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Andrea R. Horvath5†
Background: Guidelines are commonly used tools for
supporting medical decisions. Formulating evidencebased recommendations has become a leading principle
in guideline development.
Aim: This narrative review integrates the most recent
methods of evidence-based guideline development and
adapts those to the field of laboratory medicine.
Summary: We present a 10-step process and a list of
criteria for the development of laboratory guidelines.
Laboratory guidelines should be outcome oriented, be
developed by a multidisciplinary team, and begin with
a clear statement of the clinical question(s) that the use
of the test(s) is addressing. The clinical questions define
the type of study designs that offer the best evidence to
answer those questions. Guidelines should be based on
the critical appraisal and systematic review of literature
and explicitly state the strength of evidence supporting
each recommendation. Pragmatic considerations dictate
that priority is given to topics with the highest clinical
or economic impact. Scientific evidence is necessary but
insufficient for recommendations, as considered judgment is required about benefits, harms, costs, and local
applicability of recommendations. Formal consensus
methods are needed when the evidence base is lacking
or controversial. Guidelines should be disseminated
widely and their impact monitored regularly. Regular

reviewing is needed because the lack of timely updates
is a major cause of nonadherence to guidelines.
Conclusions: Guidelines should be developed in a
transparent process by a multidisciplinary team, with
graded recommendations based on critically appraised
scientific studies. Systematic, standardized, and explicit
methodology, adapted to laboratory medicine, should
be followed when developing recommendations involving the use of laboratory tests.
© 2004 American Association for Clinical Chemistry

Clinical practice guidelines aim at improving health outcomes by recommending effective interventions and advising against unnecessary, ineffective or harmful ones.
Guidelines combine scientific evidence with patients’
choices, clinicians’ experience, and the availability of
resources (1 ). Guidelines are developed for a variety of
purposes:
•

•
•

•
•

•
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•

•
•
•

To disseminate best practice based on systematically
appraised scientific evidence;
To decrease practice variation;
To improve the reliability of medical decisions by use of
standardized criteria;
To improve quality of care and outcomes of patients;
To decrease harm to patients and the misfortune of
professional misconduct and court cases;
To increase explicitness, transparency, and patients’
information and autonomy of choice, thus facilitating
ethical practice;
To facilitate training, education, and continual professional development;
To help target research to areas of uncertainty;
To inform policymakers, payers, and managers; and
To decrease costs and improve cost-effectiveness.

Clinical guidelines are statements that help healthcare
professionals to make decisions about the appropriate
and effective care for their patients (2 ). Guidelines are
most valuable where there is practice variation that affects
patient outcomes and when there is strong evidence for
or against certain interventions (2, 3 ). Guidelines provide
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recommendations for best practice and serve as an aid to
clinical judgment without replacing it (3 ). They must not
be seen as rigid standards or protocols of practice, but
rather as quality improvement tools, and noncompliance
with best practices may be justifiable in individual situations (4, 5 ). In laboratory medicine, guidelines provide
recommendations on the use of a wide range of tests in
detecting or predicting a target condition, for staging and
monitoring a disease, and for decisions to initiate, modify,
or terminate treatments (6 ).
Guideline development methods vary (7 ) and mostly
rely on approaches for making therapeutic recommendations. Such approaches cannot be fully applied to diagnostic guidelines, and special methodologic standards are
required for guideline development in laboratory medicine.

aims and objectives
In view of the above, the Committee on Evidence-based
Laboratory Medicine of the IFCC reviewed the methods
of several guideline development agencies and the methods of the “state of the art” of evidence-based diagnosis
and adapted those principles to the specialist field of
laboratory medicine. It is beyond the scope of this narrative review to discuss in depth the numerous methodologic and practical issues related to the development of
evidence-based diagnostic guidelines. Throughout the
text, however, interested readers are referred to literature
that covers these aspects in detail. This review is targeted
at professionals involved in developing and using guideline recommendations in laboratory medicine. We hope it
will contribute to the improvement of the quality of
guidelines on the use of laboratory tests.

types of guidelines
There are several methods for developing guidelines:
Opinion-based guidelines. One or more experts in the field
publish their recommendations. This process is not considered evidence based, and other expert groups may
oppose the presented views.
Consensus-based guidelines. These have the advantages that
their development is relatively rapid and inexpensive and
that there is a high acceptance among users. The limitations of this approach are that the selection of the literature is not systematic, which can lead to biased conclusions and even contradictory (or potentially harmful)
recommendations (8 –10 ). This might lead to noncompliance with and distrust in guidelines (11 ).
Evidence-based guidelines. There is growing recognition
that guidelines should be based, where possible, on the
systematic identification, critical appraisal, and synthesis
of the evidence. These evidence-based guidelines explicitly state the strength of evidence underlying each recommendation. In the most advanced approach, guideline
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development methodology involves an outcome-oriented
process that explicitly takes into account all advantages
and disadvantages, including those perceived by the
individual patients, of the implementation of recommendations.
A distinction has to be made between (inter)nationally
produced guidelines that are rigorously developed and
follow a strict methodologic process and guidelines in
their local form, which are characterized by pragmatism
and simplicity. International guidelines should, most of
all, assess the “objective” evidence behind the recommendations, whereas “local” guidelines/protocols must also
take into account adaptability, practicability, local conditions of care, costs, and other factors. In their local form,
guidelines should be composed of simple algorithms that
give a practical sequence of steps to follow, an explanation of the content of the algorithm, and a detailed
summary of the evidence that underpins such advice (12 ).

Principles of Developing Laboratory Guidelines
guidelines concerning diagnosis vs therapy
Therapeutic recommendations are based on the effects of
treatment, balancing benefits on the one hand with the
harms and costs on the other. Therapeutic research is
preferably based on randomized controlled trials (RCTs)
investigating the effect of a treatment, as measured by
differences in patient outcome. Possible outcome measures include mortality, morbidity, length of hospital stay,
and complications.
Diagnostic trials have characteristics of their own. As
in therapeutic trials, the best evidence of the value of a test
is improved outcome (e.g., increased survival rate) (13 ).
Among diagnostic trials, however, RCTs are a minority;
RCTs also are not always the optimal or most practical
designs for studying the effect of laboratory testing on
outcomes. Diagnostic RCTs, which focus on differences in
health outcome, will always study combinations of a test
(or tests) and subsequent treatments, with decisions on
treatment being guided by the results of testing. It may
sometimes be difficult to attribute differences in outcome
to the effect of testing because clinical outcome is determined by both test and treatment. Furthermore, as the
number of test–treatment strategies increases, so does the
number of trial arms, making it almost impossible to
compare them all in a randomized trial.
In laboratory medicine, an alternative to the trial is a
diagnostic accuracy study, in which sensitivity and specificity or other indices of diagnostic accuracy of the test
are reported. The best design for these diagnostic accuracy studies is a prospective cohort study with a blinded
comparison of the performance of the experimental test
and that of an appropriate gold standard test in a spectrum of patients suspected of having the disease in
question. Blinding is usually considered to be particularly
important when subjective test result interpretation is
part of the diagnostic procedure. Because diagnosis is
only one aspect of the overall patient management proto-
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Table 1. Common topics covered in laboratory-related
guidelines.
Preanalytical information
● Prevalence of the condition
● When to request/not to request a test
● Diagnostic algorithm
● Patient preparation
● Timing and frequency of testing
● Sample type and handling of specimens
● Biological variation
Postanalytical information
● Medical decision limits
● Laboratory-related outcomes
● Diagnostic sensitivity, specificity
● Predictive values
● Likelihood ratio, ROC curve
● Post-test probability
● Reference values
● Interpretation of test
Analytical information
● Selection and validation of test methods
● Detection limit, sensitivity, specificity
● Imprecision, bias, quality goals
● Standardization
● Internal and external quality control
● Interferences
Other information
● Turnaround time
● Where test is done (e.g., accreditation)
● Qualification and competence
● Organizational and cost implications
● Areas for further research

col, diagnostic accuracy is an indirect or “proxy” outcome
measure. In most diagnostic studies it remains to be
demonstrated that the patients identified by a certain test
result are the ones who will benefit the most from
treatment and, consequently, have an improved outcome
(for more details see sections 3 and 5 below). An important
goal of studies of diagnostic tests is to determine whether
the new test adds information to that known from patient
observation or other investigations.
Guidelines address not only the diagnostic value of a
test, but also other clinically useful attributes of a test’s
performance (14 ). The potential scope of topics in evidence-based guidelines in laboratory medicine is listed in
Table 1. It may be argued that all these (i.e., preanalytical,
analytical, postanalytical, and other technical or organizational) elements of diagnostic performance should be seen
as part of evidence-based laboratory medicine, which by
definition focuses on decisions concerning individual
patients to improve their outcome. We might not always
be able to identify in quantitative terms the impact of all
elements of test performance on clinical outcomes in
laboratory medicine. Despite this fact, there is no doubt
that there is such a relationship and that these character-

istics therefore must be considered when defining the
scope of evidence-based laboratory guidelines (Table 1).

use of evidence in guidelines
To make informed decisions, evidence is necessary but
often not sufficient (3 ). The evidence must be supplemented with considered judgment of the potential clinical
benefits and harms, patients’ preferences, the organizational and economic impact of testing, and other factors
(3, 15 ). For this reason, it may happen that the highest
level of evidence may not provide the strongest recommendations in the local context because some of these
confounders are weighted higher than the scientific evidence per se (for details see section 6c below).
Evidence can more readily tell us what not to do (e.g.,
because one test is less useful than another) than what to
do. For example, the low-dose (1 g) corticotropin-stimulation test is superior to a high-dose (250 g) test (16 ). In
this case the evidence is sufficient to suggest not using the
high dose. One classic symptom of vitamin B12 deficiency
is tenderness of tongue and mouth. In patients presenting
with complaints related to the tongue and mouth, the
prevalence of B12 deficiency was shown to be only 8%
(17 ). The relatively low cost of testing for B12 deficiency
and the availability of effective treatment may counterbalance the low probability of this cause of the complaints
and might lead to a recommendation in favor of testing
for B12 deficiency in one setting. In another community,
however, the recommendation may be different because
the prevalence or the relative costs are significantly different. An example where patients’ choices are considered
is the triple test used for antenatal screening of Down
syndrome because the consequence of a positive screening test is an amniocentesis, which may harm the fetus,
and in positive cases an abortion might be considered.

how much evidence is enough?
Ideally, all recommendations need to be supported by
evidence. In practice this may be difficult to achieve, and
there is considerable variation among guidelines in the
amount of evidence gathered and analyzed before recommendations are made. To perform a systematic review for
every single recommendation or statement in a guideline
may be too great an effort for the guideline development
team. Thus it may be critical to identify the most important or controversial questions and those with the greatest
potential for a positive effect on patient outcomes or costs.
These topics should be the ones given the highest priority
to be covered by systematic reviews. Other, less critical or
controversial areas can be dealt with by a simpler, but
well-defined methodology, e.g., a review of a limited
number of studies. When identified studies are homogeneous in their results, limiting the number of studies to
those that have a large enough sample size and are of high
quality will not lead to bias. The methods section of the
guideline, however, should clearly describe how the
guideline development group has dealt with this prob-
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lem. The evidence base of the guideline could be expanded in later updates.

Guideline Development
The methods used by the guideline development group
should be clearly defined and agreed on at the very
beginning of the development process. Many detailed
descriptions of guideline development are available
(2, 3, 18 –21 ). Although these are mostly devoted to therapeutic guidelines, their principles are applicable to diagnostic guidelines (22 ). The classic process of guideline
development is described in Fig. 1 [adapted from Refs. (3 )
and (20 )] and includes the 10 phases described in the
following sections.

1. selection of guideline topics
In general, the aims of a guideline are to standardize
patient management and to improve outcomes. However,
cost reductions and promotion of the rational use of
laboratory tests and good laboratory practice are also
legitimate reasons for guideline development. Guideline
development is a tedious and costly process; therefore, its
topic should be carefully selected. The following criteria
have been proposed as aids in selecting topics (3, 23 ):
•

•

•

•

•

Guidelines are most effective when the appropriateness
of healthcare processes is uncertain, when the uptake of
new and worthwhile interventions is suboptimal, or
when controversies exist.
When a guideline is developed there must be a realistic
expectation that implementation is possible and that, if
the guidelines are followed, quality of care and/or
patient outcomes will improve.
Prevalence and severity of the health condition must be
considered. For example, screening for colon cancer or
hemochromatosis and diagnosis and monitoring of diabetes mellitus are priority topics because the implementation of guidelines for these conditions could have
a major impact on public health.
High-volume (e.g., preoperative testing) and/or highcost diagnostic interventions (e.g., erythropoietin or
molecular biology testing) can also be good targets.
It is less worthwhile to develop guidelines if there is not
enough evidence on which to base recommendations. It
should be kept in mind, however, that the lack of
evidence for the effect of a procedure is not equal to
evidence that the procedure has no effect.
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Guidelines should not be developed exclusively by highprofile professionals, especially if they are insulated from
the day-to-day pressures of medical care. If a guideline
differs too much from the routine working practices of
most health professionals, it will act only as a gold
standard to be admired (26 ). Among guidelines on the
use of laboratory tests, those that are developed exclusively by either clinicians or representatives of laboratory
medicine are of limited value in terms of both recognition
and clinical implementation. They can, however, have the
status of a position statement of the discipline and thereby
could very well serve as a starting point for further (or
local) multidisciplinary guideline development.
In laboratory medicine, effective guideline development groups need to have members with the following
skills: expertise in the field of laboratory medicine or
subspecialty; clinical expertise; methodologic expertise in
statistics, literature searching, critical appraisal, guideline
development, health economics, and bioethics; practical
understanding of problems faced in the delivery of diagnostic services and care (e.g., laboratory manager, phlebotomist, and nurse; in self-monitoring of glucose, a
patient and a diabetes nurse or social worker may also be
very useful) (3 ). The multidisciplinarity of the guideline
development team is key to successful implementation of
recommendations.
Some organizations that undertake guideline development take precautions that group members have no
conflict of interest. Group members should be able to act
independently of undue outside influences whether internal (e.g., academic pressure), external (e.g., granting or
sponsoring bodies, politics), or commercial (e.g., drug
companies, the diagnostics industry, or health insurance
organizations). It is advisable to make a declaration of
interest, to be completed by group members, before the
process of guideline development starts. Again this poses
a special problem for diagnostic guidelines because many
suppliers are prepared to support guideline development
groups. Because guideline development is a time-consuming and expensive task, such support is, in principle,
acceptable provided it does not influence the objectivity of
the final recommendations. For transparency, sponsorship, or the lack of it, together with the names and the
precise roles of contributors to the guideline development
process should be made explicit.

2. establishing a multidisciplinary guideline
development group

3. identification of the scope of the guideline
and of outcomes to be addressed

In setting up the guideline development team, the target
groups of the guideline should be carefully identified:
e.g., are they targeted to patients, doctors, nurses, laboratory specialists, phlebotomists, or other groups? The
working group should include all parties involved in the
management of the target condition, such as doctors,
patients, nurses, and other support staff, as well as
managers, payers, and other policymakers (24, 25 ).

The guideline development process should start with the
definition of the scope and the most relevant outcomes of
the guideline. The scope of the guideline could cover
areas listed in Table 1. Usually the scope of the guideline
needs to be refined further during the collection of the
literature. If the members of the guideline development
group fail to carry out this refinement, they run the risk of
having too broad a scope, which makes systematic re-
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Fig. 1. Process of guideline development.
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viewing of the literature far too complicated or even
unmanageable.
In considering which outcomes are to be addressed, it
is worthwhile to recall that outcomes are results of
medical interventions in terms of health or cost (27 ). All
relevant outcomes should be considered when guideline
recommendations are developed because their identification is key to informed diagnostic decisions. It also helps
to formulate questions and to search for the evidence (see
section 4 below). Outcomes related to laboratory testing
may be difficult to measure and may be perceived differently by patients and those who sell, carry out, or interpret the tests (28 ). Outcomes related to laboratory testing
can be clinically, operationally, and economically relevant
(15, 28 ). Examples of laboratory variables and potentially
related outcomes include the effects of
•

•

•
•

Availability (or lack) of testing on mortality, morbidity,
incidence of disease, admission, readmission or discharge rate, or on quality of life;
Method or the turnaround time of testing on the length
of hospital stay or on patient satisfaction;
Accuracy of the test on diagnosis or prognosis (28 ); and
Test availability on cost per life-year (29 ).

A guideline, e.g., on the use of laboratory tests related
to monitoring therapy with erythropoietin, may consider
the following outcomes: a better prediction of patients
who would benefit from this therapy and an improved
recognition of nonresponders, better choice of dose (as
measured by improved hemoglobin concentration), a decrease in blood transfusions in certain subpopulations,
and thus reduced risks and improved cost-effectiveness.

4. question formulation and search for
evidence
Asking the right question and asking it right. Question
formulation is at the heart of guideline development.
Questions should identify the reason(s) the test is being
used and whether its result will influence clinical decisions and outcomes (15 ). A clear question is essential for
locating and selecting studies and for critically appraising
their validity and relevance. In evidence-based laboratory
medicine, a structured question consists of three or four
parts: (1) the patient with a problem; (2) the diagnostic
intervention; (3) its comparison with another test or a
reference standard; and (4) the outcome. Using two examples, we illustrate below two types of questions that
can be formulated differently, depending on whether the
question is related to the diagnostic accuracy or the
diagnostic utility of a test. These two questions are
formulated according to the four- or three-part models
indicated above:
Type 1 question (regarding the diagnostic accuracy of a
test): In (1) patients presenting to the emergency
department with shortness of breath, how well does
(2) N-terminal pro-B-type natriuretic peptide (4) pre-
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dict heart failure as assessed by (3) the cardiac
ejection fraction measured by echocardiography?
Type 2 (related to the value of a test in improving
patient outcomes): In (1) patients admitted to the
hospital for treatment of heart failure, how well does
(2) the use of N-terminal pro-B-type natriuretic peptide as a guide to therapy (4) improve the length of
hospital stay and the rate of subsequent readmission
for heart failure?
Searching for the evidence. The search strategy should
guarantee that all relevant literature, or at least a representative or unbiased sample of the literature, is entered
into the review process. It is best to start the search with
looking for external evidence-based guidelines that can be
updated and adapted. There are numerous websites
where such guidelines can be found (Table 2). If evidencebased guidelines are available, it is important to check
their expiry date and the last date of references, which
will guide the updating process and the subsequent
search of the most recent literature. All external guidelines must go through an appraisal process, which will be
discussed in the next section.
If no recent external guidelines are available, methods
of a systematic literature search include searching in
electronic databases (Table 2) with predefined keywords;
screening the reference list of retrieved studies, (systematic) reviews, and handbooks; hand-searching; and contacting experts in the subject. Restrictions in publication
date, language, and other areas should be stated. The
search for evidence usually starts in databases such as the
Cochrane Library, which contains high-quality systematic
reviews or metaanalyses. The Cochrane Library does not
yet contain systematic reviews of diagnostic studies, but
these will be included in the future. Several databases
have been established for diagnostic studies, such as the
MEDION database in Belgium, which contains ⬎1000
references to reviews and methodologic reports on diagnostic studies. The DARE database and the periodicals
ACP Journal Club and Evidence-Based Medicine include
structured abstracts and commentaries of diagnostic reviews that meet methodologic criteria. The DARE database in March 2003 contained 572 diagnostic overviews
when searching with key words of “sensitivity AND
specificity”, of which 103 systematic reviews were relevant to laboratory medicine. The database of the Committee on Evidence-Based Laboratory Medicine of the IFCC
consists of ⬃80 systematic reviews in laboratory medicine. Several other references, such as the journals of
Bandolier and the “Evidence-based Laboratory Medicine
and Test Utilization” section of Clinical Chemistry are also
good sources of critically appraised secondary publications or guidelines that synthesize the primary literature
in a digestible format. Other sources of high-quality
diagnostic overviews are health technology assessment
databases. For an updated collection of evidence-based
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Table 2. Evidence-based database resources.
Guideline databases
AGREE (Appraisal of Guidelines, Research and Evaluation for
Europe): http://www.agreecollaboration.org
American Association of Clinical Endocrinologists:
www.aace.com/clin/
American College of Chest Physicians: www.chestnet.org
American College of Physicians: http://www.acponline.org
Australian National Health and Medical Research Council
(NHMRC): http://www.health.gov.au/nhmrc/publications/
Centre for Health Services Research (CHSR):
www.ncl.ac.uk/pahs/research/services/
Clinical Efficacy Assessment Project (CEAP):
www.acponline.org/sci-policy/guidelines/ceap.htm
CDC Task Force on Community Preventive Services:
http://www.thecommunityguide.org
Clinical Practice Guidelines:
http://www.kurucz.ca/sue/clinicalpracticeguidelines.htm
European Society of Cardiology: http://www.escardio.org/
Finnish guidelines (in English): http://www.ebm-guidelines.com/
German Agency for Quality in Medicine (www.aezq.de) Guidelines
Information Service: www.leitlinien.de
Guidelines-International-Network (G.I.N.): http://www.g-i-n.net
Health Services Technology Assessment:
http://hstat.nlm.nih.gov/hq/Hquest
Health Technology Assessment databases:
http://www.hta.nhsweb.nhs.uk/htapubs.htm;
http://www.inahta.org/; and http://www.shef.ac.uk/⬃scharr/
ir/htaorg.html
New Zealand Guidelines Group: http://www.nzgg.org.nz
NHS National Institute for Clinical Excellence:
http://www.nice.org.uk
SCHARR database:
http://www.shef.ac.uk/⬃scharr/ir/guidelin.html
Scottish Intercollegiate Guidelines Network (SIGN):
http://www.sign.ac.uk/
US Agency for Healthcare Research and Quality: www.ahrq.com
US National Guideline Clearing House: http://www.guideline.gov
US Preventive Services Task Force:
http://www.ahcpr.gov/clinic/cps3dix.htm#Background
Systematic review and evidence-based resources
ACP Journal Club: http://hiru.mcmaster.ca/acpjc/default.htm
Cochrane Library: http://www.cochrane.org/
Cochrane Methods Working Group on Systematic Review of
Screening and Diagnostic Tests:
www.cochrane.org/cochrane/sadtdoc1.htm
DARE (Database of Abstracts of Reviews of Effectiveness):
http://agatha.york.ac.uk
Evidence-Based Medicine:
http://www.bmjpg.com/template.cfm?name⫽specjou_be
IFCC Committee on Evidence-Based Laboratory Medicine (C-EBLM)
database: www.ckchl-mb.nl/ifcc
MEDION database: www.mediondatabase.nl
National Library for Medicine: http://text.nlm.nih.gov
National Library for Health:
http://www.nelh.nhs.uk/guidelinesdb/html/glframes.htm
National Health Service (NHS) Centre for Evidence-Based
Medicine: http://www.cebm.net/; Levels of evidence and
grades of recommendations:
http://www.cebm.net/levels_of_evidence.asp
NHS Centre for Reviews and Dissemination:
http://www.york.ac.uk/inst/crd/
SCHARR database: http://www.shef.ac.uk/⬃scharr/ir/netting/

databases, we recommend the ScHARR database (Table
2).
If a search is not successful in the secondary literature,
one can look for primary reports on Medline or Embase
(preferably both because the overlap is often incomplete).
We recommend using PubMed (http://www.ncbi.nlm.
nih.gov) for searching Medline [see also Fielding and
Powell (30 )]. The most frequently used search strategy to
locate diagnostic studies in Medline is probably the one
developed by Haynes, which is available as a “clinical
query” on PubMed (31 ) There is also a special feature in
PubMed to retrieve systematic reviews and metaanalyses.
For laboratory tests, the best single search term is “sensitivity” in the title or abstract or as a MeSH term. However,
a more sensitive search can be achieved with the combination of “sensitivity-AND-specificity”, and the words
“diagnostic test”, “diagnosis”, or “diagnostic use” combined with the corresponding clinical condition (e.g.,
chronic renal failure), and finally the name of the test (e.g.,
soluble transferrin receptor). Names of diagnostic tests
used in simple searches will be sensitive but not specific.
The frequency with which the term sensitivity-ANDspecificity occurs in a database indicates the frequency of
diagnostic test evaluation studies. The search strategies
must be customized to each database to take the different
indexing systems into account. Regardless of indexing, it
is recommended to combine controlled index terms (e.g.,
MeSH terms in Medline) with free text terms. Narrowing
the search to a specific condition will generally trim down
search results to a manageable number of studies.

5. appraisal of evidence
Adapting external guidelines. Guidelines and recommendations developed by others can be adapted, but only after
critical appraisal of whether they fulfill certain quality
criteria. Quality criteria have been developed specifically
for the evaluation of guidelines, e.g., the Appraisal of
Guidelines for Research & Evaluation in Europe Instrument (32 ).
Critical appraisal of literature. After systematic searching of
the literature, relevant studies of appropriate study design for the questions of the guideline (33–35 ) should be
selected according to predefined criteria. Individual studies should be critically appraised to assess whether they
are of sufficiently high quality that recommendations to
be based on them with confidence. The careful appraisal
of individual studies is usually done by two independent
reviewers with the help of standardized checklists. There
are different checklists for different study designs, e.g., at
the Centre for Evidence-Based Medicine (www.cebm.net),
at Casp International Network (www.caspinternational.
org.uk), and at the Centre for Health Evidence (www.
cche.net). Potential disagreements in the assessment process are resolved by consultation and consensus.
Factors to be assessed during the critical appraisal
process relate both to the internal and external validity of
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studies. The internal validity of the study refers to the
extent to which its design and conduct are likely to be free
from random and systematic errors. A high-quality diagnostic study should be free from biases (36, 37 ), and seven
essential categories should be considered in the critical
appraisal process (38 ): (a) the patient population should
cover the whole spectrum of the disease to avoid spectrum bias (i.e., biased selection of study patients); (b) there
should be an adequate description of the test; (c) an
appropriate reference standard should be applied to all
study participants; (d) the result should be interpreted
blindly without the knowledge of the experimental test
and vice versa; (e) study results should be reported
unambiguously, with accurate description of all determinate and indeterminate results and with confidence intervals for estimates of measures of diagnostic accuracy (e.g.,
sensitivity, specificity, likelihood ratios, and area under
the ROC curve); (f) prevalence of the target condition in
all patients and in relevant subgroups should be given;
and (g) there should be an assessment of the study’s
external validity, or applicability (whether the findings of
a diagnostic study are generalizable to a particular population or setting).
The QUADAS tool has recently been proposed to help
assess the quality of studies of diagnostic accuracy (39 ).
Standards on reporting of trials, such as the STARD
statement for diagnostic studies, are not designed for use
as critical appraisal checklists, but they can be used as a
guide (3, 40 ). A practical checklist was also constructed by
the Bayes Library Working Group (41 ). The evaluation
and scoring of the quality of primary studies is subject to
debate, and there is much heterogeneity in the way
authors of systematic reviews deal with this issue
(38, 42, 43 ). A committee of the Agency for Healthcare
Research and Quality evaluated the many different grading systems that have been developed (38 ). In this systematic analysis of the available checklists on diagnostic
studies, three were considered methodologically acceptable (37, 44, 45 ). Two others did not address test description, but this omission is easily remedied (46, 47 ). The
committee concluded that “the information base for understanding how best to rate the quality of studies remains incomplete”.

6. formulation of guideline recommendations:
synthesis of the evidence
Evidence-based guidelines contain graded recommendations, which are based on synthesis of the evidence. The
grading system of guideline recommendations is influenced not only by the strength of the evidence, but also by
other elements, as discussed before (see section on the
“Use of Evidence in Guidelines”) (48 ). High-grade evidence is not always available to support each recommendation, but for transparency and explicitness and for
informing readers it is also important to acknowledge
whether the evidence base is poor or lacking. Further-
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more, identification of knowledge gaps helps in designing
better studies in the future. If a recommendation is not
supported by high-grade evidence, it can be supported by
the consensus of experts. Formal consensus development
methods, such as the nominal group technique and the
Delphi or consensus conference methods, can be used to
minimize the influence of individual opinions and, thus,
bias (49 ).
There is no international consensus on a grading system for determining the strength of evidence supporting
recommendations. Several grading systems exist, mainly
for therapeutic interventions (38 ). The guideline development group must decide which system is used, and a clear
definition of the grading method needs to be given in the
guideline. Irrespective of the grading system used, four
key steps in the process can be identified (3, 48 ):
(a) Determine the level of evidence of the primary
studies or reviews included in the guideline on the
basis of study type combined with the assessment of
methodologic quality (Table 3);
(b) Compile an evidence table of studies of acceptable
quality, identified as relevant to each of the key
clinical questions addressed by the guideline;
(c) Make considered judgment as to the generalizability
and applicability (i.e., external validity) of the evidence to the target patient group of the guideline, the
consistency of the evidence base, and the likely
clinical impact of the intervention; and
(d) Assign a grade to the recommendation by integrating the strength of the evidence and the degree of
extrapolation required to form the recommendation.

Table 3. System to rate the level of evidence and the
strength of guideline recommendations in diagnosis
[example, adapted from Ref. (51 )].
Quality of primary studies and reviews: rating the level of evidence
of individual articles
Ia Metaanalysis or systematic review based on at least several
level Ib studies
Ib Diagnostic trial or outcome study of good quality
II Diagnostic trial or outcome study of medium quality,
insufficient patients, or other trials (case–control, other
designs)
III Descriptive studies, case reports, other studies
IV Statements of committees, opinions of experts, and so forth
(reviews, not systematic)
Rating of the strength of the evidence supporting guideline
recommendations:
A Supported by at least two independent studies of level Ib or
one review of level Ia (“it was shown/demonstrated”)
B Supported by at least two independent studies of level II or
extrapolationsa from level I studies (“it is plausible”)
C Not supported by sufficient studies of level I or II
(“indications”)
D Advise of experts (“there is no proof”)
a
When data are used in recommendations for situations different from the
original setting of the study.
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The above steps are explained in more detail below:
(a) Determine the level of evidence of the primary studies and
reviews. To score the level of evidence of the collected
primary studies and reviews, define the type of the study
(i.e., study design) and critically appraise the methodologic quality of the studies using set criteria. Give each
study a quality rating according to a standard scale. A
study can be characterized as having good, fair, or limited
quality. Studies with limited quality should not be used to
support recommendations.
There are many ways to determine the level of evidence. It is generally accepted that the highest level of
evidence is a “good-quality”, well-conducted systematic
review or metaanalysis of RCTs (level Ia). In diagnostic
guidelines, depending on whether the recommendation
addresses, for example, diagnosis of or screening for a
disease, diagnostic trials with differing designs and outcomes will represent the highest level of evidence (34, 35 ).
For example, in recommendations on the use of prostatespecific antigen in screening of prostate carcinoma, randomized controlled studies with a hard outcome measure
(e.g., survival) are necessary. In recommendations on test
accuracy, e.g., total prostate-specific antigen vs the free/
total prostate-specific antigen ratio in diagnosis of prostate cancer, prospective cohort studies with diagnostic
accuracy data, such as sensitivity, specificity, or likelihood
ratios of the test in detecting the disease, are sufficient to
produce the highest level of evidence. This again stresses
the importance of formulating clear questions when developing guidelines in laboratory medicine. Statements of
committees and expert opinion are graded level IV. A
simple system is presented in Table 3. A more extensive
system for grading the level of evidence is available on the
website of the National Health Service Centre for Evidence-Based Medicine (Table 2). However, as yet no
agreed system exists for diagnostic studies.
(b) Compile an evidence table. Once the assessment of the
level of evidence is complete, compile an evidence table
that summarizes all relevant studies. Evidence tables can
be used for checking the consistency of data obtained in
different studies or for subgrouping studies of similar
study designs, patient populations, and validity or quality
criteria. Evidence tables should include the following
information [adapted from the Scottish Intercollegiate
Guidelines Network (3, 48 )]:
•
•
•
•
•
•

•

Publication details of the individual studies;
Study design;
Size of study (i.e., number of patients included);
Spectrum of patients and patient setting;
Prevalence of the condition;
Diagnostic tests used or compared (i.e., index and
reference tests);
Outcomes measured (i.e., patient- or laboratory-related
outcomes);

•

•

•

Effects measured, including measures of diagnostic
accuracy (e.g., sensitivity, specificity, likelihood ratio,
and ROC curve) with the level uncertainty (e.g., confidence intervals; P values);
Comments on specific issues raised by the study [e.g.,
potential bias(es) in the study]; and
Quality rating and level of evidence of the study.

(c) Make considered judgment. On the basis of the facts in
the evidence table, the development group needs to
formulate the final recommendations. This is perhaps the
most difficult step and requires several skills, methodologic knowledge, and experience in decision analysis.
The way this exercise is carried out varies from guideline
to guideline; transparency of this process is, therefore,
essential.
This task usually starts with applying a grade to the
strength of evidence. The strength of evidence is a broader
term than the level of evidence and refers to the total body
of evidence supporting the recommendation. It incorporates the elements used in defining the level of evidence of
single studies (i.e., study design and quality), but adds the
investigation of more components to its determination.
West et al. (38 ) identified only 8 grading systems of 40
that fully addressed the following three domains of
strength of evidence:
1. Quality of the evidence: The quality of all relevant
studies for a given topic, where “quality” is defined as
the extent to which a study’s design, conduct, and
analysis have minimized selection, measurement, and
confounding biases.
2. Quantity of the evidence: “Quantity” is defined as the
magnitude of the effect, the number of studies that
have evaluated the given topic, or the overall sample
size across all included studies.
3. Consistency of the evidence: For any given topic, the
extent to which similar findings are reported from
work using similar or different study designs.
In other words, the strength assigned to the evidence
supporting a recommendation indicates to users the likelihood that, if that recommendation is implemented, the
predicted outcome will be achieved. A major challenge
arises in evaluating the consistency of a body of knowledge consisting of different types of studies (e.g., two
randomized trials, five cohort studies, and eight casecontrol studies) with conflicting conclusions (e.g., the two
highest level randomized studies in 500 patients show
negative results, whereas 13 lower level studies in 1500
patients show a positive effect). No grading system, no
matter how good it is, can solve this problem easily. In
principle, when such heterogeneity arises, greater weight
should be given to findings from better-conducted studies
(3 ). However, the generalizability of the evidence should
also be considered in these situations because it is possible
that the results of the well-conducted RCTs cannot be
generalized to the clinical setting in which the recommen-
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dations are meant to be used, whereas those of the less
well-designed studies can.
When studies of mixed validity are being combined it
is important that guideline developers investigate the
potential sources of heterogeneity by carrying out, for
example, subgroup analysis or sensitivity analysis. In
subgroup analysis, the results for groups with similar
characteristics within the whole study population of the
review are synthesized separately. Sensitivity analysis
means repeating the analysis by excluding studies, or a
subgroup of data, that are shown to introduce heterogeneity or are of low quality and suffer from several forms
of biases. The results of reanalysis after excluding some
studies are compared with the original results of the
overview to assess the degree to which these excluded
data affect the final conclusions. Statistical models, such
as fixed-effect, random-effect, and multivariate models,
are also commonly used to investigate heterogeneity in
this context. Guideline development groups need to ask
for methodologic help from biostatisticians in these situations.
(d) Assign a grade to the recommendation. The final step of
formulating recommendations is to assign a grade to
statements within the guideline. Most grading systems
score only the strength of evidence rather than the
strength of recommendations (Table 3). It should be
emphasized that the strength of recommendation is a
broader term, and the strength of evidence is only one
element in its establishment. Not only the strength of the
evidence, but also several other factors, such as clinical
impact, benefits and harms, generalizability, applicability,
practicality, the costs and burden to patients or society,
and cultural or ethical considerations may influence the
final decision when the group formulates and grades the
strength of recommendations (38, 48 ). Even when many
high-quality studies consistently reach the same conclusion, judgment must be made about the applicability of
the studies to the target population of the guideline. In
some systems a lower grade recommendation is made
when results from a study must be extrapolated (e.g.,
when the study population and the population addressed
in the guideline are not identical). Guideline users often
misinterpret the implications of the grading system. It is
important to emphasize that grading of the evidence
supporting the recommendation does not relate to the
importance of the recommendation.
The grading system for recommendations varies
among guideline agencies. There are no agreed systems,
and, in particular, there is no consensus on which grading
system should be used in diagnostic guidelines. Table 3
represents an example of the systems currently in use in
the field of laboratory medicine. There is a move, however, initiated by the GRADE working group, toward
harmonization of the grading system of different guideline development organizations around the world.
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7. consultation and peer review, consensus
conference, pilot testing
Depending on the authority (international, national, local)
and the target groups of the recommendations, draft
guidelines should go through a peer-review and consultation process involving recognized experts in the field(s),
professional and patient representatives potentially involved in the use of the guideline, and relevant national/
international societies so that important disagreements
can be resolved before the guideline is launched. It is
preferred to present the guideline at a multidisciplinary
consensus meeting before final approval (49 ). The Internet opens new possibilities for guideline presentation,
consultation, and review. Opinions obtained in the consultation process should be built into the guideline, as
appropriate. Individual opinions of key experts or bodies,
if different from the conclusions of the core group, should
also be explicitly referred to. Pilot testing before dissemination helps the successful implementation of guidelines.
Results of pilot testing, if relevant, should also be incorporated into the final guideline (3 ).

8. presentation of the guideline
The published guideline should explicitly state the methodology used for its development, including the grading
system, and how recommendations were linked to the
evidence. The transparency of the whole process facilitates the acceptance of the guideline by users.
This list, adapted from the Scottish Intercollegiate
Guidelines Network, contains the most essential elements
of a good diagnostic guideline (3 ):
•

•
•

•

Title and publication details:
—Authority responsible for issuing the guideline (e.g.,
international or national professional organization);
—Date and place of issue;
—Expiry date, planned update;
—Legal considerations.
Definitions and abbreviations.
Introduction:
—Background and rationale: Epidemiology, prevalence, incidence, demographics, summary of clinical
problem and outcomes, clinical context, description
of current practice, variations in practice, prognosis,
and so forth. Definition of the clinical condition or
aspects of management that the proposed guideline
will address. Definition of the diagnostic investigation(s). Indication of the benefits likely to arise from
the implementation of the guideline.
—Aims of the guideline: description of the main aims,
objectives, intent, and target groups. Definition of the
patient group and setting to which the guideline will
apply.
Guideline development methodology:
—Guideline development group, including peer reviewers, consultants, and observers and their affilia-

816

•

•
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•
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tions, sponsors, and declaration of conflicts of interest;
—Guideline development methods;
—Description of the grading system(s).
Summary:
—Brief summary of key recommendations;
—Algorithms, preferably following the logical and procedural framework of diagnostic decisions.
Detailed guideline:
—Detailed recommendations with reference to the underlying evidence;
—Indication of the level and strength of the evidence
supporting recommendations;
—Prevalence/pre-test probability in the given patient
spectrum;
—Size of effect (e.g., measures of diagnostic accuracy
and their level of uncertainty).
Strategy for implementation and monitoring of guideline (e.g., standards and indicators).
References.
Appendix:
—Key questions, search strategies, and inclusion/exclusion criteria for studies;
—Data extraction and critical appraisal forms, evidence
tables, balance sheets, and other pertinent documentation;
—Additional information: preanalytical information,
patient information, materials supporting implementation (e.g., reminders, clinical audit data collection
forms, and questionnaires);
—Consensus conference reports, summary of differing
opinions, comments.

9. dissemination and implementation
Systematic research has shown that passive dissemination
of guidelines is not satisfactory (50 ). Implementation
requires active dissemination through training and continual medical education or by outreach visits and facilitation. Also useful are reminders put in patient records,
electronic warning systems, diagnostic algorithms, checklists, or standardized questionnaires. Rapid access to
recommendations can be provided by clinical intranet or
decision support systems linked to patient records as well
as by evidence-based databases on palm-top computers.
Respected clinical or diagnostic experts should be
involved in the dissemination process. Insurance policies
often use strict protocols and financial incentives, which if
based on evidence could be a powerful vehicle for encouraging the use of rational diagnostic pathways. Patient
information leaflets (e.g., for self-monitoring of glucose,
collection of timed samples, and instructions for patient
preparation before testing) should accompany the guideline. Implementation, monitoring, and feedback of the
impact of guidelines are usually linked to local qualityimprovement and clinical audit programs.

10. monitoring, evaluation, and review
A leading reason for physicians’ failure to comply with
guidelines is that the guidelines become obsolete. Some
clinicians change their practice in response to new evidence faster than guidelines are updated. It is recommended to include in the guideline an expiry and revision
date. It is also important that the impact of the guideline
be monitored regularly, for example, in clinical audit
cycles, which can focus on the following aspects:
•

•

•

•

•
•

Demography: spectrum and severity of patients and
diseases.
Diagnosis: Which interventions are used and how does
actual test utilization compare with recommendations?
Outcome of care: Does the use of the diagnostic intervention influence therapy or the health status of patients or the rate of complications?
Effectiveness of care: do the quality and effectiveness of
care improve?
Costs of care: do the costs of care decrease?
Implementation: do professionals and patients collaborate and comply with the recommendations?

Conclusions
We have described the general principles and processes of
developing evidence-based laboratory guidelines. Most
guidelines, however, contain recommendations on both
diagnostic procedures and therapeutic interventions. The
methods described here also apply to the formulation of
recommendations on diagnostic procedures within
broader “clinical” guidelines. Laboratory professionals
should be involved in guideline development if laboratory tests are included in clinical recommendations. On
the other hand, guidelines developed exclusively by laboratory professionals are equally of limited value in terms
of both recognition and implementation. They can, however, serve as a position statement of the discipline and as
a starting point for further (or local) multidisciplinary
development of clinical guidelines.
Following the principles of evidence-based medicine,
all recommendations of an ideal guideline need to be
supported by the best available evidence. Performing a
systematic review for every single recommendation in the
guideline may be too great an effort for the development
group, especially in laboratory diagnosis where the evidence base is often poor. Thus it may be necessary to
prioritize and cover by systematic reviews only those
areas that are controversial or have the greatest impact on
patient outcomes or on costs. Other, less critical, areas can
be dealt with by a simpler but well-defined and clearly
described methodology, e.g., inclusion of a few homogeneous studies that have a large enough sample size and
are of high quality.
High-quality scientific data are not sufficient to make
practice recommendations: social, ethical, financial, and
other considerations and balancing of harms and benefits
play an important part when guideline recommendations
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are used as decision support tools in practice. For the
above-mentioned reasons, there will, and should always,
be a consensus element in evidence-based guideline development. This also highlights the need for transparency,
explicitness, and the multidisciplinary nature of the
guideline development process, which further contribute
to the acceptance and uptake of recommendations. Local
recommendations of best practice are usually much simpler than (inter)nationally produced guidelines. It is the
responsibility of professionals to critically evaluate, adapt,
update, and pilot test externally produced guidelines and
translate them into practical recommendations at the local
level. Guidelines should be widely reviewed and pilot
tested before release. Publication of guidelines is insufficient for successful implementation. Active dissemination, supported by regular monitoring and measuring of
the effect of guidelines, is essential for achieving improved outcomes. Regular revision and timely updates
should be “part and parcel” of the guideline development
process.
Evidence-based guideline development is a hard, timeconsuming, and costly exercise. Producing high-quality,
scientifically sound, practical, clinically and socially acceptable, and continuously updated recommendations
requires special skills and standardized procedures. Because of the size and complexity of the task, guideline
development is best coordinated by national or international organizations specialized in the field. There are
numerous unresolved methodologic issues—such as the
need for designing and conducting better outcome and
diagnostic accuracy studies, heterogeneity and bias in
systematic reviews, and lack of a unified evidence-grading system—that limit the practice of evidence-based
laboratory medicine and thus the development of evidence-based guidelines. To overcome these shortcomings,
international collaboration and harmonization of the numerous approaches of the many national guideline development organizations are needed.
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work was supported by the Education and Management
Division of the IFCC
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