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Assessment of Laboratory Tests When Proficiency Testing is Not
Available; Approved Guideline

This document offers methods to assess test performance when proficiency testing (PT) is not available;
these methods include examples with statistical analyses. This document is intended for use by laboratory
managers and testing personnel in traditional clinical laboratories as well as in point-of-care and bedside
testing environments.
A guideline for global application developed through the NCCLS consensus process.

NCCLS...
Serving the World’s Medical Science Community Through Voluntary Consensus
NCCLS is an international, interdisciplinary, nonprofit,
standards-developing, and educational organization that
promotes the development and use of voluntary
consensus standards and guidelines within the healthcare
community. It is recognized worldwide for the
application of its unique consensus process in the
development of standards and guidelines for patient
testing and related healthcare issues. NCCLS is based on
the principle that consensus is an effective and costeffective way to improve patient testing and healthcare
services.
In addition to developing and promoting the use of
voluntary consensus standards and guidelines, NCCLS
provides an open and unbiased forum to address critical
issues affecting the quality of patient testing and health
care.
PUBLICATIONS
An NCCLS document is published as a standard,
guideline, or committee report.
Standard A document developed through the consensus
process that clearly identifies specific, essential
requirements for materials, methods, or practices for use
in an unmodified form. A standard may, in addition,
contain discretionary elements, which are clearly
identified.
Guideline
A document developed through the
consensus process describing criteria for a general
operating practice, procedure, or material for voluntary
use. A guideline may be used as written or modified by
the user to fit specific needs.
Report A document that has not been subjected to
consensus review and is released by the Board of
Directors.
CONSENSUS PROCESS
The NCCLS voluntary consensus process is a protocol
establishing formal criteria for:
•

the authorization of a project

•

the development and open review of documents

•

the revision of documents in response to comments
by users

•

the acceptance of a document as a consensus
standard or guideline.

Most NCCLS documents are subject to two levels of
consensus—“proposed” and “approved.” Depending on

the need for field evaluation or data collection, documents
may also be made available for review at an intermediate
(i.e., “tentative”) consensus level.
Proposed An NCCLS consensus document undergoes the
first stage of review by the healthcare community as a
proposed standard or guideline. The document should
receive a wide and thorough technical review, including an
overall review of its scope, approach, and utility, and a lineby-line review of its technical and editorial content.
Tentative A tentative standard or guideline is made
available for review and comment only when a
recommended method has a well-defined need for a field
evaluation or when a recommended protocol requires that
specific data be collected. It should be reviewed to ensure its
utility.
Approved An approved standard or guideline has achieved
consensus within the healthcare community. It should be
reviewed to assess the utility of the final document, to
ensure attainment of consensus (i.e., that comments on
earlier versions have been satisfactorily addressed), and to
identify the need for additional consensus documents.
NCCLS standards and guidelines represent a consensus
opinion on good practices and reflect the substantial
agreement by materially affected, competent, and interested
parties obtained by following NCCLS’s established
consensus procedures. Provisions in NCCLS standards and
guidelines may be more or less stringent than applicable
regulations. Consequently, conformance to this voluntary
consensus document does not relieve the user of
responsibility for compliance with applicable regulations.
COMMENTS
The comments of users are essential to the consensus
process. Anyone may submit a comment, and all comments
are addressed, according to the consensus process, by the
NCCLS committee that wrote the document. All comments,
including those that result in a change to the document when
published at the next consensus level and those that do not
result in a change, are responded to by the committee in an
appendix to the document. Readers are strongly encouraged
to comment in any form and at any time on any NCCLS
document. Address comments to the NCCLS Executive
Offices, 940 West Valley Road, Suite 1400, Wayne, PA
19087, USA.
VOLUNTEER PARTICIPATION
Healthcare professionals in all specialties are urged to
volunteer for participation in NCCLS projects. Please
contact the NCCLS Executive Offices for additional
information on committee participation.
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Abstract
NCCLS document GP29-AAssessment of Laboratory Tests When Proficiency Testing is Not Available;
Approved Guideline offers methods to assess test performance when formal proficiency testing (PT)
programs (also known as external quality assessment (EQA) programs) are not available. The guideline
includes examples with statistical analyses. This document is intended for use by laboratory managers
and testing personnel in traditional clinical laboratories as well as in point-of-care and bedside testing
environments.
NCCLS. Assessment of Laboratory Tests When Proficiency Testing is Not Available; Approved
Guideline. NCCLS document GP29-A (ISBN 1-56238-479-1). NCCLS, 940 West Valley Road, Suite
1400, Wayne, Pennsylvania 19087-1898 USA, 2002.

THE NCCLS consensus process, which is the mechanism for moving a document through two or more
levels of review by the healthcare community, is an ongoing process. Users should expect revised
editions of any given document. Because rapid changes in technology may affect the procedures,
methods, and protocols in a standard or guideline, users should replace outdated editions with the
current editions of NCCLS documents. Current editions are listed in the NCCLS Catalog, which is
distributed to member organizations, and to nonmembers on request. If your organization is not a
member and would like to become one, and to request a copy of the NCCLS Catalog, contact the
NCCLS Executive Offices. Telephone: 610.688.0100; Fax: 610.688.0700; E-Mail: exoffice@nccls.org;
Website: www.nccls.org
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Foreword
Proficiency testing (PT), also known as external quality assessment (EQA), is an important part of quality
management in the clinical laboratory. PT complements internal quality control to help assure that patient
test results are valid. In many cases, governmental agencies that oversee clinical laboratories require
participation in a formal PT program.
However, formal PT programs are not available for a substantial number of laboratory tests. The reasons
vary. Some analytes are unstable, precluding the preparation of PT materials, or matrix effects may
prevent reliable analysis. Some tests are performed in only a few laboratories, so that it is not practical to
develop a formal PT program. PT is not available for certain pathogenic microorganisms because of the
hazards of transporting the organisms.
This document offers methods to assess test performance when PT is not available. These methods are
termed “alternative assessment procedures,” or AAPs.a The document addresses a variety of tests,
including quantitative analyses of blood, microbiological cultures, morphologic analyses, and in vivo
tests. The options for some of these tests are necessarily rather limited.
The document may be useful for managers, supervisors, and laboratory personnel in traditional
laboratories, as well as personnel performing point-of-care, clinic, and bedside testing.

Key Words
Alternative assessment procedure, external quality assessment, proficiency testing

A Note on Terminology
NCCLS, as a global leader in standardization and harmonization, is firmly committed to achieving global
harmonization wherever possible. Harmonization is a process of recognizing, understanding, and
explaining differences while taking steps to achieve worldwide uniformity. NCCLS recognizes that
medical conventions in the global metrological community have evolved differently in the United States,
Europe, and elsewhere; that these differences are reflected in NCCLS, ISO, and CEN documents; and that
legally required use of terms, regional usage, and different consensus timelines are all obstacles to
harmonization. In light of this, NCCLS recognizes that harmonization of terms facilitates the global
application of standards and deserves immediate attention. Implementation of this policy must be an
evolutionary and educational process that begins with new projects and revisions of existing documents.
In the context of this guideline, it is necessary to point out that several terms are used differently in the
USA and other countries, notably those in Europe.
Also, in order to align the usage of terms to ISO, the term “trueness” is used in this document, when
referring to the closeness of the agreement between the average value from a large series of measurements
and to an accepted reference value. The term “accuracy,” in its metrological sense, refers to the closeness
of the agreement between the result of a (single) measurement and a true value of a measurand, thus
comprising both random and systematic effects.

a

Neither PT nor the procedures described in this document are adequate by themselves to comprehensively validate a test
method.
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The Quality System Approach
NCCLS subscribes to a quality system approach in the development of standards and guidelines, which
facilitates project management; defines a document structure via a template; and provides a process to
identify needed documents through a gap analysis. The approach is based on the model presented in the
most current edition of NCCLS HS1—A Quality System Model for Health Care. The quality system
approach applies a core set of “quality system essentials (QSEs),” basic to any organization, to all
operations in any healthcare service’s path of workflow. The QSEs provide the framework for delivery of
any type of product or service, serving as a manager’s guide. The quality system essentials (QSEs) are:
Documents & Records
Organization
Personnel

Equipment
Purchasing & Inventory
Process Control

Information Management
Occurrence Management
Assessment

Process Improvement
Service & Satisfaction
Facilities & Safety

X

Adapted from NCCLS document HS1— A Quality System Model for Health Care.

xvi
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GP29-A addresses the following quality system essentials (QSEs):
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Assessment of Laboratory Tests When Proficiency Testing is Not Available;
Approved Guideline
1

Introduction

Proficiency testing (PT), also known as external quality assessment (EQA), is a valuable element in
clinical laboratory quality management.1 Many agencies and associations, governmental and nongovernmental, offer PT for numerous analytes. However, for a variety of reasons, PT is not available for
a substantial number of laboratory tests. This document offers guidance to clinical laboratories in the
development of alternative quality assessment procedures (AAPs) when PT is not available.

2

Scope

The guidelines in this document apply to clinical laboratory tests performed in the traditional laboratory
setting, as well as point-of-care testing, and testing in clinics and physician offices. The scope of the
document does not include home testing (i.e., patient self-testing). Quality assessment programs for
home testing have been described.2
This document makes no distinction between regulated and nonregulated analytes, as defined in the U.S.
under the Clinical Laboratory Improvement Amendments of 1988 (CLIA ’88).3 The subcommittee
believes that assessment procedures (either PT or AAPs) to validate ongoing performance are important
for all laboratory tests.
This document suggests general approaches and provides examples, but does not prescribe specific
assessment procedures for individual analytes. The responsibility for selecting specific assessment
procedures lies with the individual clinical laboratory.

3

Standard Precautions

Because it is often impossible to know what might be infectious, all human blood specimens are to be
treated as infectious and handled according to “standard precautions.” Standard precautions are new
guidelines that combine the major features of “universal precautions and body substance isolation”
practices. Standard precautions cover the transmission of any pathogen and thus are more comprehensive
than universal precautions which are intended to apply only to transmission of blood-borne pathogens.
Standard precaution and universal precaution guidelines are available from the U.S. Centers for Disease
Control and Prevention (Guideline for Isolation Precautions in Hospitals. Infection Control and Hospital
Epidemiology. CDC. 1996;Vol 17;1:53-80), (MMWR 1987;36[suppl 2S]2S-18S), and (MMWR
1988;37:377-382, 387-388). For specific precautions for preventing the laboratory transmission of bloodborne infection from laboratory instruments and materials and for recommendations for the management
of blood-borne exposure, refer to NCCLS document M29—Protection of Laboratory Workers from
Occupationally Acquired Infections.

4
4.1

Definitions and Abbreviationsb
Definitions

Accepted reference value – A value that serves as an agreed-upon reference for comparison and which is
derived as: a theoretical or established value based on scientific principles; an assigned value based on
b

Some of these definitions are found in NCCLS document NRSCL8—Terminology and Definitions for Use in NCCLS
Documents. For complete definitions and detailed source information, please refer to the most current edition of that document.
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experimental work of some national or international organization; or a consensus value based on
collaborative experimental work under the auspices of a scientific or engineering group.
Accuracy – Closeness of the agreement between the result of a measurement and an accepted reference
value of the measurand/analyte; NOTE: See Note on Terminology in the Foreword.
Assessment event – A test assessment procedure(s) performed at one point in time.
Audit-sample testing – Testing of stored aliquots from a biologic specimen repeatedly over time in a
specific assay system.
Average: See Mean.
Bias – 1) The systematic, signed deviation of the test results from the accepted reference value; NOTES:
a) Defined in (ISO3534-1/93-3.13) as “the difference between the expectation of the test results and an
accepted reference value”; b) In general, the deviation/difference is based on replicate measurement using
an accepted reference comparison method and the method being tested, and expressed in the units of the
measurement or as a percentage; 2) Interinstrument/intermethod or interlaboratory bias, n - The
difference observed by comparing two specified instruments’ or laboratories’ methods under specified
conditions of analysis, concentration range, method, etc.
Calibration material//Calibrator – A material or device of known, or assigned quantitative
characteristics (e.g., concentration, activity, intensity, reactivity, responsiveness) used to adjust the output
of a measurement procedure or to compare the response obtained with the response of a test specimen
and/or sample.
Coefficient of variation (CV) – For a non-negative characteristic, the ratio of the standard deviation to
the average; NOTE: It is often multiplied by 100 and expressed as a percentage.
Common cause variation – Variation resulting from sources inherent in the testing process; NOTE:
Also known as “random variation” or “process variation.”
Commutable – Degree to which a material yields the same numerical relationships between results of
measurements by a given set of measurement procedures, purporting to measure the same quantity, as
those between the expectations of the relationships for the same procedures applied to those types of
material for which the procedures are intended; NOTE: The degree to which a given material
demonstrates intermethod changes in response (for two or more measurement procedures) comparable to
the changes in response observed for relevant materials, is an indication of the commutability of the
material among the specified measurement procedures.
External quality assessment: See Proficiency testing.
Imprecision: See Precision.
Manufacturer’s product calibrator – The material or materials provided by a manufacturer for the
purpose of establishing the measurement relationships of an in vitro diagnostic device.
Matrix effect – The influence of a sample property, other than the measurand/analyte, on the
measurement, and thereby on the value of the measurand.
Mean – The sum of values divided by the number of values; NOTE: The term “average” [is used] when
referring to the result of a calculation on the data obtained in a sample.
2
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Power of error detection – The statistical probability that a quality control system will detect changes
that exceed defined limits.
Precision – The closeness of agreement between independent test results obtained under
prescribed/stipulated conditions; NOTE: Precision is typically expressed quantitatively in terms of
imprecision—the SD or the CV of the results in a set of replicate measurements.
Proficiency testing//External quality assessment (PT/EQA) – Determination of laboratory testing
performance by means of interlaboratory comparisons; NOTES: a) Commonly, a program periodically
sends multiple specimens to members of a group of laboratories for analysis and/or identification; the
program then compares each laboratory’s results with those of other laboratories in the group and/or with
an assigned value, and reports the results to the participating laboratory and others; b) Other forms of
PT/EQA include: data transformation exercises, single-item testing (where one item is sent to a number
of laboratories sequentially and returned to the program at intervals), and one-off exercises (where
laboratories are provided with a test item on a single occasion).
Quality – 1) Degree to which a set of inherent characteristics fulfills requirements; NOTES: a) The term
“quality” can be used with adjectives such as poor, good, or excellent; b) “Inherent,” as opposed to
“assigned,” means existing in something, especially as a permanent characteristic; 2) Doing the right
thing, right, in a timely manner.
Quality control (QC) – The operational techniques and activities that are used to fulfill requirements for
quality.
Quality management – Coordinated activities to direct and control an organization with regard to
quality; NOTE: Direction and control with regard to quality generally includes establishment of the
quality policy and quality objectives, quality planning, quality control, quality assurance, and quality
improvement.
Reference method – A thoroughly investigated method, in which exact and clear descriptions of the
necessary conditions and procedures are given for the accurate determination of one or more property
values, and in which documented trueness and precision of the method are commensurate with the
method’s use for assessing the trueness of other methods for measuring the same property values, or for
assigning reference method values to reference materials.
Regression analysis – 1) The process of estimating the parameters of a model by optimizing the value of
an objective function and then testing the resulting predictions for statistical significance against an
appropriate null hypothesis model; 2) The process of describing mathematically the relationship between
two or more variables; NOTE: This can include the parametric testing of the statistical significance of
the relationship, if random errors are assumed to be normal; 3) Linear regression – a) A statistical
calculation that results in parameters that describe the assumed linear relationship between values of an
independent and a dependent variable wherein the independent variable is known exactly; b) The process
of estimating the straight-line relationship between an independent and dependent variable, where the
independent variable is known without error; 4) Orthogonal regression – a) A statistical calculation that
results in parameters that describe the assumed linear relationship between values of an independent and a
dependent variable wherein the independent variable is assumed to vary normally; b) The process of
estimating the straight-line relationship between an independent and dependent variable, where the
independent variable is not known exactly.
Sensitivity – 1) In quantitative testing, the change in response of a measuring {system or} instrument
divided by the corresponding change in the stimulus; 2) In the context of QC, the power of error detection
of a QC system.
An NCCLS global consensus guideline. ©NCCLS. All rights reserved.
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Specificity – 1) The ability of a test or procedure to correctly identify or quantify an entity in the presence
of interfering phenomena/influence quantities; 2) In the context of QC, the probability that a QC system
will indicate absence of special cause variation (i.e., process error) when special cause variation is truly
absent; 1 minus the probability of “false alarms” wherein QC data points exceed tolerance limits yet no
error can be identified in the test system.
Special cause variation – Variation from sources outside the testing process; also known as “assignable
cause variation,” or “process error”; NOTE: Sources of special cause variation include interferences,
operator error, instrument malfunction, and deterioration of reagents.
Split-sample testing – A single biologic sample (e.g., tube of blood) divided into aliquots, wherein one
aliquot is tested on a particular assay system (or by a particular analyst), other aliquot(s) are tested on
other instruments(s) (or by other analysts[s]) (often in a different laboratory), and the results are
compared.
Split-specimen testing – A test involving two biologic specimens obtained at the same time from the
same source on two or more different assay systems (or by two or more analysts), often in two or more
different laboratories; NOTE: For example, testing two tubes of blood collected from a particular patient
during the same venipuncture.
[Sample] standard deviation (SD) – 1) A measure of variability//dispersion that is the positive square
root of the population variance; 2) The quantity characterizing the dispersion of the results for a series of
measurements of the same measurand.
Trueness – The closeness of agreement between the average value obtained from a large series of test
results and an accepted reference value; NOTES: a) See also Accuracy, Bias; b) See Note on
Terminology in the Foreword.
Trueness control material – Reference material that is used to assess the bias of measurement of a
measuring system.
Validation – Confirmation, through the provision of objective evidence, that the requirements for a
specific intended use or application have been fulfilled. [ISO 9000:2000; ISO/FDIS 17511]
Variance – A measure of dispersion of observations in a sample/population which is the sum of the
squared deviations of observations from their average divided by {the degrees of freedom}; NOTE:
Usually, the degrees of freedom equals one less than the number of observations.

4.2

Abbreviations

Abbreviations used in this document:
AAP
CLIA
CV
EQA
PT
QC
SD

4

Alternative assessment procedure
Clinical Laboratory Improvement Amendments (U.S.A.)
Coefficient of variation
External quality assessment
Proficiency testing
Quality control
Standard deviation

An NCCLS global consensus guideline. ©NCCLS. All rights reserved.

Volume 22

5

GP29-A

Rationale

Clinical laboratories use internal quality control (QC) procedures as a primary tool to assure the validity
of patient test data. For quantitative assays, these procedures generally employ manufactured materials
that are tested along with patient specimens. Routine QC allows laboratorians to separate variation that is
inherent in the testing process—i.e., common cause variation—from special cause variation resulting
from an abnormal condition affecting the testing process, such as operator error, reagent problems,
incorrect calibration, or instrument malfunction. However, QC has limitations. Among them are the
following:
•

QC is not perfectly sensitive or specific; it does not detect all instances of special cause variation, and
it sometimes inappropriately flags variation inherent in the testing process (i.e., false rejection).

•

QC does not necessarily assess test trueness.

•

QC does not assess comparability of results with other laboratories.

PT/EQA can serve as an additional quality monitor to address these limitations:
•

PT may detect problems/errors that were not detected by the internal QC system. See the most current
edition of NCCLS document GP27—Using Proficiency Testing (PT) to Improve the Clinical
Laboratory.

•

When analytes in PT materials can be traced to a reference method, a laboratory can determine the
accuracy of its analysis under some circumstances (e.g., in the absence of significant matrix effects).4

•

Participation in a PT program enables a laboratory to compare its performance against other
laboratories using similar methods/reagents/instruments.

The functions of PT/EQA have been described in the literature.1,5-12 (See also the most current edition of
NCCLS document GP27— Using Proficiency Testing (PT) to Improve the Clinical Laboratory.)
PT/EQA is, however, not available for many tests. For such tests, laboratories should, when appropriate
and practical, implement an alternative assessment procedure (AAP c).
Certain governmental and nongovernmental certifying and accrediting bodies require participation in PT
and also require laboratories to implement AAPs in the absence of PT.d However, the subcommittee
believes that AAPs are important quality elements in their own right, regardless of the requirements of
certifying/accrediting bodies.
Laboratories (including those performing unique or low-volume analyses—e.g., research laboratories)
should try to develop AAPs that provide information similar to that provided by participation in PT. For
example, patient specimens may be sent to another laboratory(ies) so that data on interlaboratory
comparability is generated (e.g., split-sample procedures; see below). If an AAP can be traced to a
c
Neither proficiency testing nor the alternative assessment procedures discussed in this document are adequate, in themselves, to
validate a test method.
d

In the U.S.A. under the Clinical Laboratory Improvement Amendments of 1988 (CLIA ’88), all laboratories reporting patient
results from nonwaived tests must participate in PT for certain analytes (“regulated analytes”) and implement AAPs for other
tests.13, 14 The College of American Pathologists,15 ISO,16, 17 Clinical Pathology Accreditation (UK), 18 and Joint Commission on
Accreditation of Healthcare Organizations19 also require implementing AAPs when PT is not available. ISO document Quality
Management in the Medical Laboratory requires that laboratories develop AAPs in the absence of PT.17
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reference method, accuracy can be assessed. Even if neither interlaboratory comparison nor evaluation of
accuracy is practical for a particular test, it is still worthwhile to use an AAP to complement QC, because
QC is not perfectly sensitive or specific.
AAPs may often use patient specimens, which have certain advantages over the manufactured materials
frequently used in PT.
•

Matrix effects are reduced when patient specimens are used.

•

The steps in the preanalytic phase of clinical patient testing—specimen acquisition, transportation,
and processing—are not evaluated by PT programs using manufactured testing materials, because the
preanalytic phase of PT differs from patient testing.e In contrast, variables related to preanalytic
processing may be evaluated by an AAP that uses patient specimens. Patient specimens used for
AAPs require attention to stability during storage and transportation between laboratories, to
minimize introduction of additional variability not related to clinical testing performance.

In-house AAPs provide more timely data than does a PT program.

6

Tests for Which PT is Not Availablef

Tests for which PT may not be available include, but are not limited to:
•

Newly developed tests

•

Uncommonly performed/esoteric tests:
–
–
–
–
–
–
–
–

•

Certain drugs:
–
–

•

antibodies to certain organisms (i.e., Bordetella pertussis, Histoplasma, Blastomyces, Influenza A
and B, Parvovirus, Legionella);
skeletal muscle antibodies;
pancreatic polypeptide;
CSF myelin basic protein;
lipoprotein (a);
whole-blood lactate;
vitamin A; and
β-carotene.

felbamate; and
gabapentin.

Tests associated with PT material problems:
–
–

instability of material or lability of analyte (e.g., erythrocyte osmotic fragility, erythrocyte sucrose
hemolysis, cold agglutinins, serum acetoacetate, isoenzymes, serum ammonia, cryoglobulins,
stool leukocyte counts, nasal smear eosinophil count, breath tests);
cellular function assays (e.g., platelet aggregation studies, studies of neutrophil or lymphocyte
function, semen analysis);

e

Most laboratory errors occur in the preanalytic and postanalytic (results reporting) phases.1,20,21 The critical domain of quality
management of specimen identification, accessioning, and results reporting lies outside the scope of this document.

f

To the knowledge of the subcommittee, PT was not available for the analytes/tests listed in this section at the time of writing.

6
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–
–
•

fastidious, difficult-to-grow microorganisms (i.e., Helicobacter pylori);
minimal inhibitory antibiotic concentrations for anaerobes;
serotyping when number of serotypes is large (i.e., Salmonella species);
DNA fingerprinting—number of strains of organisms is large; and
hazardous organisms (biosafety levels 3 and 4) (i.e., dimorphic fungi [Coccidioides, Histoplasma
species], Salmonella typhi, Yersinia pestis).

In vivo testing:
–
–
–
–
–
–
–
–
–
–

•

interstitial fluid (glucose);
stool (cholesterol, yeast culture, leukocyte counts);
saliva (therapeutic drug monitoring, detection of drugs of abuse, ethanol, serology, hormones);
hair analysis (detection of drugs of abuse);
dried blood spots (detection of drugs of abuse; therapeutic drug monitoring); and
whole blood (HDL).

Microbiology issues:
–
–
–
–
–

•

chemical and biologic toxins;
toxin metabolites (i.e., breakdown products of toxins);
protein and DNA adducts; and
heavy metals.

Analytes in unusual matrices/milieus:

–
–
–
–
–
–
•

drug assays;
free-hormone assays; and
trace metal assays.

Tests requiring extensive manipulation of sample, such as detection of markers of environmental
exposure or injury:
–
–
–
–

•

matrix effects (e.g., free-drug assays, free-hormone assays (testosterone, insulin), free prostatespecific antigen);
contamination in highly sensitive analyses (e.g., molecular amplification techniques); and
inability of vendor to provide sufficient material for market demand (e.g., hemoglobin
abnormalities, tumor markers, whole-blood cytogenetics).

Tests associated with container-analyte interactions:
–
–
–

•

GP29-A

bleeding time;
sweat test collection procedure;
reflectance bilirubinometry;
near-IF whole-blood glucose;
breath tests (alcohol, urea, hydrogen, end-tidal CO2, acetone);
indwelling arterial blood gas monitoring;
pulse oximetry;
monitoring of anesthetic gas concentrations;
Schilling test; and
fetal scalp pH.

Geography: laboratory located in area where relevant PT is not offered.

An NCCLS global consensus guideline. ©NCCLS. All rights reserved.

7

Number 26

7

NCCLS

Alternative Assessment Procedures

The laboratory should identify those tests for which PT/EQA is not available and develop an AAP for
such tests whenever possible. AAPs should be documented in the laboratory procedure manual. Each
laboratory should define the frequency of performance and procedures for evaluation of results. In many
cases, performing an AAP twice yearly is adequate.
The laboratory should define the limits of acceptability for each quantitative assessment procedure in
advance, prior to running the procedure. Laboratories may develop limits of acceptability from internal
quality control data (e.g., +/- 2 or 3 standard deviations from the mean), provided that sufficient QC data
exist; or from data in the literature—i.e., standard-based limits derived from biologic variation or clinical
decision points.22-24 A procedure for developing analytic bias and imprecision (uncertainty) tolerance
limits from patient data has been described,25, 26 although a large patient database is required (20,000 test
values). A summary of statistical methods for evaluation of PT data is available.27 This information may
be helpful to laboratories in analyzing results of AAPs.
Over time (i.e., multiple assessment events over years), alternative assessment procedures should employ
samples across the clinically relevant range of the analysis.
Results of AAPs should be documented and retained by the laboratory so that trends can be identified.
Corrective action in response to unacceptable results should be documented.
Some AAPs use patient samples/data. As noted above, advantages of using patient results include
independence from the routine QC system; avoidance of matrix effects; and the capability of evaluating
preanalytic factors, such as the effect of collection systems (e.g., gel-containing blood collection tubes28),
quality of phlebotomy procedure, delays in processing, etc. In addition, the external split-sample
procedure (described below) provides interlaboratory comparison. When adopting split-sample
procedures, laboratories should consider their institutions’ requirements for informed patient consent and
maintenance of patient confidentiality.

7.1
7.1.1

Split-Sample Procedures21, 29
Split Sample with Another Laboratory

One common procedure for externally verifying test results is to send aliquots of samplesg to another
laboratory(ies) for testing. Split-sample procedures evaluate interlaboratory agreement and testing errors,
but do not evaluate trueness (i.e., bias) per se unless the outside laboratory uses a method that is
calibrated to a reference method or reference material.h It is the responsibility of the individual laboratory
to determine the appropriate number of samples/specimens to send for split-sample testing. For many
analytes, two samples/specimens per assessment event is adequate.
Investigators at the Centers for Disease Control (U.S.A.) studied the power of split-sample testing to
detect problems in the analysis of serum total cholesterol and potassium. In this study, the absence of a
discrepancy between samples in the split-sample procedure strongly predicted that the original result was
correct (negative predictive value of 93 to 100%); however, the presence of discrepancy in the splitsample procedure was less predictive of error in the original result (positive predictive value of 43 to
67%).21
g
In split-sample testing, a single biologic sample (e.g., tube of blood) is divided into aliquots. If testing is performed on different
biologic samples obtained at the same time (e.g., two tubes of blood obtained at the same venipuncture) then the term splitspecimen testing is used. These procedures are treated identically for the purposes of this document.
h

Evaluation of trueness may be problematic even in organized PT programs.4

8
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Please refer to Appendixes A and B for an example of a procedure to determine limits of acceptability for
results of quantitative split-sample procedures.
7.1.2

Internal Split-Sample Procedures

Examples of internal split-sample procedures include:
(1) Rerun patient sample by a different method; and
(2) For operator-dependent testing, rerun test using a different operator (for example, in morphologic
analysis).

7.2

Audit-Sample Procedure

Aliquots of a patient specimen are stored by the laboratory and analyzed periodically across time.i
Periodic analysis of aliquots of the audit sample assesses reproducibility and stability of calibration of the
assay. The audit-sample procedure does not evaluate accuracy (i.e., bias),21 nor does it provide
interlaboratory comparison.

7.3

Analysis of Manufacturer’s Product Calibrator or Trueness Control Material

The calibration material provided by the method manufacturer, or another reference material which has
been documented to be either commutable with patients’ specimens for the test procedure, or traceable to
a reference material or procedure,30 can be used to confirm correct performance of a method. When the
method manufacturer’s calibration material or trueness control material is used for an AAP, it is best to
use a different lot of material from that used for method calibration. Caution should be used, however,
because a lot of calibration material may be specific for a lot of reagent. (Note: It is suggested to use
manufacturers’ product calibrator or trueness control material only when there is no other alternative
material or process to provide validation of method performance.)

7.4

Analysis of Interlaboratory Quality Control Data

This assessment procedure includes participation in peer comparison programs that evaluate quality
control data submitted from multiple laboratories. Many manufacturers have such programs. Usually,
however, when PT is not available for a particular analyte, neither are peer comparison programs.

7.5
7.5.1

Analysis of Patient Data
Averages of Patient Data

There is extensive literature describing the use of patient data for the quality control of clinical laboratory
measurements. In the 1950s and 1960s, tracking the daily average of hematology measurements such as
hemoglobin, hematocrit, and red cell counts was proposed as a quality control measure.31,32 This
monitoring of the averages of patient data came into widespread application in the 1970s in a form
commonly known as “Bull’s algorithm.”33-36 This technique compared the average of 20 consecutive
patient values versus an established patient mean value. Methods to monitor a daily mean or an “average
of normals” need not be limited to hematology and have been applied as quality control measures for a
wide variety of clinical laboratory tests.21, 23,28,31-44 (See also the most current edition of NCCLS document
H38—Calibration and Quality Control of Automated Hematology Analyzers.)

i

After an aliquot is removed from storage and tested, it should be discarded and not returned to storage. Returning an aliquot to
storage for later testing may compromise specimen integrity because of denaturation, evaporation, contamination, etc.
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The assumption made for this approach is the average result of a group of specimens will be relatively
constant when the test procedure is stable. For this condition to be true, the results included in the mean
must not include values which are outliers relative to the reference population distribution. This
technique is best applied for test procedures which have a fairly high volume of results during a
reasonably short time period. However, the approach can be considered for lower-volume tests when a
population of test specimens can be identified that are expected to fall in a predictable distribution of
results. In an acute care/hospital setting, if the laboratory can identify specific days when it receives an
increased proportion of abnormal specimens (e.g., weekends, or days when specimens are received from
an oncology clinic or dialysis facility), the best practice might be to exclude the patient data obtained on
those days from the calculations. The literature cited above provides guidance on selecting suitable
numbers of observations and acceptance criteria.
7.5.2

Reference Ranges

Usually, reference ranges are used within a laboratory to provide information for evaluation of individual
patient data. Here we are proposing that periodic reevaluation of reference ranges can be used to validate
test procedure stability within a laboratory and to verify agreement between laboratories.45-49 For this
approach to be effective, the original reference range determination must be robust and clinically
appropriate for the population served by the laboratory, and the new sample must represent the same
reference population with the same preanalytical parameters. The general approach based on NCCLS
document C28—How to Define and Determine Reference Intervals in the Clinical Laboratory is to obtain
test procedure results for a minimum of 20 subjects. A nonparametric analysis that 18 of the 20 results
are within the original reference range validates the continuing applicability of that range with an
approximate 7% probability of false rejection of the existing reference interval. If the criteria are not met,
a second 20 specimens should be obtained and the evaluation repeated. Failure to validate the reference
range would initiate a more detailed investigation to determine if the cause was due to problems with the
analytic test procedure, with preanalytic conditions for specimen collection and handling, or with
sampling the appropriate healthy population.
When larger numbers of results are available (for example, from a computer query over a time period of
weeks or months), histograms of the result distributions can be prepared and compared to previous time
periods and/or to other laboratories’ results. Considerations of outlier identification and exclusion similar
to that described for the “average of normals” technique can be applied to obtain more homogeneous
populations for purposes of comparing stable population groups. Several statistical approaches have been
described to extract adequate reference range data from hospitalized and clinic patient populations that
can be used for AAPs.23,40-42,45-50
7.5.3

Delta-checking

Delta-checking (i.e., evaluating changes in analyte results from an individual patient across time) is
usually used to identify an individual patient’s result that is suspect because of deviation from previous
results for the same patient. Although delta-checking could be used as an AAP, it is usually considered to
be part of routine QC.51 When delta-checking is used as an AAP it may be difficult to determine if an
observed change is due to a clinical change in the patient’s condition or to a test procedure malfunction.

7.6

Reevaluation of Morphologic Analyses

Reevaluation of morphologic analyses includes:
•

review of glass slides by supervisory personnel; and

•

review of “unknown” glass slide sets.

10
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Direct Observation of Technique-Dependent Tests

Personnel performing technique-dependent tests (e.g., sweat test, bleeding time) may be observed by
experienced senior analysts or supervisors. A checklist delineating the factors to be observed should be
used in the evaluation.

7.8

Clinical Correlation Studies

Clinical correlation studies have limited application to routine test assessment, because of the imperfect
correlation of clinical events to laboratory results, as well as biases that may be operating (e.g., test
referral bias, disease classification bias). However, correlation studies may be useful in certain
circumstances, when a specific disorder can be diagnosed or strongly suggested if the laboratory test
result exceeds a threshold value, and the presence of the disorder can be independently determined at a
reasonable point in time after testing. Examples include serum CK-MB or troponin in myocardial
infarction, or amylase in acute pancreatitis.

7.9

Approaches for In Vivo Breath Tests

Hydrogen breath test analyzers are calibrated from a gas cylinder supplied by the manufacturer that
contains a stated amount of hydrogen (usually 94 to 96 ppm). To validate the calibration, the alternatives
are limited but include 1) obtaining a hydrogen gas cylinder from another manufacturer that contains gas
at a different concentration; and 2) using a reference method such as gas-liquid chromatography.
Sampling technique can be validated by obtaining and running duplicate patient samples.j

7.10 Surrogate Organisms
Culture of attenuated strains or morphologically similar organisms can be used as an AAP for culture of
dangerous organisms.

7.11 Use of a PT/EQA Provider from Another Country/Region
A particular analyte may be offered by a PT provider that does not routinely service the laboratory’s area.
However, timely transport of PT specimens across international borders may be difficult to achieve.

7.12 Government and University Interlaboratory Comparison Programs
For some population-based testing that has high sample throughput and an important public health
function, but only a small number of laboratories conducting testing, government or university reference
laboratories provide interlaboratory comparison programs. Examples include testing for very long chain
fatty acids, dried blood spot assays for inborn errors of metabolism in neonates, and genetic testing.

8

Analysis of Data from Qualitative Alternative Assessment Procedures

Results of tests that have binary results—e.g., positive or negative—can be easily validated if there are
ways to determine definitive diagnosis (refer to the most current edition of NCCLS document EP12—
User Protocol for Evaluation of Qualitative Test Performance). When there is no definitive diagnosis, or
comparisons are needed between methods or laboratories, split-sample testing can be valuable, but it
poses a particular problem because of the likelihood of chance agreement. Please refer to Appendix C for
a statistical technique to evaluate data from split-sample studies of qualitative tests. This situation is also
discussed in NCCLS document EP12—User Protocol for Evaluation of Qualitative Test Performance.
j

Personal communication with David Andrews, Ph.D., Clinical Biochemistry, University Hospital Birmingham NHS Trust,
Birmingham, UK.
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Appendix A. Procedure to Determine Allowed Differences Between Laboratories X
and Y in a Split-Sample Program
The following discussion assumes that the laboratory has sufficient experience with the method to know
the capabilities of the method, including internal precision (i.e., repeatability, variance) and biases, if any,
across the entire clinical range of test results. If these are not known, then there is no suitable way to
validate method performance by split-sample procedures.
In external split-sample procedures, usually the outside laboratory(ies) will use the same method, but this
is not necessary as long as the relationship between the methods is known. The laboratories should
understand any differences (including differences in specificity) between the methods. Refer to the most
current edition of NCCLS document EP9—Method Comparison and Bias Estimation Using Patient
Samples for guidance in determining the relative difference between two methods. The most current
editions of NCCLS documents EP7—Interference Testing in Clinical Chemistry and EP21—Total Error
for Clinical Laboratory Methods provide information on estimating differences in specificity.
It is important that the laboratories involved have agreed-on criteria for test assessment before initiating
the split testing. This agreement should include the following:
•

test methods and numbers of tests to use;

•

criteria for determining agreement;

•

whether assessment will be at specific levels or across a range of levels; and

•

procedures to resolve disagreements, which may include:
–
–
–

reruns by one or both laboratories;
whether one of the laboratories is considered the reference for the other(s); and
whether to consult a third laboratory.

The laboratories should retain the results so that eventually comparisons will cover a wide range of
concentrations. The laboratories can assess agreement across this range by plotting results on a twodimensional graph with the result from the laboratory of highest authority (if eitherk) on the horizontal (X)
axis and the other laboratory on the vertical (Y) axis, and a line of perfect agreement (Y=X) drawn in the
body of the graph. The laboratories may discover that their results tend to disagree in a predictable way
(that perhaps is correctable), or that disagreements are random, but are scattered on both sides of the line
of perfect agreement. Visual assessment should be adequate to identify predictable trends, or least squares
regression analysis may be used to assist in the determination.l
It is important that the capabilities of the assessment method are consistent with the uncertainty that is
desired. For example, if at a certain level the internal QC data show typical repeatability (coefficient of
variation) of +/- 2%, then the laboratory can be sure only that real changes of 4% or more will be
reflected in test results on single samples. If for clinical reasons it is important to detect a change of 3%,
k

Traditionally the horizontal axis is used for the independent variable and the vertical axis for the dependent variable. If one of
the laboratories is considered of “higher authority,” then in this context it is considered the comparison laboratory, and its values
should be placed on the horizontal axis.
Technically, orthogonal regression should be used, since both sets of results have error in them, but this is not necessary for the
purpose at hand, and orthogonal regression procedures are not widely available. Least squares regression can be used for basic
descriptive purposes if the test samples cover a broad range of concentrations. Differences between least squares regression and
orthogonal regression are minimal if the tests cover a broad range of concentrations.
l
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then the method is not adequate (it is said to have insufficient power to detect changes of 3%). In such a
case, the laboratory can run the test in duplicate or triplicate and use the mean as the test result. Because
the internal QC CV of a single assay in this example is 2%, the mean of two test results has a CV of
1.4%, and thus the use of duplicate testing provides the laboratory with reasonable power to detect real
changes of 3% or more.
The following example demonstrates the use of a formula to calculate the confidence interval for the
difference between results from two procedures or two laboratories, based on data that have been
accumulated over several years of split-sample testing. For this analysis to be valid, the testing systems in
each laboratory must have been stable over the period of data accumulation.
Two laboratories run a test for serum antibody IgZ1. Occasionally they send samples to each other for
validation of the performance of the test, and each laboratory runs each test in duplicate. Table A1 shows
the results for 18 samples tested by the two laboratories. For convenience, they are ordered by
concentration.
Table A1. IgZ1 Results from Laboratories X and Y. Results on duplicate samples for 18 patients,
arranged in ascending antibody levels. Differences between laboratory averages and the allowed
difference are noted.

Sample
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

Laboratory X
Rep1
Rep2

Laboratory Y
Rep1
Rep2

790
861
1051
1846
1894
2014
2484
2405
2560
2612
5755
5812
8705
9116
10029
11736
12554
14473

630
543
725
1419
1974
1550
1640
2096
2181
1961
8415
6424
6619
10591
10697
9393
13874
15106

800
905
1174
1846
1820
2270
2460
2684
3065
3065
5585
5812
8473
8671
9880
12585
12807
14705

577
664
784
1632
2363
1451
1416
2535
2340
1887
8166
7171
5989
9875
10486
10591
13509
15174

Averages from X and Y
Average Average Diff. X-Y Allowedm
X
Y
795.0
603.5
191.5
290.3
883.0
603.5
279.5
322.4
1112.5
754.5
358.0
406.2
1846.0
1525.5
320.5
674.0
1857.0
2168.5
-311.5
678.0
2142.0
1500.5
641.5
782.1
2472.0
1528.0
944.0
902.5
2544.5
2315.5
229.0
929.0
2812.5
2260.5
552.0
1026.9
2838.5
1924.0
914.5
1036.4
5670.0
8290.5
-2620.5
2070.2
5812.0
6797.5
-985.5
2122.0
8589.0
6304.0
2285
3135.9
8893.5 10233.0
-1339.5
3247.1
9954.5 10591.5
-63.0
3634.5
12160.5
9992.0
2168.5
4439.9
12680.5 13691.5
-1011.0
4629.7
14589.0 15140.0
-551.0
5326.6

Assume that the laboratories have assessed their tests in-house by running routine replicates on patient
samples. Laboratory X is more experienced with the test, and is acknowledged as the more reliable of the
two laboratories for this test. The standard deviations from the in-house repeat tests show that in
Laboratory X the repeatability (precision) CV is approximately 10% across the range of concentrations
tested. In Laboratory Y the repeatability is approximately CV 12%. Further, a published study suggests
that interlaboratory variability is approximately CV 15%, which will be used as the clinically acceptable
agreement.

m

Calculated as shown by Formula (1) below.
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Therefore we assume the following:
A

= antibody level measured by Laboratory X

α

= confidence level

σX2 = repeatability variance for Laboratory X ≈ (.10*A)2
σY2 = repeatability variance for Laboratory Y ≈ (.12*A)2
σl2 = interlaboratory variance ≈ (.15*A)2
nX = nY = number of replicates from each laboratory (can be 1)
z1-α/2 = percentile of the normal distribution corresponding to the level 1-α/2

Note that repeatability variances can come from QC data or published method capability sources as in this
example.n If QC data are used, σX2 and σY2 equal the square of the standard deviation of the applicable
internal QC data. Repeatability variances can also be estimated from the split-sample data, if multiple
replicates are used. The laboratory repeatability is calculated as the pooled proportional difference
between replicates [(Rep1-Rep2)/((Rep1+Rep2)/2))]. This ratio is squared, the squared terms are then
summed over all samples, and the sum is divided by the number of samples minus 1 to give the σX2 or
σY2, respectively. Similarly, we could estimate the interlaboratory variance by first calculating the sum of
squared differences, divided by the number of samples minus 1. This is the variance of the differences;
the interlaboratory variance would then be estimated by subtracting the combined repeatability variance
(S2r = (sx2 + sy2/2)). If the repeatability variance exceeds the variance of differences, the interlaboratory
variance is set at zero. If interlaboratory variance is unknown at the initiation of a split-sample
comparison program, or if it can be assumed that the laboratories should produce equivalent results,
interlaboratory variance can be set at 0.
If the estimates of variability had not been available elsewhere, they could have been estimated from the
data in Table A1.
Allowed limits are determined with formula XYZ, as follows:
[Formula (1)]





2
Allowed difference D = z1−α /2  σ 1 +

2

2

σX
σ
+ Y
nX
nY






If the difference between any pair of individual results lies within the confidence interval, the difference
is not statistically significant, and the results can be considered equivalent for the individual sample.
At, for example A = 2470:

σX2
σY2
σ l2
nX
α

z1-α/2
D
D
n

= (.10*2470)2 = 61009
= (.12*2470)2 = 87853
= (.15*2470)2 = 137270
= nY = 2
= confidence level = .95
= 1.96
= 1.96 (square root of) [137270+61009/2+87853/2]
= 1.96 (460) = 902

Refer to the first part of Section 7 for further suggestions of ways to define limits of acceptability for variance in AAPs.

18
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So at this level of antibody, a difference of up to 900 would be expected. Note that Sample 7 was at this
level of antibody, and the observed difference exceeds the allowed limit. Sample 11 shows an even
greater difference.
The following chart shows the averages plotted, with the line of equality and the allowed differences.
One can see that Sample 7 barely exceeds the limits, while Sample 11 is quite far from the expected
difference. Both samples should be investigated for anomalies.

Antibody IgZ1 in Laboratories X & Y
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The middle line represents perfect agreement; the upper and lower lines represent the acceptable
difference for results.
Calculations are not shown here, but for these samples we would get estimates of variance as follows:
sx = 0.08 (compared with .10 from internal QC data)
sy = 0.11 (compared with .12 from internal QC data)
sl = 0.21 (compared with .15 assumed from literature report)
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Appendix B. Method for Determination of Agreement with a Reference Method
If the method of the outside laboratory can be considered to be a reference method, the following
calculation of confidence intervals to determine agreement can be used:
The formula for a confidence interval (CI) at any level L can be expressed as:
[Formula (2)]

CI = L + B ± Z1− α/2

σ2
n

where:
z1-α/2
L
B

σ2
n

= percentile of the standard normal distribution for stated confidence level 1-α (e.g. 95% or 99%)
= concentration level of interest (usually the level tested in the external verification experiment)
= known bias or difference between test method and reference method (often B=0)
= variance of the test method at level L
= number of replicates used in verification procedure

If the external test result lies within the confidence interval, then the method is considered to have passed
the verification at that level.

20
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Appendix C. Statistical Evaluation of Qualitative Split-Sample Results*
Tests that have binary results—e.g., positive or negative—pose a particular problem in split-sample
testing, because of the likelihood of chance agreement between two laboratories. To evaluate the
contribution of chance to agreement between two sets of data, the kappa statistic may be used. The kappa
statistic compares observed agreement with agreement that might be expected by chance. Kappa values
range from +1 (complete agreement) through 0 (no agreement beyond that expected by chance) to –1
(complete disagreement—which in the laboratory setting suggests systematic reversal of results, perhaps
by clerical or programming error). Kappa values above 0.8 can be considered excellent analytic
agreement, and those between 0.6 and 0.8 can be considered to be reasonable agreement. With samples of
20 or more, kappa larger than 0.5 is statistically significant, indicating that agreement is not entirely due
to chance.
The kappa statistic is calculated as follows for two laboratories, A and B:
Kappa=(observed agreement – chance agreement)/(1-chance agreement)
Chance agreement=(proportion of negative results, Laboratory A) x (proportion of negative results,
Laboratory B) + (proportion of positive results, Laboratory A) x (proportion of positive results,
Laboratory B)
For example, Laboratories A and B have performed split-sample testing on 29 specimens over the past
several years, with the following result:

Laboratory B
Negative
Positive
Total

Laboratory A
Negative Positive

Total

9
(31.0%)
1
(3.5%)
10
(34.5%)

14 (48.3%)

5
(17.2%)
14
(48.3%)
19
(65.5%)

15 (51.7%)
29 (100%)

Using the data from the table (and multiplying the percentage figures by .01):
observed agreement = (9+14)/29 = .793.
chance agreement = (.483 x .345) + (.517 x .655) = .505.
Thus, kappa = (.793 - .505)/(1 - .505) = .58.
With this size sample, kappa = .58 indicates that the agreement between laboratories is not extremely
strong, but is greater than could have occurred by chance alone.
Kappa is useful for comparing agreement on different tests, agreement between different laboratories, or
tracking changes over time. This can assist in finding causes for the disagreement.

*

Adapted from Dunn G, Everitt BS. Clinical Biostatistics: An Introduction to Evidence Based Medicine. London: Edward
Arnold; 1995. Reproduced by permission of Arnold Publishers.
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NCCLS consensus procedures include an appeals process that is described in detail in Section 9 of
the Administrative Procedures. For further information contact the Executive Offices or visit our
website at www.nccls.org.

Summary of Comments and Subcommittee Responses
GP29-P: Validation of Laboratory Tests When Proficiency Testing is Not Available; Proposed Guideline
Section 5
1. I would suggest that it is made clear in Section 5 that these are categories of tests with examples for
which PT may not be available, but that the list is not all-inclusive. We have found no PT available
for vitamin A or carotene, among others and I’m sure there are many drugs for which PT is also
unavailable.
•

The list was not intended to be all-inclusive, but a clarifying statement has been added. The
suggested analytes have been added to the list.

Section 6
2. 2nd paragraph, final sentence. It would be appropriate to mention that laboratories should consider
national guidance as well as the institution's requirements with respect to informed patient consent
and maintenance of patient confidentiality.
•

The subcommittee believes that the wording “their institution’s requirements for informed
patient consent…etc.” is adequate, because institutions should take into account local, regional,
and national guidelines as well as laws and regulations. Additional language regarding national
guidelines would be redundant.

Section 6.5
3. Penultimate paragraph. It would be useful to stress the importance of individual laboratories
establishing their own reference ranges for the population they serve, rather than relying on reference
ranges quoted by instrument manufacturers.
•

Language addressing this issue has been added.

Section 7.1
4. Critiques of the sections on statistical analysis of split-sample and patient data were specifically
requested. I have spent some time studying these and find them logical and straightforward. The
example in paragraph 7.1 will be particularly helpful.
•

The subcommittee appreciates the input (and the example was moved to Appendixes A and B).

Section 7.1.1
5. The statistical treatment of split-sample testing should be removed to an appendix. The example given
should be more clearly labeled as an example rather than a prescription for the number of samples to
be split. The appendix should also offer an approach to the analysis of qualitative analysis split
between two laboratories.
22
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The example has been moved to Appendixes A and B. Text has been added to emphasize that it
is the responsibility of the laboratory to determine the number of samples to be tested. An
approach to analysis of data from qualitative split-sample testing has been added in Appendix
C.

6. The target value in split-sample testing may be based upon clinical criteria. For example, suppose
that a qualitative test had three possible results: reactive, indeterminate, and nonreactive. The lab
knows that clinicians will treat only on the basis of a reactive result. Therefore, split-sampling that
results in an indeterminate result from one lab and a nonreactive from another may be considered a
verification of accuracy.
•

The document in fact states that clinical criteria may define limits of acceptability of results of
alternative assessment procedures (Section 6, second paragraph).

7. The document should address the number and periodicity of analytic verifications without being
prescriptive. A statement like, “Verification of two analyses every six months for esoteric tests is
adequate,” is suggested.
•

This point is covered in the document. See footnote f: “In the U.S., CLIA ’88 requires that
AAPs be performed twice yearly.12 This is adequate for most situations.” The language has
been edited slightly.

An NCCLS global consensus guideline. ©NCCLS. All rights reserved.
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Summary of Delegate Comments and Committee Responses
GP29-A: Validation of Laboratory Tests When Proficiency Testing is Not Available; Approved Guideline
General
1. Overall, this is a very good document for medical technologists. However, this document would not
be used by staff in a physician's office laboratory (POL), because it would be too technical and
assumes a knowledge base most staff in a POL do not have.
•

The document was crafted to be useful to a wide constituency of laboratorians, and so technical
material was included. The subcommittee believes that some of the concepts presented in the
document—split-sample testing, re-evaluation of morphologic analysis, direct observation by
supervisors—are easily understood in their essence by nontechnical personnel, and may be
useful to them. However, the document was not intended to serve as a primer in quality
management of laboratory testing.

Title
2. The title of this document misuses an internationally defined term, i.e., validation. GP29 suggests
that proficiency testing (PT) is used to validate a test method. PT does not validate a test method. PT
is used to monitor performance after it has been validated. I believe the title should probably read,
"Assessment of Laboratory Tests When Proficiency Testing is Not Available."
ISO has clear definitions of validation and verification, which have been accepted by FDA, the IVD
industry, ILAC and others who use NCCLS documents. Furthermore, test method validation has very
specific meaning and expectations in FDA-regulated industries, including the IVD industry, and there
are guidelines on validation of analytical methods that have been published by the International
Conference on Harmonization that have been widely adapted for use in the IVD industry (ICH Q2A
and Q2B - available on the FDA website).
In a nutshell, test method validation means demonstrating with objective evidence that the method is
suitable for its intended use. The process of validation is not trivial. It requires clear definition of the
requirements of the test method (in the case of the clinical lab, they would depend on the medical use
of the results), and demonstration that the analytical performance characteristics (bias, imprecision,
specificity, linearity, etc.) satisfied the medical need. Validation is done after the performance of the
method as been characterized and before the method is used to report results. Typically, validation
studies require an approved protocol with a statistically valid study design and predetermined
acceptance criteria, to ensure the validation is objective and scientifically sound.
Once a method has been validated, it is monitored by internal quality control and external PT to
verify its performance remains stable. This can be viewed as a continuation of the validation, but it is
not the validation.
The terms validation and verification have been loosely used in the clinical lab, partly due to their
introduction by CLIA without a clear understanding of their meaning. NCCLS can help rectify that,
but if an NCCLS document is published that implies a method can be validated by running PT
samples, or by the alternative strategies outlined in GP29, NCCLS will just add to the confusion in
the clinical labs and lose credibility among the industry sector and the international community.
•

24

Based on input from the NCCLS Harmonization Group, the subcommittee has replaced the
term “validation” with “assessment.”
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3. The document would be better if it described a more coherent process for (1) transferring a validated
method from one lab (or from a manufacturer) to another lab, and (2) monitoring its performance via
PT or an alternative performance assessment procedure. NCCLS might want to consider a guideline
for clinical labs that describes how to conduct a transfer study when bringing a validated method into
the lab. That could help eliminate a lot of confusion and unnecessary work, since commercial
systems sold by manufacturers have already been validated and do not require revalidation by the lab,
only a demonstration that they are performing as intended.
•

Regarding (1), the scope of the document does not include transfer studies or initial validation
when a method is introduced to a laboratory. These issues are addressed in NCCLS documents
EP9—Method Comparison and Bias Estimation Using Patient Samples; EP12—User Protocol for
Evaluation of Qualitative Test Performance; and EP15—User Demonstration of Performance for
Precision and Accuracy. Regarding (2), the scope of the document does include monitoring test
performance by alternative methods when PT is unavailable, but not monitoring performance
by PT per se.

Foreword
4. The methods described in this document are not sufficient to validate tests. They are options to
include in the rigorous process needed for validation. (See Comment 6.) I recommend editing the
sentence as follows: “…methods to help validate tests…” There is also no distinction between
validation of analytical performance (achieving “trueness”) from clinical performance, which is
meeting the intended use of the method. These might not be the same.
•

The subcommittee did not intend to imply that PT or alternative procedures are sufficient in
themselves to validate test performance in the sense of “demonstrating with objective evidence
that the method is suitable for clinical use.” (ISO definition)
The wording of the Foreword has been modified for clarity.
The term “validation” has been replaced by “assessment” in the document (see response to
Comment 2 above).
The document does not address assessment of “trueness” or accuracy except where specifically
noted (for example, Section 5, fifth bullet). The document primarily focuses on subsets of
clinical performance assessment which are addressed by PT or alternative procedures, such as
error detection and interlaboratory comparability. Refer to Section 5 of the document.

Introduction
5. The fourth sentence of the first paragraph gives the impression that PT is a validation of truth and that
PT is a necessary requirement for validation. Neither, of course, is true. I recommend editing the
sentence as follows: “…development of alternative procedures that can be used to help validate tests
if PT is not available or does not fulfill the need of the validation plan.”
•

As noted in the response to Comment 2 above, the term “validation” has been replaced by
“assessment.” The sentence has been edited to read, “This document offers guidance to clinical
laboratories in the development of alternative assessment procedures (AAPs) when PT is not
available.”

An NCCLS global consensus guideline. ©NCCLS. All rights reserved.
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Section 4.1 (formerly Section 3.1)
6. Quality systems (Quality System regulation and ISO 9000) have a definition for "validation" that
should be used. It is more descriptive and provides consistency with accepted standards (i.e.,
Validation: Confirmation by examination and provision of objective evidence that the particular
requirements for a specific intended use can be consistently fulfilled).
•

The term “validation” has been replaced by “assessment,” as described in the response to
Comment 2 above.

Section 5 (formerly Section 4)
7. Some PT programs use native specimens or specimen pools. Therefore, we recommend rewording the
sixth paragraph to read, "AVPs may use patient specimens which have certain advantages over
manufactured materials frequently used in PT programs."
•

The suggested change has been made.

8. I believe the following sentence is misleading: “Unlike PT, a AVPs may use patient specimens, which
have certain advantages over the manufactured materials used in PT.” Our EQA program uses some
patient specimens (for smaller numbers of users). Suggest revising to read, “Unlike THE MAJORITY
OF PT, AVPs may use patient specimens, which have certain advantages over the manufactured
materials USUALLY used in PT.”
•

See response to Comment 7 above.

Section 7 (formerly Section 6)
9. Although using internal QC data for establishing goals is valid, there are two issues with including
this recommendation without further qualification. (1) It is unlikely that a new test would have
sufficient data to use to establish robust goals that would include sources of variability that are known
only after longer use, e.g., calibration, lot, operator, stability, etc. (2) QC data provide a limited
picture of test capability (see Comment 17).
I recommend that the subcommittee revisit this paragraph. Defining limits for acceptance a priori is a
requirement for quality systems (and clearly indicated). However, it is dangerous to establish limits
(specifications) for a parameter, assumed to be “total allowable error,” which is assumed to be the
objective of PT when internal QC for a new test would not “capture” other components of
reproducibility. Also, it is not at all capable of providing objective evidence of test specificity –
freedom from interference. Consult WH Lawton, EA Sylvestre, BJ Young-Ferraro. Statistical
comparison of multiple analytic procedures: application to clinical chemistry; Technometrics. 1979;
21:397-406.
•

26

Regarding the first point, a caveat has been added to Section 7 as follows: “provided that
sufficient QC data exist.” Regarding the second point, the subcommittee agrees that QC data
address only one aspect of a method’s capability. QC performance is used in this section as an
example of one of several data sources that can be used to establish acceptance criteria for
AAPs. The change of terminology in the document from AVP to AAP should clarify that these
techniques are not intended to comprehensively validate test performance.
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Section 7.1.1 (formerly Section 6.1.1)
10. What does the committee suggest on how to provide a split (purulent) sputum sample to another
laboratory for validation?
•

The response to the comment is dependent on the test of being studied. If the test of interest is
culture, for example, a single sample must be split and evaluated immediately, in real time, by
both laboratories. If the test under consideration is a cytologic evaluation, an aliquot of
preserved sample can be taken and evaluated by the second laboratory when convenient to do
so; alternatively, the first laboratory can simply send slides to the second laboratory for review
after the first laboratory has completed its evaluation. This last alternative does not include the
evaluation of slide preparation and staining in the split-sample study, however.

11. While I do not disagree with the statement that “…split-sample testing (procedures) do not evaluate
trueness (bias) per se unless the outside laboratory uses a reference method”, this same argument
could be used against most proficiency testing materials, which derive their acceptable ranges by a
consensus of results from several labs. In fact, for many clinical chemistry tests, the manufacturers
calibrate their instruments to a reference method or reference material. Because of that, one could
argue that between-laboratory comparisons of measurements on split-sample do evaluate accuracy.
We have used weekly whole blood split-sample comparisons for many years for our blood
gas/electrolyte/glucose analyzers. My experience has been that it is one of the most reliable indicators
of analytical deviations.
•

As the subcommittee reads the above comment, there is no disagreement with the document.
To clarify the issue, the statement in Section 7.1.1 is changed to read, “split-sample
procedures…do not evaluate trueness …unless the outside laboratory uses a method that is
calibrated to a reference method or reference material.”

Section 7.3 (formerly Section 6.3)
12. Commutable is too stringent a requirement. There is a new ISO/EN proposed standard on calibrator
traceability that could be referenced to satisfy this need as well. I recommend editing the sentence as
follows: “documented to be commutable with patients’ specimens or are traceable to a reference
material or procedure to confirm correct performance…” (Reference prEN ISO 17511).
•

The subcommittee agrees with the comment and has made the recommended change.

Section 7.5.3 (formerly Section 6.5.3)
13. Delete this section. Delta checking is not an effective mechanism for method validation. It is most
effective for identifying sample mix-ups, but is not sufficiently sensitive to identify other issues. If
used, it has the significant risk of providing a false sense of security that the method is meeting its
intended use (the goal of test validation).
•

The section is retained, because circumstances might exist in which delta checking is the only
feasible alternative assessment method. The subcommittee agrees that delta checking is not a
robust means of test assessment. See the responses to Comments 2 and 4 above, which clarify
that the document does not address comprehensive validation of test methods.

Sections 7.6, 7.9, and 7.10 (formerly Sections 6.6, 6.9, and 6.10, respectively)
14. While the rest of the document describes procedures that are generally applicable to nearly all
laboratory tests, these sections apply to very specific tests. I would guess that these topics have been
An NCCLS global consensus guideline. ©NCCLS. All rights reserved.
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well debated before, so my only suggestion would be to group these all under one section with the
title to describe their application to specific limited-scope tests.
•

The subcommittee agrees that these topics have been discussed before, but feels that the
document is easy to follow as it is presently organized.

Section 7.8 (formerly Section 6.8)
15. The sense of this section is false as written. I agree this has limited value, but when needed, it is
invaluable. Many new tests can only be assessed as effective against its ability to support diagnosis or
reasonably reflect the affects of therapy. Rewrite to provide guidance when clinical correlation
studies are useful, while pointing out the limitations. Eliminate inference that it cannot be used for
validation “because of the imperfect correlation of clinical events to laboratory results…” Few tests
(that are used for specific diagnosis or disease monitoring) are “perfect;” that is the value of clinical
specificity and sensitivity studies.
•

The point of this section is that clinical correlation studies are useful for certain tests—
generally, tests that are evaluated against a threshold value for the diagnosis of a specific
disorder, the presence of which can be verified independently with a reasonable amount of
effort. Examples include serum CK-MB for the diagnosis of acute myocardial infarction and
serum amylase for the diagnosis of acute pancreatitis. Clinical correlation is not as useful for a
test which may be abnormal in many disorders, or when the presence or absence of the
disorder(s) under study is not amenable to timely independent verification. The wording in
Section 7.8 has been changed to clarify this point.

Section 8 (formerly Section 7)
16. There is only one substantive recommendation, which is if a definitive diagnosis is available. Yet,
even with the caveats mentioned, there are many tests that have used clinical sensitivity and
specificity for validation, even when there is no “ gold standard” for definitive diagnoses. (See
Comment 14. Appendix C is very helpful and can be used to mollify the concerns of Section 7.)
•

As the subcommittee reads the comment, the reviewed does not appear to disagree with the
discussion in Section 8.

Appendix A (formerly Appendix A, Part 1)
17. The advice in the fourth paragraph is true, but using QC results does not satisfy the need of validating
a method to assure that the total allowable error can be achieved. See Comment 9. An alternative is to
budget allowable error into bias, precision (repeatability and reproducibility), and method specificity
(see article referenced in Comment 9). This approach, although easier to verify performance, is much
more difficult to develop.
•

28

The techniques presented in this document are intended to provide ongoing assessment of the
validity of laboratory tests. The techniques are not intended to “satisfy the need of validating a
method to assure that the total allowable error can be achieved.” (See responses to Comments
2 and 4 above). Aspects of method validation are addressed in the most current editions of
NCCLS documents EP5—Evaluation of Precision Performance of Clinical Chemistry Devices;
EP6—Evaluation of the Linearity of Quantitative Analytical Methods; EP7—Interference Testing
in Clinical Chemistry; and EP9—Method Comparison and Bias Estimation Using Patient
Samples. Considerations in the estimation of total error are contained in the current edition of
NCCLS document EP21—Total Error for Clinical Laboratory Methods.
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18. This is a standard method for doing this analysis, but it does not account for one of the more common
sources of difference between two methods: specificity [often demonstrated in a method’s sensitivity
to matrix effects]. Add a comment that this is useful, but the estimate is based on repeatability and
reproducibility only. Note Comment 9 about the probable limited data available for a new method.

•

The procedure in Appendixes A and B states that the laboratories either use the same method,
or that the methods must have a “known relationship.” This statement implies that there are
no specificity differences. A comment on this subject has been added to the document.

Appendix B (formerly Appendix A, Part 2)
19. See concern mentioned in Comment 17 above. Method validation must include an understanding of
specificity.
•

See the response to Comment 18 above. Also, as noted above (see responses to Comments 2 and
4), the document does not address initial test validation, but rather ongoing assessment.

Summary of Comments and Subcommittee Responses
20. The response to Comment 7 is not sufficiently broad. I view this document as helpful for several
purposes, including for use by laboratories that develop their own tests and need to perform routine
verification of performance. Include a statement in footnote f with regard to other reasons to verify
performance. (Note: verification is defined as “confirmation by examination and provision of
objective evidence that specified requirements have been fulfilled.” This is an acceptable means of
confirming that the method still meets its intended use.) Reasons to either re-validate (probably not
required) or to verify conformance to specifications can include such things as raw material changes,
e.g., a new antibody source.
•

The document discusses assessment of test performance when PT is not available. Verification
may be needed for other reasons, but these lie outside the scope of the document. See the
responses to Comments 2 and 4 above.
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Related NCCLS Publications*
EP9-A2

Method Comparison and Bias Estimation Using Patient Samples; Approved
Guideline—Second Edition (2002). This document addresses procedures for determining
the bias between two clinical methods or devices, and for the design of a method
comparison experiment using split patient samples and data analysis.

EP14-A

Evaluation of Matrix Effects; Approved Guideline (2001). This document provides
guidance for evaluating the error or bias in analyte measurements that is due to the sample
matrix (physiological or artificial) when two analytical methods are compared.

GP27-A

Using Proficiency Testing (PT) to Improve the Clinical Laboratory; Approved
Guideline (1999). This guideline provides assistance to laboratories in using proficiency
testing as a quality improvement tool.

HS1-A

A Quality System Model for Health Care; Approved Guideline (2002). This document
provides a model for healthcare service providers that will assist with implementation and
maintenance of effective quality systems.

NRSCL8-A

Terminology and Definitions for Use in NCCLS Documents; Approved Standard
(1998). This document provides standard definitions for use in NCCLS standards and
guidelines, and for submitting candidate reference methods and materials to the National
Reference System for the Clinical Laboratory (NRSCL).

*

Proposed- and tentative-level documents are being advanced through the NCCLS consensus process; therefore, readers should
refer to the most recent editions.
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