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DEMONSTRABLE QUALITY OF LABORATORY 
SERVICES ENTAILS TWO PARTS

1) First, one needs a quality policy statement, identification of user
needs, choice of measurement procedures, reference measurement
system to provide traceability, control materials, and proficiency testing
with materials having reference-measurement-assigned values.
2) Second, it may be useful to obtain recognition of competence in
addition to the director’s certificate, such as Good Laboratory Practice
(when studying toxicity of chemicals), ISO 9000 certification of a self-
defined quality system, nongovernmental professional accreditation,
or, most demanding, governmental accreditation according to European
Standard EN 45 001 with some modifications.

Dybkaer R. Clin Chem 1994
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EQA/PT: A MANDATORY REQUIREMENT

Inter-laboratory comparisons are mandatory requirements
for accreditation to the international standard applicable to
medical laboratories (ISO 15189)
PT/EQA is a component of laboratory accreditation
requirements in many countries.
EQA programmes offer an organized approach for these
appraisals, allowing large-scale statistical comparisons to be
made.
PT/EQA programs have evolved in scope and sophistication
and are now an essential component of a laboratory’s quality
management system.



The International Standard ISO 15189:2012 requires participation in
interlaboratory comparison [e.g. external quality assessment (EQA)]
for all tests provided by an individual laboratory.
If EQAS is not commercially available, alternative approaches should
be identified, although clinical laboratories may find it challenging to
choose the EQAS that comply with the international standards and
approved guidelines.
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EXTERNAL QUALITY ASSESSMENT

EQA is an integrated professional quality
assurance activity of medical laboratories

Adam Urdall 1999



(23 October 1898 – 9 March 2003 )

EXTERNAL QUALITY ASSESSMENT and 
F. WILLIAM SUNDERMAN



DIFFERENT TYPES  OF PT/EQA SCHEMES

REGULATORY
Many jurisdictions require the
performance of pathology laboratories
to achieve a basic minimum standard
and failure to achieve these standards
may result in significant consequences
for the laboratory’s right to practice

EDUCATIONAL
The aim of these programs is to
improve the quality of laboratory
testing, may also offer support to
participants in the form of additional
troubleshooting advice, webinars on
interpretation of QC and EQA, and
workshops



DIFFERENT TYPES of EQA SCHEMES

The first type is regulatory. 
Because of the importance of pathology results in healthcare, many
jurisdictions require the performance of pathology laboratories to achieve a
basic minimum standard and failure to achieve these standards may result in
significant consequences for the laboratory’s right to practice.
The need to “pass” this type of EQA can lead to unintended consequences.
For example, laboratories may treat these EQA specimens differently to
patient samples to ensure acceptable performance.
In addition, the performance criteria are usually able to be achieved by
nearly all laboratories.

Tony Badrick. Clin Chem 2022



DIFFERENT TYPES of EQA SCHEMES:REGULATORY

A clear pro for regulatory programs is that poorly performing laboratories
may be removed from providing patient care. This outcome can be seen as
protecting patients by ensuring analytical quality. Clearly, if the standards are
set too tightly, too many laboratories may be suspended with consequent loss
of service.
A particular con may be the behavioral response to this type of program.
With the threat of regulatory action, laboratories may be tempted to optimize
the measurement process, for example, testing just after calibration, in
duplicate, by a senior analyst.
Thus, the results do not reflect the actual quality delivered for patient care.

Jones GRD et al. Clin Chem 2022



DIFFERENT TYPES of EQA SCHEMES

The other type of EQA programs are described as “aspirational or
educational.”
The aim of these programs is to improve the quality of laboratory
testing, and therefore not all laboratories will achieve the
performance goals at the time of implementation.
Educational programs may also offer support to participants in the
form of additional troubleshooting advice, webinars on interpretation
of QC and EQA, and workshops on addressing measurement problems
identified in the EQA program.

Tony Badrick. Clin Chem 2022



DIFFERENT TYPES of EQA SCHEMES:EDUCATIONAL

• A pro for an educational scheme is EQA samples intended to
challenge the limitations, e.g., interfering substances, of
measurement procedures can be included without fear that a
non-passing result will jeopardize a laboratory’s accreditation
status. Instead, the result can be used to educate a laboratory
that a measurement procedure has a limitation they might not
have been aware of.

• A potential con of an educational EQA scheme is a laboratory
may fail repeatedly without jeopardy of being shut down,
although most accreditation agencies will review EQA for
acceptable performance even without strict regulatory
requirements for the EQA scheme itself.



EQA: PARTICIPATION IS NOT ENOUGH



IS THERE A THIRD WAY?

An improvement program, by using achievable targets and
without threat of regulatory responses, may be more likely to
be performed with the goal of representing actual
performance.
The hoped-for outcome is that responses to out-of-range
results lead to improvements on routine testing and thus
patient care.
Thus, the response in the laboratory to a failure should be
“how can we improve this assay.”



EQA: OUTCOME MEASURES

Out-of-range results should be clearly notified and clinical
laboratories should be requested to document corrective (and
preventive) actions
This information should be acknowledged as an OUTCOME
measure.
Corrective/preventive actions related to EQA results should
be evaluated as fundamental quality requirements in
accreditation programs
Advice and support by EQA providers are fundamental tools
which have to be taken into consideration by participant
laboratories



Plebani M 2005
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SIX ELEMENTS FOR IMPROVING EXTERNAL 
QUALITY ASSESSMENT

1) Nature of EQA materials, including commutability
2) Procedures used to assign the target value
3) Data set to which APS are applied
4) Analytical property assessed (total error, bias, imprecision)
5) Rationale for APS selection
6) Type(s) of model used to set them

Jones GRD et al CCLM 2017



Miller WG et al Clin Chem 2011



EQA/PT: MAIN CHARACTERISTICS

Evaluation capability depends on 3 characteristics: sample
commutability, process for target value assignment, and inclusion or
noninclusion of replicate samples.
Category 1 is the most desirable because programs in this category use
commutable samples with target values established by a reference
system and can evaluate both individual laboratories and measurement
procedures for reproducibility, calibration traceability, and uniformity
between laboratories and between measurement procedures.
Programs in category 2 have the same attributes as category 1 except
that within-laboratory reproducibility cannot be evaluated because
replicate samples are not used within a survey cycle.

Miller WG et al Clin Chem 2011



EQA/PT: MAIN CHARACTERISTICS

Programs in categories 3 and 4 also use commutable samples
but, because the target values are not established by a
reference system, the evaluation is limited to the uniformity
among results (harmonization), a feature of considerable
value for laboratory medicine.
Programs in categories 5 and 6 use samples likely to be
noncommutable, thereby limiting evaluation to peer-group
comparisons and failing to provide information on bias
between different measurement procedures.



EQA and STANDARDIZATION

•Metrological traceability resulting in equivalence of
measurement results is currently best established for
small homogenous molecules whose measurement
results have been standardized
•Standardized results represent less than 20% of

the measurands analyzed in current medical
laboratories.

Theodorsson E et al Clin Chim Acta 2024



EQA IN THE METROLOGICAL ERA: 
QUESTIONS and CURRENT CONSTRAINTS

Braga F et al Clin Biochem 2018



THE TRUE CHALLENGE

A challenge shared by regulatory and aspirational/educational EQA schemes
is that EQA samples that are commutable with clinical samples are only
available or a relatively small number of measurands, possibly 20 to 30 of
the thousands in a test order catalog.
Consequently, most measurement procedures for a measurand are grouped
into “peer groups” that are expected to have the same noncommutability
bias, and thus results are likely to agree.
However, there is no information to determine if results from different “peer
groups” of measurement procedures agree with each other or if
measurement procedures are correctly calibrated to a higher order reference
system.

Miller WG. Clin Chem 2022



UTILITY OF PEER-GROUP COMPARISON

The first question that an individual laboratory wants to answer from EQA
is whether the measurement system used in the laboratory provides
results that are equivalent to those from other laboratories using the
same system.
In such a closed system, where all data is based on results from one
manufacturer, this becomes the predominant issue for a laboratory. In this
setting the method of assigning the EQA target is the middle of the
measurement system group.
This approach is a surrogate for confirming the assay is performing as
expected by the manufacturer.

Jones GRD et al. Clin Chem Lab Med 2022 







EQA: REALLY VALUABLE TOOLS ?

In the last 20 years, many efforts have been dedicated on clarifying and
discussing the specific requirements for the applicability of information
given by External Quality Assessment (EQA) programs in the evaluation of
the IVD-MD performance in terms of metrological traceability of the
performed measurements.
A unique benefit of this type of programs is their ability of identifying
measurands that need improved harmonization and stimulating
standardization initiatives that are required to support the use of clinical
practice guidelines.
Unfortunately, the majority of current EQA programs are not adequate to
assess harmonization of laboratory results as, once again, they disregard the
commutability of employed materials.

Panteghini M. Clin Chem Lab Med 2024



1) a statement on the EQA material matrix and its commutability; 
2) the method used to assign the target value; 
3) the data set to which APS are applied; 
4) the applicable analytical property being assessed (i.e. total error, bias,
imprecision, uncertainty);
5) the rationale for the selection of the APS; and 
6) the type of the Milan model(s) used to set the APS. 



MODELS TO ASSIGN APS to EQA SCHEMES



Potassium (plasma)

APS: CRITERIA TO BE USED IN EQAS

HbA1c (whole blood)

Creatinine (urine)



APS: ANALYTICAL PERFORMANCE 
SPECIFICATION

The most commonly issued EQA program in Australia
is the RCPAQAP where APS have been determined
based on a combination of biological variation and
state of the art
The approximate definition of state of the art used is
that about 80 % of laboratories can achieve the
standard.
The effect of using APS set in this way should be to
improve the less well-performing laboratories.



APS: A VALUABLE TOOL

Using imprecision criteria relative to biological variation, there are
two measurands (triglycerides and iron) for which the total
country CV (CVC, the CV of results from all participating
laboratories) meet the optimal level (CVC<0.25 × CVI),
8 measurands which meet the desirable level (CVC<0.5 × CVI),
and
another 13 which meet the minimal level (CVC<0.75 × CVI).
With this knowledge, laboratories can advise that patients can be
monitored across the country with these tests using results from
any laboratories.



Conclusions: Analysis of data from commutable EQA programs can provide a
mechanism for monitoring whether analytical performance justifies the
interpretations made in contemporary laboratory practice.
EQA providers should establish systems for routinely providing this
information to the laboratory community.



COMPARABILITY OF LABORATORY INFORMATION, NOT 
ONLY OF ANALYTICAL RESULTS IS NEEDED

Patients are commonly tested at more than one laboratory, and results
from more than one laboratory are increasingly compared with one
another.
When single results are reported, the same interpretation should be
reached regardless of the testing laboratory. If results from different
laboratories are similar, the same interpretation will be made if the
reference intervals or decision points are the same.
If instruments give dissimilar results, different reference intervals and
decision points are required.

Farrell CJL et al CCLM 2024



COMPARABILITY OF LABORATORY 
INFORMATION

For analytes with AACB CRIs, between-instrument agreement
was considered acceptable if all instrument groups agreed
with one another within ±0.1 × CRI width for both samples.
Among the 18 analytes with AACB CRIs, 11 met specification
for all instruments on both samples.
These were alkaline phosphatase, creatine kinase, creatinine,
gamma glutamyltransferase, lactate dehydrogenase,
phosphate, potassium, protein, sodium, total bilirubin, and
urea.

Farrell CJL et al CCLM 2024



Six analytes that use clinical decision limits had between-instrument
agreement assessed against bias criteria from the CDC and ADA.
Triglycerides was the only analyte that met specification for all
instrument groups, while total cholesterol and HDL cholesterol failed
for only one instrument group.



MONITORING PATIENTS WITH TESTING AT DIFFERENT LABORATORIES 

The CVAust for both Liquid Serum Chemistry samples was calculated for all
analytes.
Analytes without decision limits were evaluated against CVI. For these 46
analyte-method groups, the results spanned the full range of classifications:
3 (6.5 %) were optimal, 6 (13.0 %) were desirable, 6 (13.0 %) were minimal,
11 (23.9 %) were borderline, 11 (23.9 %) were poor, and 9 (16.5 %) were out
of range.
For analytes with decision limits, evaluation was performed against
imprecision specifications from the CDC and ADA. The CVAust met
specification for triglycerides and vitamin D, and was borderline for total
cholesterol and glucose. Both LDL cholesterol methods, as well as HDL
cholesterol failed to meet specification.

Farrell CJL et al CCLM 2024



• The laboratory services in resource-limited countries suffer from insufficiencies
in consumables, basic equipment, skilled employees, training programs,
logistical assistance, and national standard quality evaluation.

• Participation in the EQA program in resource-limited countries faced different
challenges, including sample commutability and assigned target values;
transportation and shipment; expenses from the EQA program; equipment and
reagent supplies; awareness and motivation of laboratory professionals; and
utilization of feedback, which has a direct impact on the implementation of the
EQA.



EQA IN RESOURCE-LIMITED SETTINGS 

We conclude from this analysis that there are several obstacles to
overcome when applying or implementing an EQA program in clinical
laboratory services. The majority of the difficulties found fall under
the category of external difficulties and involve managing and
preparing samples, allocating funds and supplies, shipping, and
transporting goods.
Other issues that were shown to be related to internal issues included
employee engagement, equipment validation and maintenance, and
integrated national management systems.
Overcoming these obstacles through establishing national EQA
program and providing training about quality management system for
laboratory professionals is vital for better quality of laboratory results
and continuous improvement.



This study shows that not all countries perform to globally accepted EQA performance
standards (note: all participating countries of this study are IFCC member countries)
and that additional future efforts should be devoted to improve this unsatisfactory
situation to the good of improved medical diagnostics and disease treatment of
patients.



EQA IN RESOURCE-LIMITED SETTINGS 

The simple EQA design applied fulfilled our aim of identifying
poor performing laboratories in low to middle income
countries that required further help and support.
We didn't need commutable, metrological traceable material
with APS based on clinical or biological goals to achieve our
aim.
We needed cheap, stable material from a provider that had
global EQA presence where we could use simple peer review
using pragmatic APS criteria.

Answer to referees’ criticisms by the authors of the paper «External quality assessment
performance in ten countries: an IFCC global laboratory quality project « (accepted for
publication in CCLM)
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EQAS: AN INTERNAL TOOL for CLINICAL 
LABORATORIES or FOR HARMONIZATION ?

Individual clinical laboratories are often seen as the primary target for most
EQA programs.
Laboratories try to answer the question, “is my assay working as
expected” ?
However, individual laboratories are often not well-placed to act upon
between-laboratory differences such as may be identified by commutable
EQA samples, especially if they are using measurement systems from
manufacturers.
Still other organisations (often not paying customers for EQA programs) are
explicitly concerned with those same between-laboratory differences as they
are responsible for either reducing any such inter-laboratory differences or
acting on the knowledge of those between laboratory differences.



EQA and HARMONIZATION

HARMONIZATION OF EQA 
PROGRAMS

Criteria for harmonization
(samples, target values, phase(s)
of the TTP)
Purpose(s) of the programs

EQA AS A TOOL FOR 
HARMONIZATION IN 

LABORATORY MEDICINE

Analytical results,

Comparators (measurement
units, reference intervals,
interpretative comments etc)



HARMONIZATION 

The European Organization for External Quality Assurance Providers in
Laboratory Medicine (EQALM) and the “International Consortium for
Harmonization of Clinical Laboratory Results” (ICHCLR) collaborate in an
initiative called HALMA (HArmonization of measurands in Laboratory
Medicine through data Aggregation).
The initiative intends to combine the results from EQA providers that
use commutable samples to assess the harmonization of measurement
procedure results from different IVD MDs used in medical laboratories

Theodorsson E et al Clin Chim Acta 2024



HARMONIZATION

• Investigating the harmonization of in vitro diagnostics using data
from EQA programs has recently gained interest as a tool to
provide insights into between measurement procedure
relationships and correlations

• A major advantage of using EQA data is that, in general, a large
number of measurements are performed per measurement
procedure and the median (or mean) of each EQA sample
thereby reflects true operational performance.

• A key and essential requirement is that the EQA materials are
commutable



The mean differences with the consensus mean of patient-pool–based EQA
samples for all measurement procedures were within the optimum bias
criterion for AFP, the desirable bias for PSA, and the minimum bias criterion
for CEA. However, CEA results <8 µg/L exceeded the minimum bias criterion.
For CA125, CA15-3, and CA19-9, the harmonization status was outside the
minimum bias criterion, with systematic differences identified.







HARMONIZATION and COMMUTABILITY

• Based on the patient-pool–based EQA samples, AFP seems to
be harmonized within the optimal bias criterion (±6.9%), PSA
within the desirable bias criterion (±10.6%), and CEA within
the minimum bias criterion (22.4%).

• The current harmonization status of CA125, CA15-3, and
CA19-9 is outside the minimum bias criteria of ±10.1%, ±
13.9%, and ±21.6%, respectively.

• Results suggest that spiked or modified materials and patient
pools might not provide an adequate EQA material in this
case and, preferably, individual patient samples should be
used.



EQA/PT: FUTURE EFFORTS

Harmonization of EQA/PT programs is need
Programs not only for clinical chemistry, but covering all

subdisciplines of laboratory medicine (quantitative and
qualitative data)
Programs covering not only the analytical but also extra-

analytical phases
Cooperation at an international level should be promoted
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The goals of External quality assurance in thrombosis and hemostasis
(EQATH) include exchanging of information regarding program operations,
exchanging split specimens among programs to determine if there are
differences in practice, participating in value setting of standards, providing
outreach to locations in the world without EQA support of hemostasis
testing in laboratories and targeting improvement in EQA practice by
harmonizing towards best practice.



PERFORMANCE ASSESSMENT: NOT AN EASY 
TASK

A key element in performance assessment of participants in EQA
programs is the use of proper performance criteria and specifications.
Currently, the majority of EQA programs in the field of hemostasis use
the state-of-the-art approach for setting their acceptance limits (e.g. a
particular % deviation from the consensus value, Z-scores, etc.).
However, there is no consensus yet about which acceptance criteria are
most appropriate for performance assessment.



EQA/PT as a TOOL FOR HARMONIZATION 

Treger RS et al. Arch Pathol Lab Med 2024





CONCLUSIONS: Based on the evaluation of this long-term EQA scheme, various
recommendations can be given to improve the quality of molecular genetic
testing, such as the use of 2 different methods for genotyping.





EQA on MOLECULAR
TUMOR PROFILING WITH
CIRCULATING TUMOR
DNA-BASED
METHODOLOGIES

CLIN CHEM 2024; 70: 759-67



EQA: NOT ONLY ANALYTICAL PHASE

It should be noted that while External Quality Assurance (EQA)
traditionally addresses analytical quality, the EQA process can equally
be applied to other aspects of laboratory activities and can be used to
assess both differences in other factors e.g. units, reference intervals
and test names, as well as changes in response to interventions



EXTERNAL QUALITY ASSURANCE (EQA)

ANALYTICAL PHASE: well defined rules (compliance?)
PRE-ANALYTICAL: Pilot schemes

No harmonization guidelines
Only a few EQA shemes available

POST-ANALYTICAL: Measurement Units (harmonization?)
Reference intervals/decision limits
Interpretative comments
Critical values







Fecal occult blood

Equivalent analytical data,
but different cut-offs may
lead to different clinical 

interpretation





- Assessment of competence -

EQAS on morphological evaluation of peripheral blood cell 

All laboratory professionals that perform the 

morphologic evaluation in haematology, have 

to participate in the specific EQA  Scheme. 

Each operator

 has a confidential username and password 

to manage its results and visualize its reports

 evaluates independently the morphology of  

peripheral blood cells, provided by EQA 

Provider, and describes the morphology 

identified and  formulates the diagnostic 

hypothesis
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EQA AND LABORATORY PROFESSIONALS

EQA/PT programs must be organized by third part
scientific/professional organizations safeguarding the
nature and goals of the programs
IQC and EQA are independent but integrated
professional activities that should be managed by
laboratory professionals
Cooperation with manufacturers is increasingly needed,
but professional organizations should ensure autonomy
and governance of the programs



EQA AND LABORATORY PROFESSIONALS

National societies and International Federations (in particular,
IFCC and EFLM) have to assure more and better consideration
to EQA programs which play a fundamental role in laboratory
medicine.
A closer cooperation between scientific bodies, EQA providers
EQALM, manufacturers and regulators should be promoted to
improve the quality and sustainability of EQA programs
There are many issues in EQA programs which require more
concern, further research and harmonization



EQA and HARMONIZATION

Significant differences exist between currently available
EQA/PT programs
Efforts to achieve better harmonization are in progress but
further initiatives are needed to provide valuable guidelines
and recommendations
Clinical laboratories have to select the EQA/PT programs that
comply with the main goals which are to improve quality for
patients and obtain accreditation



THE FUTURE ???



TAKE HOME MESSAGES

• The most valuable tool for inter-laboratory comparisons
• A fundamental requirement for medical laboratory

accreditation (ISO 15189)
• A key tool for harmonizing analytical data, measurement

units, reference intervals, and interpretative comments
• A valuable tool for sharing data and experiences between

laboratory professionals in the same Region/Country and at
an international level



mario.plebani@unipd.it


