference material or a panel of clinical samples. An impor-
tant characteristic of a secondary reference measurement proce-
dure is that it is not influenced by the difference in matrix be-
tween its calibrator and the secondary reference material that is
value assigned by measurement with the secondary reference
measurement procedure.

The secondary reference material may then be used as a
common calibrator by manufacturers to calibrate an internal pro-
cedure that is used to value assign either a master lot of a work-
ing calibrator or the product calibrator that is provided to a clini-
cal laboratory for use to calibrate the routine clinical laboratory
procedure. A master lot is frequently used because it permits a
manufacturer to maintain a consistent internal reference calibra-
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Fig. 1. Components of a complete reference system showing trace-
ability of results from a routine measurement procedure to higher
order reference system components based on international stan-
dardization for organization (ISO) standard 17511:2003 [7].
Abbreviations: Sl, international system of units; IDMS, isotope dilution mass
spectrometry.

tor to value assign sequential lots of product calibrators over ex-
tended time intervals. Alternatively, a secondary reference mate-
rial with suitable commutability properties can be used as a true-
ness control to confirm the accuracy of values assigned by a
secondary reference measurement procedure, by a manufactur-
er's internal measurement procedure or by a routine procedure.
A calibration traceability hierarchy as shown in Fig. 1 provides
a process to calibrate all clinical laboratory measurement proce-
dures, irrespective of manufacturer, to a stable reproducible
higher order reference system in a way that can be replicated
over time and location to ensure consistent and harmonized re-
sults for measurements on clinical samples. The uncertainty in
the calibration of the routine clinical laboratory procedure, and
thus in the final result for a clinical sample, is the combined un-
certainty of the values assigned to the sequence of materials at
each step in the traceability chain. Consequently, reference labo-
ratories and manufacturers use analytical approaches such as
replication or gravimetric preparation of dilutions to reduce the
imprecision of measurements at each step. The ISO standard
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Fig. 2. Components of a reference system showing traceability of
results from a routine measurement procedure that ends at a sec-
ondary reference material based on ISO Standard 17511:2003 [71].

does not specify the number of steps in a traceability chain for a
particular measurement procedure; however, adopting the few-
est number of steps necessary can contribute to smaller uncer-
tainty in the final result.

In clinical laboratory medicine, there are only a relatively small
number (perhaps 80-90) of measurands, for which higher order
reference measurement procedures have been developed. The
ISO standard includes a traceability category that has a second-
ary reference material as its highest order as shown in Fig. 2.
The secondary reference material is used as a common calibra-
tor by manufacturers of clinical laboratory measurement proce-
dures. In this situation, the value assigned to the secondary ref-
erence material may be arbitrary, but as long as all clinical mea-
surement procedures are calibrated to the same reference mate-
rial, their results can be harmonized and thus be suitable for use
with clinical practice guidelines. Various approaches have been
used for value assignment such as: determining the dry mass of
a protein [8], using the value of a selected measurement proce-
dure or group of procedures that met defined specifications [9],
or assigning an arbitrary value as units.

When there is no reference measurement procedure nor a
reference material for a measurand, calibration of a routine clin-
ical laboratory procedure is traceable only to a manufacturer’s
internal working calibrator. In this situation, which is the case for
a large number of measurands, there is likely to be no harmoni-
zation of results among different measurement procedures. In-
terpretation of results is dependent on reference intervals or de-
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cision values that are only applicable for the measurement pro-
cedure used to create them. Approaches to address this limita-
tion include interpretation based on multiples of the upper refer-
ence limit for a given measurement procedure, as has been
suggested for parathyroid hormone (PTH) [10], or on a proce-
dure specific value associated with a specified percentile of a
non-diseased population as has been recommended for tropo-
nin | [11]. Harmonization of measurement procedures in this
category has been a challenge that has not been addressed un-
til quite recently and no consensus approaches have been
agreed. The International Consortium for Harmonization of Clini-
cal Laboratory Results (ICHCLR) has posted a toolbox of pro-
posed procedures to address harmonization when no reference
material is available [12]. A proof of principle has been reported
to assign values to clinical samples on the basis of all procedure
trimmed mean [13].

2. Commutability

Commutability is an essential property of reference materials
used as calibrators in the steps of a traceability chain. Commut-
ability is particularly important for secondary reference materials
used as common calibrators for different manufacturers’ internal
and routine measurement procedures. Commutability is a prop-
erty of a reference material in which values measured for the
reference material and for representative clinical samples have
the same relationship between two, or more, measurement pro-
cedures for the same measurand [14, 15]. Fig. 3 illustrates the
property of commutability. Panel A shows that commutable ref-
erence materials have the same relationship as clinical samples,
and panel B shows that non-commutable materials have a dif-
ferent relationship. When a reference material is used as a com-
mon calibrator, it must be commutable with clinical samples for
all of the measurement procedures for which it will be used. Fig.
4 shows that results for clinical samples will not be harmonized
if a non-commutable material, such as illustrated in Fig. 3B, is
used as a common calibrator for two measurement procedures
[14, 16, 17].

Commutability has been recognized for more than 4 decades
as an essential property for reference materials [18]. However,
the clinical laboratory community has only recently embraced
the importance of commutability in achieving harmonized results
based on traceability to higher-order reference systems [16, 17].
Some of the historical reluctance to validate commutability of ref-
erence materials was based on the technical difficulty to perform
the experiments because a panel of clinical samples is needed
for the validation. However, it is now recognized that commuta-
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Fig. 3. Representation of the concept of commutability of reference
materials with authentic clinical samples between two measure-
ment procedures. Panel A shows that commutable reference mate-
rials have the same relationship as clinical samples, and panel B
shows that non-commutable materials have a different relationship.
Used with permission from reference 24.

bility validation is required for any new reference material and
that many existing reference materials are not fit for purpose be-
cause they are non-commutable [16]. A consensus guideline for
validating commutability is available from the Clinical and Labo-
ratory Standards Institute [19]. External quality assessment pro-
grams that use commutable sample materials play an important
role to identify measurands in need of harmonization and for
surveillance of the success of a harmonization program.

3. Other analytical considerations

In addition to calibration traceability, a complete description of
the quantity actually measured and adequate measurement
procedure specificity for that quantity are important consider-
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Fig. 4. Representation of differences in results for patient samples
when measured by two different procedures that use a non-com-
mutable reference material, such as shown in Fig. 3B, as a com-
mon calibrator.

ations for achieving harmonization of results among different
measurement procedures. The measurand is defined by the
current version of the International Vocabulary of Metrology as
“the quantity intended to be measured” [15]. For many bio-
markers, there is a difference between the molecule or biologi-
cal substance intended to be measured and what is actually
measured. Consider, for example, troponin | which exists in
blood as a complex of several proteins and, furthermore, the
composition of the complex changes at different times following
a myocardial infarct [20]. Antibodies used in immunoassays for
troponin | may bind to different epitopes of the protein’s three
dimensional structure. In this example, the measurand, the
quantity intended to be measured, is troponin |, but the quantity
actually measured is defined by the epitopes that are recog-
nized by the antibodies used in a given measurement proce-
dure. Because different measurement procedures use different
antibodies, the measurement procedures are not measuring the
same quantity even though each claims to measure troponin |.
This situation represents an inadequate definition of the mea-
surand because the specific molecular entity that can be con-
sidered “troponin 1” is not stated. An essential requirement to
achieve harmonization is to adequately describe, at a molecular
level, the quantity to be measured as the biomarker for a given
clinical condition.

Another essential requirement for harmonization of results
among different routine clinical laboratory measurement proce-
dures is that all the procedures have adequate analytical speci-
ficity for the quantity to be measured. If a group of routine pro-
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cedures do not measure the same quantity, it may not be possi-
ble for results from those procedures to be harmonized. Simi-
larly, if a routine procedure is influenced by substances in a clin-
ical sample other than the quantity being measured, it may not
be possible for results from that procedure to be harmonized
with results from other procedures that measure the same bio-
marker. Unfortunately, cost and throughput considerations may
compromise the specificity of some routine measurement proce-
dures. In such cases, it is necessary for the manufacturer to im-
prove the performance of a measurement procedure before its
results can be harmonized with those from other procedures.

4. International initiatives for harmonization of
measurement results

The importance of harmonized laboratory results is recognized
by many professional and public health organizations through-
out the world. An international organization with a longstanding
commitment to improve harmonization is the International Fed-
eration for Clinical Chemistry and Laboratory Medicine (IFCC).
The IFCC Scientific Division has sponsored numerous commit-
tees and working groups to develop reference measurement
procedures and reference materials for measurands of clinical
importance [21]. In addition to reference systems, the IFCC
sponsors initiatives to address reference intervals, nomenclature
and other areas of laboratory medicine.

In 1998, the European Community (EC) Directive 98/79/EC
on in vitro medical devices required measurement procedures
sold in the European Union (EU) to have calibration traceable to
higher order reference systems [22]. In response to the EU di-
rective, the IFCC, the International Committee of Weights and
Measures and the International Laboratory Accreditation Coop-
eration formed the Joint Committee for Traceability in Laboratory
Medicine (JCTLM) in 2002. The JCTLM maintains lists of refer-
ence measurement procedures, reference measurement labora-
tories and reference materials that have been reviewed for con-
formance to the applicable ISO standards for each type of re-
source [23]. Listing by JCTLM has become a practical require-
ment for a reference system component to be used for calibra-
tion traceability by manufacturers of in vitro diagnostics. The
JCTLM has updated the Quality Manual of Working Group 1 to
require information on commutability for new reference material
submissions that are intended for use as common calibrators for
clinical laboratory measurement procedures.

The WHO provides reference materials referred to as “Inter-
national Standards” and “Reference Reagents” that are used as
common calibrators for measurement procedures in areas such

192

Miller WG, et al.
Harmonization

as blood safety, infectious diseases and endocrinology. Histori-
cally the WHO has not validated these materials for commutabil-
ity and a number of reports have shown that traceability to these
materials has not achieved harmonization [16] because they
are non-commutable. In 2013, the WHO convened a confer-
ence to discuss commutability requirements and determined
that it is necessary to consider commutability in future reference
materials. Another limitation of WHO materials has occurred be-
cause there has not been a requirement to ensure consistency
of value assignment when a depleted lot is replaced with a new
lot. However, the situation can be complex because in some
cases advances in science may make a replacement lot techni-
cally superior to an older one thus necessitating a change in
value assignment.

The ICHCLR was formed in 2013 in response to recommen-
dations from a conference organized by the American Associa-
tion for Clinical Chemistry in 2010: “Improving Clinical Labora-
tory Testing through Harmonization: An International Forum.”
The conference recommended that coordination and prioritiza-
tion of harmonization activities needed improvement to best
meet the needs of laboratory medicine worldwide [24]. The ICH-
CLR was formed to provide: a systematic approach for prioritiza-
tion of measurands to be harmonized based on clinical impor-
tance and the technical feasibility to achieve harmonization; an
information portal on global harmonization activities to avoid du-
plication of effort; and procedures to implement harmonization
for measurands for which no reference measurement procedure
was likely to be developed. The ICHCLR web site [25] provides
information on harmonization activities being conducted by or-
ganizations throughout the world (in development), a toolbox of
procedures to assess the status and feasibility to achieve harmo-
nization, an on-line form to submit measurands to be reviewed
and prioritized for a harmonization effort, and a list of prioritized
measurands that will be developed as measurands are reviewed.
The ICHCLR’s Harmonization Oversight Group will identify col-
laborators and sponsors for harmonization projects for the high-
est priority measurands. Interested stakeholders may join the
Strategic Partners Group of the ICHCLR to become active partic-
ipants in the work.

POST-ANALYTICAL CONSIDERATIONS

1. Nomenclature
A standardized vocabulary for the name of a test procedure re-

sult is becoming more important with the widespread use of
electronic health record (EHR) systems. Results from several
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Table 1. Examples of LOINC and SNOMED CT code values

Code value Description
LOINC*
1558-6 Fasting glucose [Mass/volume, mg/dL] in Serum or Plasma
14771 Fasting glucose [Moles/volume, mmol/L] in Serum or Plasma
1518-0 Glucose [Mass/volume, mg/dL] in Serum or Plasma --2 hr
post 75 g glucose PO
14995-5 Glucose [Moles/volume, mmol/L] in Serum or Plasma --2 hr
post 75 g glucose PO
2857-1 Prostate specific Ag [Mass/volume, ng/mL] in Serum or Plasma
35741-8 Prostate specific Ag [Mass/volume, pg/L] in Serum or Plasma by
Detection limit < =0.01 ng/mL
19195-7 Prostate specific Ag [Units/volume, IU/L] in Serum or Plasma
33667-7 Prostate specific Ag protein bound [Mass/volume, ng/mL] in
Serum or Plasma
10886-0 Prostate Specific Ag Free [Mass/volume, ng/mL] in Serum or
Plasma
SNOMED CT*
399068003 Malignant tumor of prostate (disorder)
399590005  Squamous cell carcinoma of prostate (disorder)
427492002 Hormone refractory prostate cancer
314969001 Local recurrence of malignant tumor of prostate (disorder)
369485004 Malignant tumor involving prostate by direct extension from

bladder (disorder)

*LOINC information from http://search.loinc.org, accessed on 18 January
2014; 'SNOMED CT information from http://phinvads.cdc.gov/vads/http:/
phinvads.cdc.gov/vads/ViewCodeSystemConcept.action?oid=2.16.840.1.11
3883.6.96&code =399068003, accessed on 18 January 2014.

different laboratories or obtained over extended time intervals,
which could include a lifetime, are frequently aggregated into a
common EHR to facilitate coherent care for a patient. Interoper-
ability of electronic information requires harmonized terminology
as well as harmonized protocols for data exchange.

Two international standards for terminology used for laboratory
results are LOINC and SNOMED CT. A LOINC code identifies a
laboratory test and may specify key clinical variables regarding
patient preparation, collection conditions, specimen type, unit of
measure, reference interval and some aspects of measurement
methodology. Examples of LOINC codes for several laboratory
tests are shown in Table 1. Examination of the prostate specific
antigen examples indicates that the coding may not be adequate
to discriminate when non-harmonized values are obtained by
different measurement procedures. LOINC was initiated in 1994
by the Regenstrief Institute, a non-profit medical research orga-
nization. LOINC applies code values to medical laboratory and
clinical terminology to facilitate electronic exchange and aggre-
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gation of results in an EHR. At least 10 countries define LOINC
as their national standard and the system has been translated
into 14 languages or dialects (e.g., American and British English
are different dialects).

A SNOMED CT code specifies an anatomic site, diagnosis, or-
ganism and other parameters associated with a clinical observa-
tion. Examples of SNOMED codes are also shown in Table 1.
SNOMED was initially developed in 1965 by the College of Amer-
ican Pathologists as the Systematized Nomenclature of Pathology
and evolved into the Systematized Nomenclature of Medicine as
it included other areas. SNOMED CT was created in 2002 by
merging with the Clinical Terms coding system developed by the
National Health Service of the United Kingdom (UK). SNOMED
CT is now managed by the non-profit International Health Termi-
nology Standards Development Organization, is used by 23
countries and is available in 7 languages or dialects.

LOINC and SNOMED work together to fulfill a request and a
result for electronic data exchange using the Health Level 7 pro-
tocol. LOINC states the request and may fulfill the response for
numeric or qualitative results. SNOMED fulfills the response for
textual descriptive results. Taken together, these two coding sys-
tems provide a harmonization scheme to permit comparison of
results in an EHR in a meaningful way to minimize confusion
about comparability of results that may have originated from dif-
ferent laboratories, from different health centers or at different
times in the course of a patient’s disease progression. Unfortu-
nately, the LOINC code system does not adequately recognize
that result values may not be harmonized for all measurement
procedures included in a single LOINC code.

An initiative in England (UK) has been the development of
the National Laboratory Medicine catalogue. Although this cata-
log is a national exercise, it is gaining momentum as a potential
international standard. The aim is to produce a catalogue of all
pathology tests in order to ensure that the nomenclature for all
tests requesting and reporting is carried out in a standard, in-
teroperable format [26].

2. Reporting units

Harmonized reporting units remain a challenge for the clinical
laboratory community. In principle, the international system of
units (SI) provides an agreed standard. However, in practice
longstanding customs prevent countries from making a change.
One argument is that the continuity of clinical care could be dis-
rupted, and thus patient safety issues could occur if physicians
had to adjust to a new system of units for laboratory tests with
which they were already familiar and for which well established
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interpretive guidelines were in place. At present, guidelines
need to contain multiple sets of advice with different units [27].
Another argument is that physicians are accustomed to changes
in laboratory test methodology with attendant changes in nu-
meric values and reference intervals, and adapt quickly to the
change. However, in a world where tests are transferred elec-
tronically, the argument for adopting a single standardized set of
units is identical to that for test names. Clinicians typically con-
sider test results by value alone and rarely consider that the
units of measurement may be different. The experience in the
UK of changing units of measurement for glycated hemoglobin
suggests that, given appropriate education, clinicians and pa-
tients can manage a change in units without deterioration in
clinical status [28]. Nonetheless, the goal of clinical laboratories
should be to ensure harmonization of the numeric values and
units from laboratory procedures to avoid changes in values
used for interpretive criteria.

A reporting units issue is the variety of ways the same unit
might be represented in an EHR or in a laboratory report. For
example, one thousand cells per micro-liter might be expressed
as: 10*3/uL, 1073/uL, 1,000/uL, 10*12/L, Thou/uL, Th/mm3,
or K/cumm. An approach to harmonize such unit representation
issues is being developed by the Unified Code for Units of Mea-
sure (UCUM) program [29]. This code set is supported by
LOINC and is intended to facilitate unambiguous electronic
communication of quantities together with their units. The units
in the previous example are represented as 10*3/uL in the
UCUM. Absolute clarity of units is required when results may be
subject to automated calculations based on electronic inputs
and the use of UCUM provides a solid basis for this process.

A particularly troublesome aspect of lack of harmonization of
units of measure is when the units cause a change in numeric
values that may lead to misinterpretation by the physician and
risk of harm to the patient. For example, the same concentra-
tion of digoxin might be expressed as 3 ng/mL or 0.3 pg/dL; the
latter value might be confused as an inadequate level causing
an increase in dose and serious toxicity whereas the two con-
centrations are actually identical.

There have been national initiatives to recommend common
units for laboratory test results. For example, the Pathology Har-
mony program in the UK has published a list of recommended
units [30] and the Royal College of Pathologists of Australasia
has done similarly [31]. The IFCC committee on Nomenclature,
Properties and Units has a cooperative agreement with the In-
ternational Union of Pure and Applied Chemistry that has
worked since 1995 to develop terminology and a coding system
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for laboratory results. This cooperative maintains a database of
recommended nomenclature and units for laboratory tests [32].
More recently, this cooperative has a memorandum of under-
standing with the International Health Terminology Standards
Development Organization and the Regenstrief Institute to de-
velop a coherent coding scheme for nomenclature and units.
However, these initiatives have not been widely adopted on an
international scale partly because of embedded older systems
and partly because these coding schemes include options for
different units that are in current use thus failing to promote a
single system. Despite substantial progress, standardization of
both nomenclature and units remains a challenge for clinical
laboratory medicine.

3. Reference intervals and decision values
While laboratories are well trained in method verification and

validation to determine if assays are fit-for-purpose, they are less
aware of the importance of selecting the most appropriate and
evidence-based reference intervals for optimal interpretation of
results, i.e., ‘Right interpretation with the Right advice as to what
to do next with the result’ [33].

Studies have shown that the variation in reference intervals
for clinical analytes may be much greater than the analytical in-
accuracy of their measurements [34]. Laboratories that use the
same platforms and same reagents but use different reference
intervals/decision limits can give different result interpretations
for the same values. This situation has the potential to worsen a
patient’s outcome by causing different clinical interpretation and
unnecessary additional laboratory testing, with some risk to the
patient of inappropriate investigation or treatment [35, 36].

Clinical care providers may not be aware of these methodologi-
cal differences, especially if the result transfer from the laboratory
to the general practice does not show the different interpretive
criteria for the measurement procedures in use. There are impli-
cations for the amalgamation of results from different pathology
providers and the use of electronic results messages being used
to create a central EHR database of results for a patient.

One solution to the problem is to define “common” reference
limits and decision points. Reference limits and decision points
can be classified on the basis of their quality using the Stock-
holm hierarchy as a classification standard [37]. Decision thresh-
olds based on clinical outcome studies constitute the highest
level of quality, with the clinical expectation that all methods em-
ployed in the clinical setting are harmonized as is the case, for
example, for glucose, cholesterol, and HbAlc. By contrast, refer-
ence limits based on a measurement procedure’s kit insert data
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constitute the lowest quality level, usually having the least har-
monization with little possibility of shared reference limits.

In between these extremes there are other approaches to
achieving harmonized reference limits as shown in Table 2. The
Nordic Reference Interval Project (NORIP) established common
reference intervals in apparently healthy adult populations from
five Nordic countries for 25 of the most common clinical chem-
istry analytes [38]. The current project being run by the IFCC
Working Group for Reference Intervals and Decision Limits is
expected to report soon on the potential for global reference in-

Table 2. Scandinavian, United Kingdom, and Australian and New
Zealand adult reference intervals

Analyte  Unit NORIP* ﬁiﬁ'ﬁéﬂgﬁ AHRIA (proposed)’
Calcium mmol/L  2.17-2.47 (18-49yr) 2.2-26  2.10-2.60
Phosphate  mmol/L M: 0.75-1.65 (18-49yr) 0.8-1.5  0.75-1.50
F: 0.85-1.50 (18-49 yr)

Sodium mmol/L 137-145 133-146  135-145
Potassium  mmol/L 3.6-4.6 (serum) 3.5-5.3 3.5-5.2 (serum)
Chloride mmol/L - 95-108 95-110
Bicarbonate mmol/L 22-32 22-29 22-32
Creatinine  pmol/L  M: 60-100 - M: 60-110 (18-60 yr)

F: 50-90 F: 45-90 (18-60 yr)
Total Protein ~ g/L 62-78 (serum) 60-80 60-80
LDH[Lto P UL 105-205 (18-69 yr) - 120-250

115-255 (70+yr)

*NORIP, Nordic Reference Interval Project [38]; "Pathology Harmony UK
project [401; *AHRIA, Australasian Harmonised Reference Intervals for
Adults project [41, 42]; *LDH [L to P, lactate dehydrogenase [lactate to py-
ruvate].
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tervals [39]. Importantly, both studies have used results that
were traceable to higher-order reference systems for much of
their work.

In the UK, harmonized reference limits were established by a
formal process involving a survey of reference intervals followed
by a consensus agreement [40], and this agreement was then
endorsed by all the national laboratory medicine associations. In
Australia and New Zealand, an initiative is currently underway to
achieve harmonized reference limits through an evidence-based
approach and understanding the various physiological factors
that affect reference limits and the pathological factors that af-
fect decision limits [41, 42]. A checklist assessment process is

Table 3. Checklist criteria used in Australian and New Zealand Har-
monized Reference Intervals project®

1. Define analyte (measurand)
2. Define measurement procedure used, accuracy base, analytical specificity

3. Consider important pre-analytical differences, actions in response to
interference

4. Define distribution of reference interval values (e.g., central 95%, 99%, etc.)

5. Describe evidence for merging of reference intervals
- data sources (literature, lab surveys, manufacturer)
- data mining
- bias goal as quality criterion for acceptance

6. Consider partitioning based on age, sex, etc.
7. Define degree of rounding
8. Clinical considerations of the reference interval
9. Consider use of common reference interval
10. Document and implement

*Checklist was derived from reference 43.
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Fig. 5. Assessment of suitability of a common reference interval for different routine measurement procedures for calcium using data from
33 reference interval subjects measured by 24 laboratories using 8 platforms (at least 3 laboratories participated per platform) and accep-
tance criteria from the Royal College of Pathologists of Australasia Quality Assurance Program [45]. (A) almost all results for calcium fell
within the allowable limits of agreement (£0.1 mmol/L up to 2.5 mmol/L and +4% when >2.5 mmol/L variation from the all methods
mean) (B) the regression lines were all within the allowable limits of performance for the eight routine measurement procedures that were
evaluated. (A) is used with permission from reference 42. (B) is used with permission from a study performed by the Harmonisation Group
of the Australasian Association of Clinical Biochemists (www.aacb.asn.au/professionaldevelopment/harmonisation).
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being used to assess the evidence for the use of common refer-
ence intervals (Table 3), and data are recorded in a structured
spreadsheet template format [43].

One important aspect of harmonized reference intervals is
development of the criteria for a laboratory to use a common
reference interval, i.e. the allowable bias and imprecision of a
measurement procedure compared to an accepted reference.
Information about method comparability may be determined
through an assessment of the between-method bias using com-
mutable biological samples. In the Australasian study, the ap-
proach taken when analysing the data was to compare the aver-
age result for each measurement procedure with the mean of
all results from the Royal College of Pathologists of Australasia
Quality Assurance Program. The allowable limits of performance
were used to determine whether bias would prevent the use of
a common reference interval [44, 45]. Fig. 5 shows an example
of assessment of suitability of a common reference interval for
different routine measurement procedures for calcium. Panel A
shows that almost all results fell within the allowable limits of
agreement for the analyte, and panel B shows that the regres-
sion lines were all within the allowable limits of performance for
the eight routine measurement procedures that were evaluated
[42]. The final responsibility for adopting a proposed common
reference interval lies with the laboratory director, and local vali-
dation of the common reference intervals is recommended to
ensure their appropriate use for the population served by a clini-
cal laboratory [46].

The analytical quality of the measurement procedures will ul-
timately determine which analytes can share common or har-
monized reference intervals. Reference intervals can be trans-
ferred between laboratories and between measurement proce-
dures provided that the measurement procedures used produce
results traceable to the same reference system, there is verifica-
tion of similar pre-analytical conditions, and the demographics
of populations being tested are similar [47].

CONCLUSIONS AND RECOMMENDATIONS

The increased use of standardized clinical practice guidelines
developed from evidence-based outcomes research requires
clinical laboratory test results to be harmonized. Such guidelines
are becoming international thus requiring global cooperation
among laboratory medicine stakeholders to achieve harmonized
results. The rapidly expanding use of EHR as well as an increas-
ingly mobile population is also driving the importance of harmo-
nized laboratory results. Substantial efforts are underway to ad-
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vance the science and the technical processes to achieve har-
monization. These efforts need to be supported and organized
on a global scale to deliver cost effective and clinically optimized
laboratory medicine services.
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