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Foreword of the editor

Editor in Chief: Gabor L. Kovacs, MD, PhD, DSc

The current issue of eJIFCC is devoted to the
role of guidelines in laboratory medicine. The
guest editor of this issue is Professor Andrea
Rita Horvath MD, PhD, FRCPath, FRCPA from
Australia, an internationally renowned ex-
pert of the field. Dr. Horvath has been Clinical
Chemistry Network Director of the South
Eastern Area Laboratory Services, based at
the Prince of Wales Hospital in Sydney since
December 2009. She is Conjoint Professor
of Medicine at the University of New South
Wales and Honorary Professor at the School of
Public Health of Sydney University, and at the
Faculty of Pharmacology and Biochemistry of
Buenos Aires University.

Dr. Horvath obtained her M.D. (1984), her
National Board Certification in Clinical Che-
mistry (1991), and her Ph.D. (1993) from the
University of Debrecen in Hungary. She at-
tained Membership by examination (1994) and
Fellowships of the Royal College of Pathologists
of England (2001) and Australasia (2011). She
spent 8 years in Britain: first as postgraduate
research fellow in London (1988-1990); later
as chemical pathology Registrar in Sheffield
(1993-1994); and Senior Registrar and Lecturer
in Clinical Biochemistry at Oxford University
(1995-1998). She was Professor and Head of
Clinical Chemistry at the University of Szeged
in Hungary for 11 years (1998-2009).

Rita’s key research interest is evidence-based
laboratory medicine (EBLM) and evidence-based
guideline development. Supported by British
Government grants she successfully established
an Evidence-Based Medicine Networkin Hungary
(TUDOR) to teach EBM and advise government
in evidence-based health and reimbursement
policy and guideline development programs.
She currently advises the National Prescribing
Service of Australia on test utilization. She has
been advising the National Academy of Clinical
Biochemistry (NACB) on evidence-based guide-
line methodology since 2005 and has been in-
volved in NACB’s and CLSI’s guideline groups.
She is currently the Vice Chair of AACC’s EBLM
Committee.

Her awards include: KonelLab Award, Asso-
ciation of Clinical Biochemists, UK (2003);
Per Hyltoft Petersen Award for Distinguished
Medical Biopathologist (2006); IFCC Visiting
Lecturer Awards: Israel (2004), India, Malaysia
and Indonesia (2006), and China, Hong Kong,
Taiwan, Thailand and Singapore (2007); Mentor
ofthe Month of AACC (November2011); Lorand
Jendrassik Medal of the Hungarian Society of
Laboratory Medicine, the Markusovszky Award
for best publication in the Hungarian Medical
Journal (2012) and the award of the Croatian
Society of Clinical Biochemistry (2013).
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Rita has held a number of national and inter-
national leadership positions: Chair of the IFCC
Committee on EBLM (2003-2008); European
Communities Confederation of Clinical Chemis-
try and Laboratory Medicine Secretary (2005-
2007); President of the Hungarian Society
(2005-2008) and the Hungarian College of
Laboratory Medicine (2008-2009); President-
Elect (2007-2009), President (2009-2011) and
Past President (2012-2013) of the European
Federation of Clinical Chemistry and Laboratory
Medicine (EFLM). Currently she serves on
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AACC’s Board of Directors, as member of the
board, and she chairs EFLM’s Test Evaluation
Working Group.

As editor of the elJIFCC, | am personally proud
of the fact that while Rita worked in Hungary,
we held two of the three chairs in laboratory
medicine in the country. We had a lot of pro-
fessional and scientific interactions. Her in-
volvement in the regulatory affairs of laborato-
ry medicine was absolutely significant for the
progress of our discipline. | am very pleased to
introduce her as guest editor.

eJIFCC2015Vol26No3pp144-145
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ABSTRACT

Increasing patient risks and costs associated with the
delivery of health care services have been related to
inappropriate and uncontrolled use of biomarkers
which make evidence-based guideline recommen-
dations for best practice increasingly important. The
translation of basic scientific discoveries into clini-
cally meaningful studies and then to evidence-based
clinical practice guidelines (CPGs) or health policy
is, however, not straightforward. CPGs are poten-
tially the most influential publications as they aim to
guide clinical decisions and impact patient outcomes;
hence, current approaches to their development
often fail scientific publication standards. Critical
appraisal of CPGs has revealed that many do not
involve laboratory professionals in formulating rec-
ommendations on the use of tests; the composition
of the panel could influence the scope of guidelines
and over-represent certain stakeholders’ views; nu-
merous CPGs do not have rigorous evidence-based
methodology and miss essential information impor-
tant for the correct interpretation and application of
laboratory results.
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Numerous CPGs are released on similar topics
worldwide, but their quality and content va-
lidity are highly variable and their recommen-
dations may differ even when using the same
sources of evidence. This can be due to the
limitations of the evidence base, or to the lack
of agreed test evaluation methods and easy-to-
use evidence rating schemes that could be
universally adapted to diagnostic recommen-
dations. Furthermore, value-based judgments
on the balance between benefits, harms, risks,
patients’ preferences and the organizational
and financial aspects of care may differ among
countries and regions. Addressing these issues
requires careful discussions and consensus be-
tween relevant multidisciplinary stakeholders
involved in the diagnosis and management of
health conditions.

INTRODUCTION

Increasing patient risks and costs associated
with the delivery of health care services have
been related to inappropriate and uncon-
trolled use of both diagnostic and therapeu-
tic interventions which make evidence-based
guideline recommendations for best clinical
practice increasingly important. According to
the BEACH study in Australia, general practitio-
ners have the greatest difficulty with test or-
dering and test interpretations for conditions/
symptoms that are vague, and/or where there
are no guidelines or decision support systems
to guide their practice. The least difficulty was
reported for conditions such as diabetes, lip-
ids, urinary tract infections where clear man-
agement recommendations have been avail-
able (1). In response to these needs numerous
clinical practice guidelines (CPGs) are released
on similar topics worldwide. However, the
translation of basic scientific discoveries into
clinically meaningful studies and then distil-
lation of study findings into evidence-based
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practice recommendations or health policy are
not straightforward and pose many method-
ological and implementation challenges.

WHY DO WE NEED GUIDELINES?

Guidelines are systematically developed state-
ments that assist health care professionals and
patients in making decisions about appropriate
health care in specific clinical circumstances (2).
Guidelines aim to:

e disseminate best practice based
on scientific evidence;

e decrease practice variation and the
potential or frequency of professional
misconduct;

e improve patient safety;

e improve the quality and effectiveness
of care;

e improve cost-effectiveness of care;

e facilitate training, education and
continuous professional development;

e increase explicitness, transparency, patient
information and autonomy of choice.

In the context of laboratory medicine, guidelines
aim to improve the appropriateness of test uti-
lization (i.e. test requesting and interpretation)
by (3):

e promoting the use of new tests if
evidence proves their efficacy and effec-
tiveness — start starting or stop stopping

¢ eliminating poor or useless tests before
they become widely available — stop
starting

e removing old tests with no proven benefit
from practice — start stopping (adapted
from 4).

Appropriateness in this context refers to care
that results in more benefits than harms at

eJIFCC2015V0l26No3pp146-157
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reasonable costs. For example, we have strong
evidence from randomised controlled trials
that screening with either faecal occult blood
testing (FOBT) or sigmoidoscopy decreases
the mortality of colorectal cancer (CRC) by
14%-16% and if the cancer is detected at an
early localized stage, the 5-year survival rate
is 90% (5). As a result, evidence-based recom-
mendations have been issued by a number of
guideline organisations and national screen-
ing programs have been initiated in many de-
veloped countries. For example the United
States Preventive Services Task Force (USPSTF)
recommends 1) high-sensitivity faecal occult
blood testing annually, 2) colonoscopy every
10 years, or 3) sigmoidoscopy every 5 years
with FOBT every 3 years for the prevention
or early detection of CRC among adults aged
50-75 years (6). Due to these recommenda-
tions, the percentage of the U.S. population
compliant with recommended CRC screening
increased from 54% in 2002 to 65% in 2010
and stayed at the same rate by 2012, primar-
ily through increased use of colonoscopy. To
further improve clinical outcomes through the
uptake of CRC screening, the CDC introduced
more aggressive population-based strategies
and set the target for 2014 at 80% (6). The
European guidelines issued in 2013 still con-
sider sigmoidoscopy and colonoscopy as a sup-
plement or alternative for CRC screening (5). In
the European Union (EU) in 2007 the Council
Recommendation for CRC screening targeted
approximately 136 million women and men in
the age group of 50-74 years primarily by FOBT
testing. In 2007 less than 10% of the targeted
EU population (approximately 12 million) has
taken part in CRC screening and 94% of those
were tested by FOBT and the rest by flexible
sigmoidoscopy or endoscopy (7).

McDowell et al. published a systematic review
of 19 hypertension guidelines, issued between
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2001 and 2011 with recommendations for
monitoring for adverse drug reactions using
biochemical tests in patients taking antihyper-
tensive treatment. They found that guidelines
were lacking any evidence behind advice on
frequency of biochemical monitoring and both
the instructions for monitoring and the extent
of advice for subsequent action differed greatly
and that such poorly specified recommenda-
tions were challenging for clinicians to apply in
clinical practice (8).

Clinicians face even more challenges when
guideline recommendations are not just vague
or diverse but even conflicting. Examples of such
confusion are conflicting recommendations
for PSA screening from different professional
organisations; e.g. in USA the USPSTF recom-
mends against PSA screening to detect prostate
cancer, whilst the American Cancer Society and
the American Urological Association and many
other European cancer societies recommend
that patients willing to be screened discuss their
options with their physician (9). Another recent
area of controversy is related to the screening,
diagnosis and management of gestational
diabetes including debates about the merits
of screening versus no screening, universal
versus selective screening of high risk cases,
timing and methods and cut-off glucose values
used for defining the condition, and long-term
management options for those who have the
diagnosis (10,11). These examples illustrate
the diversity and complexity of guideline
development and implementation even when
the same evidence base is available to guide
best clinical practice and national policy.

VARIATIONS AND DIVERSITY
IN GUIDELINE DEVELOPMENT
AND IMPLEMENTATION PRACTICES

Numerous studies have demonstrated that the
quality and content validity of guidelines are

eJIFCC2015V0l26No3pp146-157
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highly variable (12-15). This is particularly true
for diagnostic recommendations where the
evidence base is more limited than in the field
of therapeutics. These shortcomings are due
to large variations in the analytical and clini-
cal performance of laboratory methods for the
same analytes, the lack of agreed test evalua-
tion methods and easy-to-use evidence rating
schemes that could be universally adapted to
diagnostic recommendations. A recent review
identified 12 evidence grading systems that ad-
dressed diagnostic testing. Out of these, 5 sys-
tems provided varying degree of coverage of the
essential items for evidence gathering, review,
assessment and linkage to recommendations.
However, no single system covers all aspects
and supports guideline developers in rating the
strength of evidence behind recommendations
for the use of laboratory tests (16). To add to
the complexity, value-based judgments on the
balance between benefits, harms, risks, pa-
tients’ preferences and the organizational and
financial or resource aspects of care may dif-
fer among countries and regions and therefore
could influence the final recommendation and
its grading. Addressing these issues requires a
transparent, well-structured and document-
ed process including careful discussions and
consensus between relevant multidisciplinary
stakeholders involved in the diagnosis and man-
agement of health conditions (for more details
on grading, see the paper by Don-Wauchope et
al., in this issue).

Clinical practice guidelines are potentially the
most influential publications as they aim to
guide clinical decisions and impact patient out-
comes; hence, current approaches to CPG de-
velopment are often non-systematic, lack clear
organisational structure or legislative back-
ground and fail the methodological rigour of
scientific publication standards. The most wide-
ly used critical appraisal tool for assessing the
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methodological quality of CPGs is the Appraisal
of Guidelines for Research and Evaluation
(AGREE) Instrument (17). Numerous studies us-
ing the AGREE tool on various guideline topics
issued by various organisations pointed to sig-
nificant inconsistencies in terms of best practice
recommendations provided to clinicians across
the globe which may have an impact on the
quality of care provided to patients. Moreover,
the findings consistently showed that the least
well-addressed domains within the AGREE tool
were stakeholder involvement, rigour of devel-
opment, applicability and editorial indepen-
dence of the guideline development process
(13-15,18). Critical appraisal by the AGREE tool
of CPGs primarily addressing laboratory testing
in various conditions has similarly revealed that
many do not involve laboratory professionals;
the composition of the panel could influence
the scope of guidelines and over-represent cer-
tain stakeholders’ views; and miss essential in-
formation important for the correct interpreta-
tion and application of test results (13,15).

The above factors easily explain why he
European Observatory on Health Systems and
Policies in its 2013 report also found divergent
national guideline development and implemen-
tation programs in the EU (18). In addition to
the quality of guideline methods, this report
investigated the organisational and regulatory
framework, the implementation and impact of
guidelines developed for chronic non-commu-
nicable diseases such as coronary heart disease,
chronic obstructive pulmonary disease, asthma,
type 2 diabetes mellitus, osteoarthritis, breast
cancer, cervical cancer, colorectal cancer and
depressive disorders that are responsible for
70-80% of health care costs in the EU. Key find-
ings of this report are listed below (18):

e Regulatory frameworks exist in most EU
states for clinical guideline use but relevant
laws are not always implemented.

eJIFCC2015V0l26No3pp146-157
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e There is no obvious link between the avail-
ability of legislative frameworks and the
quality and impact of guideline programs.

e Guidelines are usually developed by govern-
ment and professional organizations or ad-
opted/adapted from external sources.

e The engagement of multidisciplinary stake-
holders in guideline development varies but
patients and users of health services are
rarely involved in the development of CPGs.

e Few organizations have quality control pro-
cesses for their guidelines but if they do,
they often use the AGREE instrument.

DO WE NEED GUIDELINES
FOR MAKING GUIDELINES?

The mentioned shortcomings of guideline de-
velopment programs are not unique to Europe
and call for guidelines for developing guide-
lines and an assessment of the internal and
external validity of recommendations before
their implementation is attempted. Numerous
government organisations issuing CPGs have
guideline development manuals. The so-called
GRADE and DECIDE project group systematically
reviewed the available guideline development
resources and assembled a checklist with 18
topics and 146 items in order to facilitate the
standardisation of all stages of the guideline de-
velopment process. The group provides an in-
teractive webpage (http://cebgrade.mcmaster.
ca/guidecheck.html) with links to training ma-
terials and resources for applying the checklist
items (19).

The Institute of Medicine (IOM) has also issued
a report entitled “Clinical practice guidelines we
can trust”, in order to provide a set of standards
for ensuring that guidelines present trustwor-
thy and implementable recommendations (20).
Table 1 summarises the IOM standards and their
relevance to guideline development on labora-
tory testing.
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In the field of laboratory medicine, the National
Academy of Clinical Biochemistry (NACB) of
the American Association of Clinical Chemistry
(AACC) is a well-recognised source of guidelines.
The NACB has recently updated its standard
operating procedure for developing laboratory
medicine practice guidelines that are based
on more systematically gathered evidence (for
more details see the paper by Kahn et al., in this
issue). Table 2 summarises the main sources of
guideline development tools that are relevant
to laboratory medicine.

DO GUIDELINES IMPACT CLINICAL
PRACTICE AND PATIENT OUTCOMES?

The previously mentioned EU Report also in-
vestigated the implementation and impact of
guidelines for the management of the most
prevalent chronic conditions. They found only
two studies that reported effective guide-
line implementation or impact; five studies
showed “partial effectiveness” and three stud-
ies did not demonstrate any effectiveness. The
BEACH study carried out in Australian general
practices investigated pathology test request-
ing and estimated that 3.1 million tests were
reported for Type2 diabetes patients between
2006 and 2008. Seventy two percent of these
tests were supported by guideline recommen-
dations, 12.4% were in the grey zone due to
unclear guidance and 10.1% were not support-
ed by guidelines (1).

These examples, along with many similar obser-
vations published in the literature about guide-
line implementation, point to the fact that it is
not sufficient to develop good evidence-based
guidelines and passively disseminate them.
Successful translation of the evidence into prac-
tice requires a system approach which starts
with acknowledging existing gaps in clinical
practice and recognising the need for a change,
followed by a search for and implementation of

eJIFCC2015V0I26No3pp146-157
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2. Conflict of
interest
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4. Systematic review
of the evidence

5. Evidence
foundations

for and rating

the strength of
recommendations
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Explanation

The guideline development process and
its source of funding must be transparent
and public

Before guideline panels are established
all conflicts of interest must be declared.
Chairs and co-chairs should be free from
conflicts of interest. Funders of CPGs
should not influence the content of the
guideline

Guideline panels should be
multidisciplinary involving all key
stakeholders targeted by the CPG and
methodologists. Patient and consumer
involvement should be encouraged.

Guidelines should be based on
systematic reviews that meet
methodological standards.

Recommendations should have
reasoning with clear description of
potential benefits and harms and a
summary of the evidence behind them.

The strength of evidence and the
strength of recommendation must be
rated.

Differences of opinions must be explicitly
stated.
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Additional notes relevant
to guidelines
on laboratory testing

See paper by Kahn et al. in this
issue.

See paper by Kahn et al. in this
issue.

The involvement of
professionals in laboratory
medicine should be facilitated
in CPG panels where
recommendations involve
laboratory testing.

See paper by Kahn et al. in this
issue.

Laboratory professionals
should be engaged in systemic
reviews of diagnostic tests.
For recommended tools and
checklists see text and the
Cochrane DTA and EQUATOR
websites.

The GRADE diagnostic tool is
recommended for rating the
strength of evidence and the
strength of recommendations
related to testing.

See paper by Don-Wauchope et
al. in this issue.



6. Articulation of
recommendation

7. External review

8. Updating
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Recommendations must be clear and
unambiguous. Strong recommendations
should be worded to allow evaluation of
compliance.

External review of draft CPGs should be
provided by all relevant key stakeholders,
including the public.

The guideline panel should address all
comments and keep a record on how
and why those were incorporated or not
in the final recommendations.

The CPG publication date, date of sys-
tematic evidence review, and proposed
time of future update should be

Recommendations on
laboratory testing should
consider covering essential
items relevant to the correct
use and interpretation of
laboratory tests (28)

See paper by Misra et al. in this
issue.

See paper by Kahn et al. in this
issue.

See paper by Kahn et al. in this
issue.

documented.

The evidence base should be regularly
monitored and the CPG updated if

significant new evidence emerges that
modifies the existing recommendation.

Adapted from Institute of Medicine, Clinical Practice Guidelines We Can Trust, Standards March 2011 (www.iom.edu/

cpgstandards).

a solution through raising awareness and accep-
tance and leading to adoption and adherence,
i.e. the 4A-pipeline of a behavioural change
management process.

Active dissemination of guidelines, using leaf-
lets, electronic alerts and advertisements, out-
reach visits, lectures by respected senior ex-
perts and other tools should be coupled with
education to raise awareness and facilitate ac-
ceptance of recommendations. However, even
acceptance of the evidence does not guaran-
tee that evidence-based recommendations
for best practice are adopted and adhered to.
Mickan et al. have elegantly demonstrated
that there is leakage along the awareness—ac-
ceptance—adoption—adherence pipeline. Their

Page 152

study showed that both adoption and adher-
ence were affected by provider and organisa-
tional factors. For example, specialists work-
ing in large hospitals with better facilities and
resources were more likely to adopt and ad-
here to recommendations than single-handed
general practitioners. Laboratories therefore
may need to develop different implementa-
tion strategies for their hospital and general
practitioner clients. It further emphasizes the
importance of joint development of labora-
tory medicine specific clinical recommenda-
tions that this study has also found that na-
tional or regional recommendations issued by
professional organisations were more likely
to be accepted and adopted than global or

eJIFCC2015V0l26No3pp146-157


http://www.iom.edu/cpgstandards
http://www.iom.edu/cpgstandards

Table 2

Purpose

Critical appraisal
of guidelines

Grading the strength
of evidence and
recommendations

Implementation
of guidelines

Standard operating
procedure for
laboratory medicine
practice guideline
development

Guideline development
checklist

Manual for Diagnostic
Test Accuracy
systematic reviews

Critical appraisal

of diagnostic accuracy
studies for systematic
reviews

Reporting standards
for diagnostic accuracy
studies

Reporting standards for
multivariable prediction
model for individual
prognosis or diagnosis

Reporting standards
for systematic reviews

Andrea R. Horvath
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Tool

AGREE

GRADE

GLIA

NACB SOP

GRADE-DECIDE

Cochrane DTA

QUADAS-2

STARD

TRIPOD

PRISMA

Link

www.agreetrust.org/

www.gradeworkinggroup.org

http://nutmeg.med.yale.edu/glia

https://www.aacc.org/~/media/files/nacb/nacb_
Impg_sop_jan_2014.pdf?la=en

www.guidelinedevelopment.org

http://cebgrade.mcmaster.ca/guidecheck.html

http://srdta.cochrane.org/handbook-dta-reviews

http://www.bris.ac.uk/media-library/sites/quadas/
migrated/documents/quadas2.pdf

http://www.equator-network.org

http://www.equator-network.org

http://www.equator-network.org

other international guidelines. This study also
showed that informed patients can influence
adherence to best practice which highlights the
importance of guideline implementation strat-
egies that use patient information and empow-
erment tools. Clear and consistent laboratory
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testing-related guidelines, conceived in collab-
oration with clinical specialists and which are
pilot tested and adapted to local settings and
equipped with tools and resources for monitor-
ing, achieve higher success with adoption and
adherence (3,21).

eJIFCC2015V0I26No3pp146-157
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The multidimensional and complex nature of
guideline implementation strategies is prob-
ably best described by a matrix of multifac-
eted approaches, including 1/ behavioural
and educational, 2/ organisational, 3/ policy,
and 4/ professional and other incentives and
tools that kick the 4A-cycle into action (3).
Various evaluations have also concluded that
such multifaceted implementation strategies
are more likely to succeed than single inter-
ventions. Continuous benchmarking of perfor-
mance, coupled with feedback and education,
seem to be the most successful strategies. For
more details on guideline implementation and
auditing its impact and effectiveness and cost-
effectiveness in practice see the papers by
Misra et al. and by Collinson, in this issue.

TOWARDS IMPROVED
GUIDELINE DEVELOPMENT

The above mentioned shortcomings of guideline
development and implementation raise a
couple of questions: 1/ Do we need guidelines
at all, or should the laboratory profession focus
its efforts and resources on producing more
high quality research evidence, and probably
less low quality guidelines? 2/ Do we need so
many guidelines on the same topic, and 3/ is
it necessary to have separate guidelines for
covering different aspects of care of a clinical
condition?

Considering the first question, one may ask, if
guidelines are not implemented or applicable
to practice and do not have significant impact
on health outcomes, why bother developing
them? Would it be better to have high quality
trials or systematic reviews or evidence sum-
maries in form of well structured, quality rated
evidence-tables that would provide a univer-
sal answer to clinically important questions?
This might be particularly relevant in labo-
ratory medicine, where systematic reviews,
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conducted solely for the purposes of guidelines
or economic analyses, are often of poorer qual-
ity than single overviews performed by experts
trained in evidence-based medicine (22,23).
Kahn and Gale also argue whether we need so
many guidelines on the same topic and wheth-
er we should move away from guidelines that
are too generic and directed toward patient
populations and replace those by computer
generated, individualised guidelines where the
evidence is provided as a backbone for local
discussions and formulation of local policies on
best clinical practice (24).

So, there is an increasing argument for simply
providing better evidence and evidence re-
views. However, for doing so, laboratory profes-
sionals should obtain more skills in systemati-
cally reviewing the diagnostic literature which
itself has a number of methodological challeng-
es. Various manuals and tools assist in writing
systematic reviews related to diagnostic test-
ing (Table 2). For example, a Cochrane Working
Group issued a comprehensive handbook for
systematic reviews of diagnostic test accuracy
(http://srdta.cochrane.org/handbook-dta-re-
views). The so-called QUADAS tool is a very use-
ful resource for appraising diagnostic accuracy
studies for systematic reviews (25). Several re-
porting standards, such as STARD for diagnos-
tic accuracy studies, TRIPOD for a multivariable
prediction model for individual prognosis or di-
agnosis, and PRISMA for systematic reviews in
general can be found on the Equator Network’s
website (http://www.equator-network.org).
The Institute of Medicine has also issued meth-
odological standards for producing high quality
systematic reviews (http://www.nap.edu/cata-
log.php?record_id=13059).

Regarding the second question, undoubtedly
we have far too many guidelines, often cover-
ing the same topic. At the time of writing this
article, 2417 CPGs are available in the Agency

eJIFCC2015V0l26No3pp146-157
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for Healthcare Research and Quality’s (AHRQ)
National Guideline Clearinghouse website
(http://www.guideline.gov/index.aspx) and 84
CPGs are under development. On diabetes mel-
litus alone, there are 454 hits for CPGs in the
same database. For this phenomenon of mul-
tiple guidelines, Kahn and Gale offer some ex-
planations and a solution. If a new guideline is
developed for a topic that is already covered by
a guideline elsewhere, the organisation should
provide a rationale why a new guideline is
needed; simply approve the existing guideline if
recommendations are the same; or explain how
and why the new guideline differs from the pre-
vious one (24). The AHRQ also offers guideline
synthesis reports that compare the scope, con-
tent and the corresponding strength of evidence
of various CPGs on the same topic (http://www.
guideline.gov/compare/index.aspx).

With increasing rigour for development CPGs
are becoming too complex and too long. There
is an ongoing discussion whether testing-
related recommendations should be developed
by subspecialty societies, such as AACC’s NACB,
or whether recommendations on testing should
be part of CPGs and developed jointly with
clinical societies. On the one hand, guidelines
produced by specialty societies are reported to
be of lower methodological quality compared
to those produced by major guideline organi-
sations that have well-defined processes,
rigorous methodologies and adequate re-
sources to hire expertise for evidence-based
guideline development (26,27). On the other
hand, laboratory testing-related information is
not easy to locate and pre- and post-analytical
information, important for the appropriate re-
guesting and use of tests, is rarely provided in
CPGs. Inappropriate coverage of laboratory
testing related information in CPGs has been
shown by the Guideline Working Group of the
European Federation of Clinical Chemistry and
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Laboratory Medicine. For more comprehensive
coverage of laboratory-related items in CPGs,
this group has suggested a detailed checklist
of 33 preanalytical, 37 analytical and 10 post-
analytical items and they also provided a
reduced list of minimum requirements (28). For
more details see the paper by Misra et al., in
this issue.

CONCLUSIONS

Whilst clinical practice guidelines aim to close
the gap between research and practice, the ap-
pearance of so many guidelines seems to have
created a new gap between their development
and utility in practice. Poor quality and lack of
explicitness of recommendations on labora-
tory testing call for methodological and report-
ing standards for guidelines. A transparent and
explicit evidence-grading scheme and interna-
tional collaboration of guideline development
activities are needed to increase the validity,
applicability and cost-effectiveness of recom-
mendations related to the use of laboratory
tests in clinical practice.
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ABSTRACT

The National Academy of Clinical Biochemistry (NACB)
has developed consensus-based guidelines for the
laboratory evaluation and monitoring of patients
with specified disorders for two decades. In 1997,
the NACB recognized the need to standardize the
process of guideline development and promulgat-
ed its first Standard Operating Procedure (SOP) for
this purpose. In 2010, the American Association of
Clinical Chemistry (AACC) and NACB created the
Evidence-Based Laboratory Medicine Committee
(EBLMC). Among other roles, this group was given
responsibility to provide oversight of clinical prac-
tice guideline development in accordance with SOP
guidance and using currently accepted good prac-
tices. In 2011, the U.S. Institute of Medicine (IOM)
published two reports of relevance: ‘Clinical Practice
Guidelines We Can Trust’ and ‘Finding What Works
in Health Care — Standards for Systematic Reviews.
These reports were created as part of a response to a
legislative mandate from the U.S. Congress request-
ing that steps be taken to implement recommenda-
tions from IOM’s report on ‘Knowing What Works in
Health Care’ (2008). The latest revision of the labo-
ratory medicine practice guidelines (LMPG) SOP was
in part driven by these reports. NACB continues to

Page 158

eJIFCC2015V0l26No3pp158-167


mailto:skahn@lumc.edu

Stephen E. Kahn, Patricia M. Jones, Alex C. Chin, Robert H. Christenson
Defining the path forward: guidance for laboratory medicine guidelines

develop LMPGs at a rate of roughly one per year
through standard processes detailed in its 2014
revision of the SOP.

This article describes the NACB and EBLMC ex-
perience in developing LMPGs with a focus on
the evolution and use of the latest SOP. AACC
and NACB have established a solid track record
in collaboratively working with many clinical so-
cieties and professional organizations on clini-
cal practice guideline development. Presently,
three LMPG’s are in various stages of develop-
ment and all with the collaboration of other
clinical/professional groups. The practices and
tools being used for current LMPGs in progress
are also highlighted in the context of the chal-
lenges that presently exist for effective clinical
practice guideline development in the U.S.

INTRODUCTION

Over the past decade, a transformation has
swept across the U.S. healthcare system.
Delivering patient-centered care and improv-
ing resource utilization have become ‘mission
critical’ goals for healthcare providers. After
promising during his election campaign to make
U.S. health care reform a top priority, Barack
Obama became the 44t U.S. President in 2009.
The following year, President Obama signed the
Patient Protection and Affordable Care Act into
law. Often referred to as ‘Obamacare,” this act
set the stage for an even greater transformation
of the U.S. healthcare landscape by creating a
new paradigm for providers’ delivery of health-
care with a focus shift from volume to value. As
a result of these factors, interest in the practice
of evidence-based medicine (EBM) in the U.S.
has never been stronger.

With this increased interest in EBM and asso-
ciated evidence-based laboratory medicine
(EBLM) efforts, clinical societies, professional or-
ganizations and governmental groups have de-
veloped a greater awareness on the importance
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of clinical practice guidelines as well as the
methods used for their development. In 2011,
the Institute of Medicine (IOM) published two
relevant reports: ‘Clinical Practice Guidelines
We Can Trust’ (1) and ‘Finding What Works in
Health Care — Standards for Systematic Reviews’
(2). Promulgating these reports was part of the
IOM’s response to a legislative mandate from
Congress requesting that steps be taken to
implement recommendations from an earlier
IOM report on ‘Knowing What Works in Health
Care (2008)’ (3). As a result, the Department of
Health and Human Services was commissioned
to develop evidence-based, methodological
standards for systematic reviews (SRs) and clini-
cal practice guidelines (CPGs) (1). These events
also provided new resources for the National
Academy of Clinical Biochemistry (NACB) at
a time when it had become the ‘Academy of
AACC’ and was reassessing their processes for
development of laboratory medicine practice
guidelines (LMPGs).

A brief history of NACB and a key program
of the Academy — Laboratory Medicine
Practice Guidelines

The NACB was founded by a group of mem-
bers from the Chicago Section of the American
Association for Clinical Chemistry (AACC) in
1976. This core group of clinical chemists envi-
sioned a learned professional society of doctoral
level scientists employed in academic, research
and/or hospital-based settings. Throughout its
history, the scope, visibility and impact of the
Academy’s programs have grown steadily. Early
on, two key Academy programs were a specific
NACB Annual Meeting and the Journal of Clinical
Biochemistry. In the 1990’s, the overlap of indi-
viduals who held leadership positions in both
AACC and NACB began to increase. Additionally,
recognition of the benefits in synergistic collab-
oration across multiple programs and venues
led to formal agreements between NACB and
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AACC, and were established in the spirit of work-
ing together more closely. The mission of NACB
is to ‘advance clinical practice and research and
to promote education and professional develop-
ment in clinical laboratory medicine’. In 2006,
AACC and NACB leaders signed an agreement
to merge, expanding NACB’s mission to include
‘serving as the Academy of AACC"’.

One of the NACB’s most visible programmatic
initiatives continues to be the staging of con-
ferences and symposia focusing on important
topics in the disciplines of clinical biochemistry
and laboratory medicine. In the mid-1990’s,
NACB leaders decided to replace the scientific
symposia at their annual meetings with con-
ferences aimed at Standards of Laboratory

Table 1

Practice (SOLPs). The model for this new for-
mat was a small meeting, often a satellite of
the larger AACC conference, for which the
proceedings and issues discussed would be
published in the form of a monograph. These
NACB monographs were early versions of
clinical laboratory practice guidelines. Once
published, they allowed for broader dissemi-
nation of conference findings and education
of laboratory professionals. In 1999, NACB
leaders decided to use a new name for future
SOLPs, Laboratory Medicine Practice Guidelines
(LMPGs). Since 1994, the NACB has developed,
or is currently developing, nearly 20 SOLPs and
LMPGs. A list of these documents is provided
in Table 1.

Year Topic Status
1994 Nutritional Status (Out of Print)
1996 Diagnosis of Thyroid Disease -
1998 Evaluation and Management of Newborns (Out of Print)
1999 Therapeutic drug Monitoring (Out of Print)
1999 Cardiac Markers (Archived)
2000 Hepatic Injury (Archived)
2000 Electronic Medical Records -
2002 Thyroid Disease (Archived)
2002 Diabetes Mellitus (Archived)
2003 Tumor Markers in the Clinic (Archived)
2005 Emergency Toxicology (Archived)
2006 Maternal-Fetal Risk Assessment (Archived)
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2007 Point of Care Testing (Archived)
2007 Biomarkers of Acute Coronary Syndrome (Published)
2008 Expanded Newborn Screening (Published)
2009 Emerging CV Risk Factors (Published)
T Markers in Testicular, P | I, B
5009 umor gr ers in Testicular, Prostate, Colorectal, Breast, (Published)
and Ovarian Cancers
2009 Use gf Tumor Markers in Clinical Practice: Quality (Published)
Requirements
2010 Tumor Markers in Liver, Bladder, Cervical, and Gastric (Published)
Cancers
L . I .
2010 abo.ra.tory Ana!y5|s and Application of Pharmacogenetics (Published)
to Clinical Practice
2011 Diagnosis and Management of Diabetes Mellitus (Published)
. (Final title to be
(In development) | Pain Management determined)
(In development) | Biomarkers of Cardiac Disease Jrllnsd htlg i lae
determined)
(In development) Guidelines and Recommendations for Laboratory Analysis (Final title to be
P of Human Chorionic Gonadotropin (hCG) in Clinical Practice determined)

Earlier SOLP’s and LMPG’s of the Academy are
now either out of print or archived.

Today, LMPGs are documented practice recom-
mendations resulting from evidence-based ap-
proaches to addressing questions regarding ap-
propriate use of diagnostic laboratory testing
in a specific scientific and/or clinical discipline.
LMPGs are intended to improve the use of di-
agnostic laboratory tests in a manner that opti-
mizes patient care outcomes and are based on
practice recommendations informed by system-
atic review of the evidence. LMPGs include rec-
ommendations based on weighting and grading
the relevant evidence. LMPGs also address the
benefits and harms of alternative laboratory
testing strategies. A key component of SOLPs
and LMPGs has always been development in col-
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laboration with other relevant clinical societies,
stakeholders and/or professional organizations.

Sustaining guideline quality
through standard operating procedures

Not long after the first SOLP was published, NACB
leaders recognized that a long-term approach for
ensuring the quality and impact of their guide-
lines would best be served by the development
of policies or procedures for guideline develop-
ment. This recognition led to a decision made by
the NACB’s Board of Director’s (BOD) to include
in their own manual a policy on LMPGs that also
required the creation, use, and periodic revi-
sion of a Standard Operating Procedures (SOP)
instrument for NACB Guideline Development
Groups (GDGs) (4). The first NACB SOLP SOP was
created in 1997. Prior to the 2005 approval of
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the SOP by NACB’s BOD, it had already been re-
vised twice during the 8 years since the initial
SOP was created.

Initially, responsibility for oversight of the de-
velopment of LMPGs rested with the NACB'’s
Education and Scientific Affairs Committee
(ESAC). In 2009, AACC and NACB leaders de-
cided that activities of AACC’s EBM Committee
should integrate more closely with programs of
the Academy. By that time, the Committee had
capably demonstrated a strong track record in
offering programs and products as well as es-
tablishing a solid working relationship with the
Agency for Healthcare Research and Quality
(AHRQ) in the U.S. AHRQ is a government
agency, part of the Department of Health and
Human Services, that functions to support re-
search to improve the quality of health care (5).

Key members of AACC’s EBM Committee con-
tinue their contributions to the field that con-
tribute to maintaining EBM and EBLM at the
forefront of numerous AACC and NACB ini-
tiatives (6,7). In 2010, a new Evidence-Based
Laboratory Medicine Committee (EBLMC) was
formed combining the activities of AACC’s EBM
Committee and NACB'’s ESAC.

The EBLMC was charged with several respon-
sibilities including oversight of LMPG develop-
ment. The EBLMC is also charged with promot-
ing and/or overseeing the collaborative efforts
required in review and approval of other society
or organizational guidelines for potential AACC
endorsement. In fact, all NACB guideline de-
velopment groups must have a member of the
EBLMC who is selected through collaborative
discussion between the LMPG committee chair
and the EBLMC chair.

Given these roles, it made sense that the EBLMC
would also take on the responsibility for ensur-
ing that revisions of the LMPG SOP remained
consistent with current best practices in clini-
cal practice guideline development. Through
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an extended process that began in 2011 that
involved multiple stages of review by key stake-
holder groups in AACC and its Academy, the
2014 revision of the LMPG SOP was approved
and is available to AACC and/or NACB members
on NACB’s webpage on the AACC website (8).
Before final AACC and NACB BOD approval, a
draft of the 2014 LMPG SOP was posted allow-
ing for and inviting open public comment on the
proposed content in order to achieve openness
and transparency of EBLMC’s efforts to arrive at
a final revision that could be widely utilized.

Content in the 2014 SOP was influenced signifi-
cantly by the 2011 IOM report as well as by oth-
er available guideline development resources
(9,10). AACC and NACB leaders as well as mem-
bers of the EBLMC recognized, acknowledged,
and underscored the importance of developing
LMPGs in a process consistent with the below
key principles articulated in the 2011 IOM re-
port on developing trustworthy clinical practice
guidelines:

e Establishing transparency
¢ Management of conflict of interest (COI)
e Guideline development group composition

¢ Clinical practice guideline-systematic
review intersection

e Establishing evidence foundations for
and rating strength of recommendations

¢ Articulation of recommendations
e External review
e Updating

LMPG committees are strongly encouraged to
keep all elements of these standards in mind
during the guideline development process and
incorporate specifics, where applicable, in the
final LMPG.

Components in the AACC organizational struc-
ture associated with guideline development,
review and approval are numerous and varied.
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As a result, the nature of interactions and re-
sponsibilities between these components as
well as with external groups, when applicable,
are complex. Consequently, the importance and
benefits of using the SOP as a mandatory guide
by LMPG committees in LMPG development
should be apparent. Organizational elements
that can potentially be involved with the de-
velopment of LMPGs and the use of the LMPG
SOP as well as the activities related to review/
approval of other external society or organiza-
tional guidelines are shown in Figure 1.

Shouldering the bulk of responsibility for the
tremendous amount of work required for
LMPG development is the LMPG committee it-
self. Several other groups have typically played
a key role in the overall process including the

LMPG Committees

EBLMC, AACC and NACB BODs as well as confer-
ence or meeting organizing groups such as the
AACC’s annual meeting organizing committees.
LMPG committees are expected to be multi-
disciplinary and typically have members from
other relevant clinical societies or professional
organizations.

With the understanding that LMPGs are more
likely to be utilized fully by both laboratorians
and clinicians with the endorsement and sup-
port of the appropriate clinical society, LMPG
Committees are strongly encouraged by the
SOP to include clinical society members and to
sign a collaborative Co-Sponsorship Agreement
with the clinical society(s) involved.

The most important role on the LMPG commit-
tee is that of the LMPG chair. This individual,

LMPGs
4 Evidence-\
Based
Practice and
Improved
CPGs {atlent Care/

Non-LMPG Opportunities

Other society guidelines — requests for member
participation, review of CPGs in development
and/or AACC endorsement of CPGs

How the AACC Academy and the Evidence-Based Laboratory Medicine Committee (EBLMC) promote evidence-based
practice and improved patient care through use of Standard Operating Procedures (SOP) for the development of
laboratory medicine practice guidelines (LMPGs) and clinical practice guidelines (CPGs).
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or individuals if there are co-chairs, may often
be a key and active participant in one or more
of AACC’s Divisions that are unique groups or
‘communities’ that AACC members may join
that focus on their specific area(s) of interest
or expertise within the field of laboratory medi-
cine. Presently, there are 18 scientific divisions
within AACC.

Other LMPG development issues addressed in
the 2014 SOP are the roles and responsibilities
of all key stakeholder groups or individuals, how
LMPG topics are selected, how to conduct the
systematic review of the evidence (including
selected examples of past and current data ab-
straction forms for this review) and how to eval-
uate the strength as well as grading of the final
evidence-based recommendations. Significant
ancillary activities required for LMPG develop-
ment are also addressed. This category of infor-
mation includes public presentation of LMPG
information in selected program categories or
venues, public posting of LMPGs including digi-
tal media, processes for guideline finalization
and approval, requirements for LMPG publica-
tion, expected LMPG development timelines
and requirements of a plan for future updating
of the LMPG. This last item has not been well
addressed in past versions of the SOP. In turn,
being able to update key LMPGs when the 5
year active period has expired has, in the past,
often been a challenge for NACB, ESAC and now,
also the EBLMC.

Being able to assess the effectiveness of an
LMPG is another area that has been lacking pre-
viously and is in keeping with the current SOP.
Any initial proposal of a LMPG topic now takes
into account such issues as target audience,
guideline promotion and optimal utility and pri-
ority gaps that should be addressed. In addition,
LMPG Committee selection focuses on bringing
the appropriate partners to the table to facili-
tate the production of effective guidelines.
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Critical issues to address for achieving
best practices in guideline development

Working collaboratively with other clinical so-
cieties and organizations remains a top prior-
ity in LMPG development. For more than two
decades, this collaboration has involved close
to 100 other clinical societies and/or profes-
sional organizations. Frequent partners in-
clude the College of American Pathologists, the
Endocrine Society, the U.S. Centers for Disease
Control and Prevention as well as the AHRQ.
Now, with the emphasis being placed on clini-
cal society collaboration on LMPGs, partnership
organizations are increasing in number and va-
riety. Current LMPGs in development involve
collaboration with the American Academy of
Pain Management, the American Congress of
Obstetrics and Gynecology and other clinical
groups.

Grading the quality of the evidence and the
strength of recommendations also presents a
challenge given the lack of systems effectively
designed for use with diagnostic tests (11). For
grading the evidence and assigning the strength
of recommendations LMPG committees, espe-
cially if the LMPG is developed in collaboration
with leading clinical societies, use those systems
that are routinely employed by the relevant
clinical societies in their guideline development
process. When this has not been the case, the
system that has often been used by LMPG com-
mittees was an adapted and modified version
from the U.S. Preventive Services Task Force
Recommendations for Preventive Services (12).

LMPGs have been typically posted on AHRQ's
National Guideline Clearinghouse website for
the five year active period per AHRQ policy
(13). As of early 2015, three LMPGs remain ac-
tively listed. One of these LMPGs on ‘Guidelines
and Recommendations for Laboratory Analysis
in the Diagnosis and Management of Diabetes
Mellitus’ also reported development of a new

eJIFCC2015V0l26No3pp158-167



Stephen E. Kahn, Patricia M. Jones, Alex C. Chin, Robert H. Christenson
Defining the path forward: guidance for laboratory medicine guidelines

system designed by the LMPG committee for
grading evidence and assigning the strength
of recommendations (14,15). This system also
incorporates a new and specific expert-based
consensus recommendation known as ‘Best
Practice Points.” The overall system reported
and used by this LMPG committee will be an op-
tion for future guideline development groups,
including LMPG committees, to consider since it
was specifically designed for a guideline focus-
ing on diagnostic testing.

Continuing to strive towards achieving best
practices in guideline development and being
able to sustain a greater level of consistency
in LMPG development are emphasized in the
2014 SOP. That this would be a significant op-
portunity for improvement is not surprising
considering the length of time since NACB
groups first began developing SOLPs and, pres-
ently, AACC’s Academy developing LMPGs in
collaboration with an extensive number of
partner societies.

The EBLMC and NACB leaders have under-
scored the importance of addressing and re-
solving these issues (16). In 2011, the EBLMC
decided that the guideline evaluation tool to
be used by LMPG committees for this purpose
should be the second edition of the AGREE
(Appraisal of Guidelines for Research and
Evaluation) instrument (17). Use of the AGREE
Il instrument to evaluate the methodological
quality of clinical practice guidelines has been
reported (18).

Another group reported using the AGREE II
instrument to evaluate eleven NACB LMPGs
(most now archived). This group found that
five of eleven LMPGs had overall scores > 50%.

However, while all provided useful information
seen as applicable to clinical practice by the
evaluators, there was still a wide variability in
AGREE Il domain scores (19). Notably, the one
guideline published (15) after the development
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of the AGREE Il instrument achieved a very
high score (19). To further advance the neces-
sary support by EBLMC in LMPG or external
society guideline review, the 2014 SOP de-
scribes a significant change made by EBLMC
compared to previous methods of ‘linking’ the
LMPG developing groups and those helping to
oversee the development process. Historically,
NACB required guideline chairs to be mem-
bers of the Education and Scientific Affairs
Committee. As noted previously, the practice
now required in the 2014 SOP is for at least
one EBLMC member, preferably with relevant
content expertise and experience, to also serve
on each new LMPG committee. In this manner,
representative EBLMC members will be able to
provide updates to the EBLMC on the progress
and challenges experienced by the respective
LMPG committees. Reciprocally, given that the
EBLMC includes members with experience in
guideline development and methodology, ef-
forts are under way to make this expertise
more available to LMPG committees.

CONCLUSION

For all clinical guideline development groups,
effective application of evidence-based labora-
tory medicine will continue to require openness
and transparency as well as adaptability in their
procedures and activities in the future.

For the EBLMC and future LMPG committees,
significant opportunities remain for identify-
ing ways that can increase the effectiveness
of LMPGs, provide measurable indicators of
their impact and document related changes in
clinical practice associated with the new evi-
dence-based recommendations regarding use
of diagnostic tests. Indeed, employment of new
communication strategies including digital me-
dia may prove useful to promote LMPG activi-
ties and evidence-based laboratory medicine.
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Presently, there are three LMPG committees
two focusing on new LMPG topics and one being
an update of the widely recognized 2007 LMPG
on Biomarkers of Cardiac Disease (20,21). The
LMPG committee for the latter is being formed,
in part, from members of AACC’s Biomarkers of
Acute Cardiac Disease Division. This committee
will undoubtedly include key members from
other clinical societies in the cardiac disease
and/or cardiology disciplines. It is anticipated
that the next LMPG to be finalized from these
three LMPG committees will be on the labora-
tory aspects of Pain Management and another
one is under development on the clinical use of
hCG testing.

All three of the current LMPGs in some stage
of development include working with, and in-
volving individuals from other clinical societ-
ies under the auspices of the EBLMC using the
procedures contained in the 2014 SOP. The ef-
forts will include the monitoring of the method-
ological quality of LMPGs by application of the
AGREE Il instrument.

Within the EBLMC as well as the leaders of
NACB and the AACC, there is a strong, sustained
commitment to ensure that the LMPG devel-
opment process will continue to evolve and
improve over time. This commitment must in-
clude the EBLMC and other groups remaining
open to making future revisions to the 2014
SOP when necessary. For as so many individuals
have stated in a quote, known widely: “if you're
not getting better, you’re getting worse.”
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ABSTRACT

Background: Evidence-based guideline development
requires transparent methodology for gathering, syn-
thesizing and grading the quality and strength of evi-
dence behind recommendations. The Grading of Rec-
ommendations Assessment, Development and Evalu-
ation (GRADE) project has addressed diagnostic test
use in many of their publications. Most of the work
has been directed at diagnostic tests and no consen-
sus has been reached for prognostic biomarkers.

Aim of this paper: The GRADE system for rating the
quality of evidence and the strength of a recom-
mendation is described. The application of GRADE
to diagnostic testing is discussed and a description
of application to prognostic testing is detailed. Some
strengths and limitations of the GRADE process in
relation to clinical laboratory testing are presented.

Conclusions: The GRADE system is applicable to clini-
cal laboratory testing and if correctly applied should
improve the reporting of recommendations for clini-
cal laboratory tests by standardising the style of rec-
ommendation and by encouraging transparent re-
porting of the actual guideline process.
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INTRODUCTION

The Grading of Recommendations Assessment,
Development and Evaluation (GRADE) proj-
ect was initiated to standardise the grading of
guideline recommendations (1). The GRADE
system addresses both the quality of evidence
as well as the level of recommendation (2).
Numerous systems exist for grading the evi-
dence and recommendations, generated by
a range of organisations representing profes-
sional societies and national/provincial/inter-
national bodies amongst others (3). The GRADE

Figure 1
of quality of evidence

project has published two sets of papers with
the most recent series still appearing in the
literature (4). These provide a combination of
general guidance and examples of specific ap-
plication to a range of areas in medicine. This
article will briefly describe the GRADE approach
to evaluating the quality of evidence for diag-
nostic testing with a focus on laboratory tests.
Figure 1 gives an overview of how this fits
into the overall GRADE process that includes a
number of other factors in the formation of a
recommendation classified as strong or weak.
Subsequently, we will describe how this can be

The GRADE domains — the basis for the evaluation

Study

Indirectn
Limitations directness

Systematic Review

+000 ++00

Imprecision

Overall evaluation of quality

Publication

Inconsistency Bias

+++0 et

Valuesand preferences

Weak

Guideline Development

undesirable outcomes

Recommendation

Resource Use

Strong

This information is obtained as part of a systematic review that allows for full evaluation of the evidence for each
individual paper and then a collation of this into an overall summary of the quality of evidence. The guideline developers
then need to consider the quality of evidence in context of a number of other important factors to judge a final

recommendation.
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applied to prognostic testing using our previ-
ous work on natriuretic peptides as the exam-
ple. Finally, the strengths and limitations of the
GRADE approach will be considered in the con-
text of laboratory medicine.

OVERVIEW OF THE GRADE SYSTEM
OF RATING THE QUALITY
OF THE EVIDENCE

The GRADE system uses four major domains to
evaluate the quality of the evidence for a re-
search question (Figure 1). Typically research
guestions would be expected to follow the
Population-Intervention-Comparator-Outcome
(PICO) format (5). There are four major do-
mains and several minor domains that can be
considered as modifiers of the final quality of
evidence (6).

The first major domain investigates the risk of
bias or limitations of primary papers that are
considered for answering the specific PICO re-
search question behind the guideline recom-
mendations (7). This is based on evaluation of
the study design (i.e. cohort or randomized tri-
als), the application of the study design (identi-
fication of any threats to internal validity), the
reporting and analysis of the results and the
conclusions presented. There are a range of
validated tools available to assist researchers
and guideline teams to evaluate the risk of bias
in the primary papers. Systematic reviewers
should include their GRADE assessment and the
supporting data in the results of the systematic
review.

The second major domain investigates the in-
consistency of the evidence (8). This domain
considers all the primary papers related to each
outcome (defined in the PICO) and evaluates
the direction of the effect for consistency. The
presence of inconsistency in the direction or
magnitude of the effect (i.e. specificity) would
result in a downward grading of the evidence
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for the outcome. It is evaluated by considering
the range of point estimates, the confidence
interval around each point estimate and the
statistical testing for heterogeneity. When sev-
eral outcomes are considered, inconsistency is
evaluated separately for each outcome.

The third major domain investigates the indi-
rectness of evidence in relation to outcomes (9).
This domain considers the plausible or proved
link between the factor (e.g. the diagnostic in-
tervention) being considered and the outcome
being evaluated. This requires consideration of
the potential differences in population, type of
intervention, outcome measures and the com-
parisons made. The overall indirectness needs
to be judged based on the PICO and if pres-
ent would downgrade the quality of evidence.
Similar to inconsistency, each outcome is evalu-
ated for indirectness.

The fourth major domain is about the impreci-
sion of the evidence (10). Ideally, this domain
evaluates outcomes for which a summary
pooled estimate is calculated in a meta-analysis
to provide a measure of overall effect across dif-
ferent studies. The width of the 95% Cl in this
context would give an estimate of the impreci-
sion of the summarised data. If an intervention
is being compared to a control then the 95% Cl of
the individual point estimates for each included
study would be precise if there was no overlap,
and imprecise if there was overlap. When the
study effects cannot be meta-analyzed a num-
ber of factors (such as sample size) are consid-
ered across the literature being evaluated and
graded for imprecision.

There are several minor domains that can also
be considered when grading evidence and rec-
ommendations. One minor domain is publica-
tion bias (11). This domain is generally evalu-
ated using statistical techniques to assess the
probability of publication bias. There must be
sufficient number of studies included so that
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the statistical test has validity. In the case where
there are too few studies, one may likely assume
that publication bias is likely present. Other as-
pects to consider when assessing publication
bias are small numbers of studies with small
populations and predominate funding from in-
dustry sponsors whose role within the study is
not specified. Other minor domains include any
evidence for dose response, the magnitude of
the effect size and plausible residual confound-
ing (12).

Using the GRADE approach, the quality of
evidence is reported as one of 4 levels: High
(++++); Moderate (+++0); Low (++00); or Very
Low (0000) (13). The use of symbols to convey
the strength of evidence is becoming more ap-
parent in clinical practice guidelines and assists
readers in quickly assessing the quality upon
which the recommendations are based. The
definitions of these categories have been well
described for therapeutic interventions (13)
and we have suggested some additional de-
scriptions applicable to diagnostic accuracy and
prognostic studies. Table 1 (on the next page)
is an adaptation of the practical interpretation
of the quality of the evidence when considering
intervention (13), diagnostic accuracy (14), and
prognostic studies (15).

GRADE FOR DIAGNOSTIC TESTING
USING LABORATORY TESTS

Diagnostic testing was considered a separate
category when the GRADE project published
the first set of articles describing the process for
evaluating quality of the evidence and recom-
mendations (16). This was received with some
scepticism from the laboratory community but
has been successfully applied in some situations
with a number of limitations. The challenge to
diagnostic testing is often in the nature of the
study design providing data to support the PICO
guestion. The Oxford Centre for Evidence-Based
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Medicine (CEBM) has articulated this well in
their table for levels of evidence in diagnostic
accuracy testing (17). Within this hierarchy, the
highest order (i.e. most rigorous and valid) of
study are cohort and case-control studies and
thus quite different from therapeutic interven-
tions where randomised controlled trials are
considered the highest order of study design.
This is noted in the GRADE description for diag-
nostic test strategies, where exception is made
for diagnostic accuracy studies that would in-
clude cross-sectional or cohort designs as an
acceptable study type with no downgrading
based on for the domain of study limitations.
However, the evidence is quickly down-ranked
when considering the indirectness and impre-
cision often associated with these study de-
sign types. As more experience with the use of
GRADE was gained, the approach to evaluating
diagnostic accuracy studies was further devel-
oped (18, 19).

The same general principles and categories ap-
ply and it remains essential to set the question
well with consideration of the PICO elements.
There is some evidence to suggest that many
clinical questions posed in diagnostic test stud-
ies do not distinguish between the population
being tested and the problem (disease) of inter-
est (20).

The PICO format for interventions typically
combines the problem with population while
for diagnosis it may be important to separately
define these two components. For diagnostic
accuracy studies the outcomes are typically the
classification of the results into the proportion
of true positive, true negative, false positive
and false negative (21). This assumes that the
patient-relevant clinical outcome is the correct
diagnosis, and this encourages focus on diag-
nostic accuracy data. However, there is debate
about what is considered the most appropriate
clinical outcome of testing and that more em-
phasis should be placed on the role of testing
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. . Diagnostic test for Prognostic use of
Quality Interventions (13) . . . .
diagnostic accuracy (14) diagnostic test (15)
High We are confident that We are confident that We are confident that the
Quality | the true effect lies close | the diagnostic accuracy test makes an important
to the estimate of the estimates are accurate. contribution to the
effect determination of outcome
(predictive strength).
Moderate | We are moderately We are moderately confident | We are moderately
Quality | confident in the effect | in the estimates of accuracy. | confident that the test
estimate. The true The true accuracy estimate makes an important
effect is likely to be is likely to be close to the contribution to the
close to the estimate observed accuracy, but determination of the
of the effect, but there | there is a possibility that itis | outcome. The estimate of
is a possibility that itis | substantially different. the observed predictive
substantially different. strength is likely close to
the true effect, but there
is a possibility that it is
substantially different.
Low Our confidence in Our confidence in the Our confidence in the
Quality | the effect estimate is accuracy estimate is limited; | predictive strength
limited: the true effect | the true accuracy may be is limited; the true
may be substantially substantially different from predictive strength may be
different from the the accuracy observed. substantially different from
estimate of the effect the estimate of predictive
strength observed.
Very Low | We have very little We have very little We have very little
Quality | confidence in the effect | confidence in the accuracy. confidence in the
estimate: The true The true accuracy is likely predictive estimate of the
effect is likely to be to be substantially different | test. The true predictive
substantially different from the observed accuracy. | strength is likely to be
from the estimate of substantially different from
effect. the estimate of predictive
strength.

role for diagnostic testing (22). If the clinically im-
portant outcome includes appropriate manage-
ment and improvement in patient health, then
there is great difficulty in linking the diagnos-
tic test to the health outcome directly and the

in clinical pathways, and that the purpose of the
test (diagnosis, monitoring, screening, prognosis,
risk stratification and guiding therapy) and the
clinical effectiveness of testing should be consid-
ered in the wider context of health care and the
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assessment of imprecision requires that multi-
ple other factors are considered (22, 23). There
are a number of outcome options that could be
considered for diagnostic testing and the most
appropriate of these should be defined as part
of the PICO (22, 24).

Thus far most of the published literature has
focused on diagnostic accuracy studies. The
STARD document has helped improve the re-
porting of diagnostic accuracy studies (25). The
comparator could be a “gold” standard test but
this may not be available and other options are
mentioned in the STARD document. This con-
cept has been explored further by the Agency
for Health Care Research and Quality (AHRQ)
in their methods guide for medical test reviews
(26). Other parts of the extended PICO question
definition may include the timing and setting
for the question (i.e. PICOTS) (27). Timing is one
aspect that is often considered critical for diag-
nostic testing as the time between the test being
investigated and the comparator test is essen-
tial. Timing plays an important role, particularly
if the investigators are not blinded to the index
and reference test results are not masked. It is
also important if the two tests are carried out
at different time points in the disease process.
For index tests and reference tests, that require
samples or procedures other than blood (for
example tissue or diagnostic imaging), then the
two tests must be conducted in a time frame
in which change in the disease process would
not impact the interpretation of the test result.
For laboratory testing based on blood samples
the ideal situation is collection of all samples at
the same point in time. The setting often helps
defines the population more clearly. When the
prevalence of the diagnosis is changed because
of the setting (e.g. primary care versus special-
ist clinic), it becomes an important component
as consideration of prevalence will impact the
diagnostic accuracy data. This can be illustrat-
ed by two of the questions asked in the AHRQ
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comparative effectiveness review on the use
of Natriuretic peptides in Heart Failure (28,
29). Two diagnostic settings were considered
and this allowed for the primary papers to be
grouped correctly and evaluated in the appro-
priate context (Table 2).

Assessing risk of bias for diagnostic accuracy
studies is discussed extensively in the GRADE
papers as this is seen as particularly challenging
(18, 30). The AHRQ Methods Guide describes
the challenges of assessing risk of bias in more
detail (31). Validated tools such as the QUADAS
[1(32) tool or its predecessor the QUADAS(33)
can be helpful to carefully consider a range of
important factors that impact on the evalua-
tion of risk of bias. For any new systematic re-
views or clinical practice guidelines the use of
QUADAS Il would be recommended as it has im-
proved from the earlier version. QUADAS Il fo-
cuses on 4 aspects of risk of bias (patient selec-
tion, conduct or interpretation of the index test,
conduct or interpretation of the reference test,
flow and timing of the tests) and four aspects
of applicability (whether the study is applicable
to the population and settings of interest). In
the AHRQ Methods Guide, the domain of indi-
rectness, which is the link between diagnostic
accuracy and clinical outcome, and the domain
of imprecision were identified as challenging to
assess (34).

This section provides an overview of the theo-
retical framework to identify ways in which the
domains of risk of bias/study limitations, incon-
sistency, indirectness, imprecision and publica-
tion bias can be considered for evaluating the
evidence for diagnostic tests. This has been
successfully applied to diagnostic applications
of laboratory tests and Table 2 provides an ex-
ample of how GRADE was applied in the recent
AHRQ systematic review for Natriuretic pep-
tides in the diagnosis of heart failure (28, 29).
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Table 2
Diagnostic LS Inconsist- | Indirect- | Impreci- | Publica- SUCTEL
PICO of . . . of
measure . ency ness sion tion bias .
bias evidence
Use of Consistent Direct Imprecise n/a For both
B-type for BNP BNP and
natriuretic NT-proBNP
peptides Sensitivity | low ] .
ol Inconsistent High or
. . for ++++
diagnosis
of heart NT-proBNP
failure in the Consistent | Direct | Imprecise n/a BNP High
emergency for BNP or ++++
department o
(28) Specificity | low | Inconsistent NT-proBNP
for Moderate
NT-proBNP or +4+40
Diagnostic
performance . . . . No High or
of B-type Sensitivity low Consistent Direct Imprecise evidence et
natriuretic
peptide
for the
dlagn(])cS!s ol Specificit low | Inconsistent Direct Imprecise No Moderate
.hearjc ailure P ¥ P evidence or +++0
in primary
care (27)

APPLICATION OF GRADE
TO PROGNOSTIC TESTING

Although the GRADE has been widely adopted
for assessing the quality of the evidence in both
studies of interventions and diagnostic accuracy,
it has not yet been applied to studies evaluating
prognosis. In large part, this is because GRADE
has not reached consensus on how to apply the
criteria in the four major domains and in the mi-
nor domains specific to prognosis research.

Prognosis is defined as the probable course
and outcome of a health condition over time.
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A prognostic factor is any measure in people
with a health condition that from a specific
start point is associated with subsequent clini-
cal outcome (endpoint) (35). Prognostic factors,
if well established, function to stratify individu-
als with the health condition into categories of
risk or probability for the outcomes of interest.
Research into prognostic factors aims to estab-
lish which factors are modifiable, which should
be included in more complex models predicting
outcome, monitor disease progression, or show
differential responses to treatment.
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We had the opportunity to explore the applica-
tion of the GRADE approach in a systematic re-
view in which 3 prognostic questions were ad-
dressed (36). In the diagnostic examples (Table
2), we considered the use of natriuretic peptides
with respect to diagnosing heart failure. In ad-
dition, our systematic review considered natri-
uretic peptides as potential markers predicting
mortality and morbidity in both acutely ill and
chronic heart failure patients(37-40). as well
as in the general population (41). Our review
showed that both BNP and NT-proBNP gener-
ally functioned as an independent predictor of
subsequent mortality and morbidity at different
time frames.

Huguet et al.(2013) have recently proposed
some guidance for adapting GRADE for prog-
nostic studies based on their work in identifying
factors associated with chronic pain (15). The
main differences from GRADE applied to inter-
vention studies, occur with respect to study lim-
itations and to factors that may increase overall
quality. With regards to study limitations, there
is consideration of the phases of prognostic re-
search. This differs from evaluating evidence
from intervention and diagnostic accuracy stud-
ies, where the type of specific design (e.g. RCT
or cohort study) is given specific weighting. In
the context of prognostic studies, there is no
consensus on the taxonomy for phases of prog-
nosis research (Table 3). The simplest approach
considers three phases of prognostic research.
At the lowest level of prediction (PHASE 1),
prognosis studies are designed to identify po-
tential associations of the factors of interest
and are termed “exploration” (42) or ”predic-
tor finding” (43) or “developmental studies”
(44) PHASE 2 explanatory studies typically es-
tablish or confirm independent association be-
tween prognostic factors and outcomes, and
are also labelled as “validation” studies (44).
The highest level of evidence is from PHASE 3
studies where the prognosis study attempts to
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evaluate the underlying processes that link the
prognostic factor with the outcome. High qual-
ity evidence is likely found in PHASE 3 studies
(15); conversely, moderate to very low quality
evidence is based on PHASE 1 and 2 studies.

In prognostic research, setting the clinical ques-
tion is still the most important aspect as patient
important outcomes need to be addressed inthe
appropriate context. Using the PICOTS format is
central to this process to adequately define the
population, the intervention, the timing and the
setting. The comparator and the outcome are
also critical but often challenging to define. The
comparator test could be a wide range of items
when it comes to delineating probable course
and outcome. In our examples we included a
full range of reported comparators in the form
of any type of diagnosis of heart failure.

This could prove to be challenging if one form
of confirmation is clearly better than another
or if the different confirmatory tests include
different sub-populations. For the heart failure
populations we did not attempt to divide these
out, apart from the division between acute de-
compensated and chronic stable heart failure.
However, we could have tried to use different
diagnostic criteria such as echocardiography
findings to delineate severity and diastolic from
systolic dysfunction.

As discussed in the diagnostic accuracy section
the range of clinically relevant outcomes can be
quite diverse. For prognostic outcomes the use
of clinical pathways and clinically effectiveness
should be considered in additional to the more
traditional mortality and morbidity outcomes.
The length of time from the test to the evalua-
tion of the outcome status may be an important
consideration as this may change with differing
lengths of time. Bearing all these concepts in
mind is important when defining the outcome
as the applicability of the findings will be de-
pendent on patient important outcomes.
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Framework of an explanatory
approach to studying
prognosis (42)

PHASE 1: Identifying
associations

PHASE 2: Testing independent
associations

PHASE 3: Understanding
Prognostic Pathways

Consecutive phases of
multivariable prognostic
research (44)

Developmental Studies
(new prognostic model is
designed)

Validation Studies (External
replication of the model)

Impact Studies

(prognostic models are
technologies which require
ssessment of their impact on
health outcomes)

Types of multivariable
prediction research (43)

Predictor Finding Studies

Model Development studies
without external validation

Model Development studies
with external validation

External validation with or
without model updating

Model Impact Studies

Risk of bias for the prognostic studies in the na-
triuretic peptide systematic review was evalu-
ated using the underlying principles of the
Quality in Prognosis Studies (QUIPS) tool (45).
The elements of the QUIPS tool had been pre-
viously published and we adapted these very
slightly for the prognostic questions in our
study (46). This considers 6 domains that may
impact bias of a prognostic study: participation;
attrition; prognostic factor measurement; con-
founding measurement and control; outcome
measurement; and analysis and reporting (45).
The type of study design for prognostic evalua-
tion is largely cohort studies and these are pri-
marily prospective in nature. However, in many
reports the original study was a prospective or
randomised controlled trial and the analysis
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of the prognostic factor was done as an after-
thought and hence the study design should be
classified as retrospective cohort. There are
randomised controlled trials that could be con-
sidered as true evaluations of prognostic testing
but these are rare.

One additional advantage of using the QUIPS is
that there is a thorough assessment of the po-
tential for confounding bias. When applying the
GRADE to intervention studies, where the pres-
ence of plausible confounding in cohort studies
can be expected to reduce the effect size ob-
served, the study limitations can be upgraded.
However, this assumption may not be applicable
to prognostic studies which are predominately
observational in design; residual confounding
can effect predictions in either direction (over or
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under estimation of the predictive strength) or
have no effect at all (15). Our systematic review
for natriuretic peptides and heart failure showed
that most studies had many plausible confound-
ers (biases) that were not accounted for in the
adjusted analysis (i.e. residual confounders) (38,
40). The methods used in our comparative effec-
tiveness review attempted to establish a mini-
mum of three critical confounders; age, renal
function, BMI (or other measure of height and
weight) considered in the study design or in the
analysis. As an example to evaluate confound-
ing from renal function we considered mul-
tiple terms to identify the tests and conditions
(Table 4). Our findings showed consistent prob-
lems with studies measuring these three plau-
sible confounders, not considering several other

Table 4

Terms used for renal function

renal failure
acute renal failure
ARF
primary acute renal failure
chronic renal failure
CRF
acute interstitial nephritis
acute tubular necrosis
azotemia
dialysis
glomerulonephritis
hemodialysis
obstructive renal failure
renal insufficiency
kidneys
acute kidney failure
diabetes

potential confounders. However, it was not clear
which if any of these affected our estimates of
prediction or the direction of impact. The do-
main of confounder measurement and control
is essential in prognostic studies because the
link between the prognostic test and the out-
come is most often not direct and thus consid-
eration of all other known factors that influence
the outcome need to be taken into account.
This evaluation of primary papers allowed us to
judge the overall bias for the papers included for
each sub-question that we addressed as well as
obtain some insight into the other relevant do-
mains of GRADE. Huguet et al (2013) have also
made use of the QUIPS tool in their experience
with chronic pain systematic reviews (15).

Test used for renal function

urea or BUN
blood (serum or plasma) creatinine
creatinine clearance

urine creatinine
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Inconsistency can be estimated from the sum-
mary tables with the point estimates and 95%
Cl from odds ratio (OR), hazards ratio (HR) and
relative risk (RR). This follows the description
from the GRADE group and application of this
category does not differ from tests of interven-
tion or diagnostic tests (8).

The proposed adaptation of the GRADE to
prognostic studies for indirectness asks rat-
ers to consider this domain in the context of
the population, the prognostic factor, and the
outcome. The less generalizable the results for
each of these contexts, the higher the likeli-
hood of down-rating this category increases.
Indirectness is typically present when one con-
siders prognostic use of a test as there is very
seldom a direct link between the test and the
outcome of interest. There are typically numer-
ous steps in the process and many of these are
completely independent of the test being eval-
uated. If the factors described by the GRADE
group (population; intervention, outcome and
comparator) are well described in the PICOTS
then it may be possible to find a group of pri-
mary studies that match all factors in the same
way. If such a group of studies could be found
then indirectness may not be present. In the
natriuretic peptide systematic review primary
studies differed in outcome and comparators
that clearly made the evidence-to-outcomes
link indirect (38, 40).

Imprecision has some interesting difference be-
tween application in guidelines and systematic
reviews (10). For systematic reviews the goal is
estimating the effect size while for guidelines
the goal is to support a recommendation. Thus
in a systematic review the precision will be in-
terpreted on the width of the 95% Cl while in
guidelines it would be interpreted on the ability
to separate from the comparator. When pos-
sible the pooled effect size and confidence limit
would be the ideal tool to evaluate impreci-
sion. Consideration should also be given to the

Page 178

sample size of studies (10). However meta-anal-
ysis is not always available as the appropriate
application of meta-analysis requires that the
studies being included match the PICOTS close-
ly. When meta-analysis is not possible the range
of effect size and the spread of 95% Cl need to
be considered.

Publication bias will follow the same principles
described in the GRADE papers (11). Although
the issue has been noted in recent literature, in
the context of prognostic studies (47), there is
currently no registry of studies, or studies re-
lated to laboratory testing. Thus it is difficult
to make informed judgements about the likeli-
hood of publication bias.

Careful consideration and description of all the
GRADE domains need to be made by the guide-
line developers or systematic reviewers. This
should be documented and written up as an ap-
pendix to allow users of the guideline to con-
sider the details used by the guideline writers
and to allow methodologists the opportunity to
further develop the concepts around evaluation
of diagnostic tests.

STRENGTHS AND LIMITATIONS
OF GRADE FOR LABORATORY TESTS

The major strengths when using the GRADE
approach for the evaluation of the strength of
evidence and recommendations is the explicit-
ness and reproducibility of the process (48). An
advantage is the requirement to define a useful
and appropriate clinical question that includes
the necessary components of PICOTS. The
GRADE system takes into account key domains
to assess quality and strength of evidence. The
process of GRADE allows for transparency when
users of the guideline review the evidence be-
hind the recommendations (49).

Limitations can be grouped in a number of ar-
eas. Firstly guideline writers often do not fully
understand the GRADE system. Methodological
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experts are most often aware of the system
but many of them invited to participate in the
guideline team will not have had sufficient ex-
posure to GRADE or training to incorporate the
GRADE assessment of the strength of evidence
strength or to the process for making recom-
mendations. The GRADE system has been avail-
able for a number of years but as it continues
to develop it can be difficult for non-methodol-
ogists to keep pace with the changes. The ap-
plication of GRADE requires judgment of the
evidence in the domains as well as judgement
of the factors that help form the recommenda-
tion. This judgment is often construed as ex-
pert opinion and this has formed the core of
clinical practice guidelines in many instances.
The GRADE process is designed to move away
from expert opinion alone to one that includes
an evidence-formed judgement. If the team is
well versed in the GRADE literature and suit-
ably trained then the judgement aspect will
be a strength; however, it could be a limitation
if the team is not able to sufficiently consider
the evidence and be unduly influenced by their
own expert opinion.

The second group of limitations relates to
the challenges guideline teams face in meet-
ing the explicit criteria required for develop-
ing structured clinical questions and for the
evaluation of the evidence as described in
the GRADE process. Although the domains of
GRADE and how to apply these are well de-
fined, the heterogeneity of evidence presents
practical challenges to guideline development
teams. For example, defining the appropriate
type of study design for the highest rank of
evidence can be challenging. As noted pre-
viously, the designs that are considered to
have greater rigour (i.e. higher form of evi-
dence) will depend on the actual purpose of
the study. For diagnostic testing and prognos-
tic testing these will be different and these
nuances require careful reflection from the

Page 179

guideline developers. Initially the researchers
may consider using the currently published
models (for example CEBM tables and Table 3)
and use these if seen as appropriate (17, 42-
44). If an alternative system is used it should
be justified in the method description. The as-
pects of PICOTS require careful consideration
to make the question applicable to the target
audience. This is reasonably straightforward
for diagnostic testing (19). but definitions may
be more challenging in prognostic questions
as the distinction between population and
disease become even more important. Often
more than a single outcome should be consid-
ered in order to capture the complexity of the
contribution of diagnostic testing in relation to
patient important outcomes. There are practi-
cal challenges when judgements are based on
patient-relevant versus a test accuracy per-
spective (19). Similarly, there are some chal-
lenges to adequately judge imprecision as sta-
tistical approaches are somewhat limited for
assessing heterogeneity in diagnostic tests.
The complexity and diversity of clinical care
pathways may complicate the assessment of
indirectness. Here the factors that may im-
pact the clinical care pathway need to be ac-
counted for when the directness or indirect-
ness of the evidence is rated. The choice of
outcome measures will further influence the
considered judgement process of the GRADE
approach.

CONCLUSIONS

The GRADE system can be used to rate the evi-
dence for diagnostic and prognostic use of lab-
oratory testing. There are numerous challeng-
es and the results may not always be seen as
consistent between different guideline groups.
However, the GRADE evidence rating system
allows users of the guideline to compare and
contrast guidelines covering the same or similar
content. The transparency of the approach also
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allows better-informed adaptation and imple-
mentation of guideline recommendations to lo-
cal practice.
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IS THIS TEST ‘APT’?

The literature is full of new biomarkers which are
claimed to add to the laboratory repertoire in a
range of conditions. The literature is often confusing
and may be contradictory. The past 20 years is lit-
tered with publications claiming the next big thing in
a biomarker, some of which have been implement-
ed on high throughput laboratory platforms. The
number of novel biomarkers which have reached
widespread clinical acceptance and implementa-
tion is relatively small. How can the laboratory com-
munity realistically assess claims for new markers?
There is, to date, no completely defined set of crite-
ria which should be used. However, there are some
common themes in biomarker assessment. The two
major areas which need to be considered are evi-
dence required to assess test performance and cost
effectiveness.

Assessment of test performance can be broadly con-
sidered under three categories, Analytical suitability,
Plausibility and Treatment effectiveness; is the test
APT. Analytical suitability means an assessment of the
evidence-based analytical performance of the assay.
This will include at least the following. Pre-analytical
factors that will affect the test must be well under-
stood before a test can be put into routine clinical
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practice. This will include the collection condi-
tions required, anticoagulant requirements,
pre-analytical sample handling factors and sta-
bility in storage. A marker needs to be measur-
able in the routine clinical laboratory without
the need for special handling conditions if it is to
form part of the routine work-up of the patient.
Tests requiring complex pre-analytical steps are
tolerated by the laboratory, rather than em-
braced. Often there is no alternative; the test is
confined to special circumstances and particu-
lar patient types which are usually rare. A test
in the clinical routine which will be ordered in
large numbers requires simplicity of laboratory
handling. A recent example is the measurement
of soluble CD40 ligand (sCD40l), a marker of
platelet activation. Measurement of sCD40! was
shown to be a powerful predictor of mortality
in patients with unstable angina. In addition,
it was shown to be a predictor of a successful
therapeutic response to the anti-glycoprotein
lIb/Illa antagonist abciximab (1). These studies
were done using serum as matrix. It was subse-
quently found that clotting releases significant
but variable amounts of sCD40I. Studies dem-
onstrated that the release of sCD40Il was criti-
cally affected by sample handling and the assay
utilised for measurement (2).0Only EDTA plasma
could be used and values were significantly
affected by delay in sample processing (3,4).
Finally, it was shown that sCD40l was primar-
ily produced by in vitro platelet activation (5)
and the first use of a commercial assay failed
to confirm the promise of the initial publication
(6). Analytical performance of the test needs to
be also appropriate for clinical use. Bodies such
as the Clinical Laboratory Standards Institute
produce protocols for the routine assessment
of limit of blank, limit of detection and impre-
cision profile. It is also important that these
analytical performance measures are indepen-
dently assessed and that laboratories do not
rely on the manufacturers’ datasheets as the
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sole source of this information. Assay impreci-
sion has a profound influence on the ability to
define the 99 percentile and the value of the
relative change required between two consecu-
tive measurements to be reliably different. It is
an interesting observation that the redefinition
of myocardial infarction (7-9) considers a 10%
imprecision to be adequate at the 99" percen-
tile but also recommended a 20% change in
values. Unfortunately, if the data is modelled
it is apparent that an imprecision rather less
than 10% is required to reliably detect a 20%
change (http://www.westgard.com/troponin-
interpretations.htm). In addition to the ability
to measure the biomarker with precision and
accuracy, the analysis must be simple and have
a rapid turnaround time. Ideally it should be
implemented on existing laboratory equipment
rather than requiring additional apparatus. In
practice this means that a colorimetric or more
likely an immunoassay for the marker is avail-
able. Population aspects of the test need to be
understood in particular the influence of age,
gender, ethnicity and comorbid conditions on
the reference interval need to be considered.
These can be quite subtle. Occult comorbid
conditions profoundly influence the reference
interval for cardiac troponin but can only be un-
masked by the use of rigorous patient selection
including cardiac imaging (10,11). The need for
appropriate patient selection for troponin refer-
ence intervals has been the subject of discus-
sion and recommendations made (12,13).

The plausibility of the biomarker for the puta-
tive clinical role needs also to be established.
The pathobiology of the biomarker needs to
be understood. This means an understanding
of the genesis of the biomarker and of the rela-
tionship of the biomarker to the medical condi-
tion of interest. A good example of this is isch-
aemia modified albumin (IMA). The concept
of a biomarker of ischaemia is very attractive.
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Ischaemia would be detected prior to necrosis
(we have excellent markers for this in the car-
diac troponins) allowing intervention to abort
the pathophysiology before irreversible cardiac
injury occurs. The background concept of IMA
was that the N terminus of albumin was altered
during an ischaemic event resulting in the loss
of the ability to bind transition metals. This was
detectable by loss of the ability to bind cobalt,
which could be determined by a simple colori-
metric reaction (14). Preliminary studies using
angioplasty as a model of human myocardial
ischaemia showed that IMA increased after bal-
loon inflation then returned rapidly to baseline
levels, supporting the role as a biomarker of
ischaemia (15,16). Subsequently, sequencing of
the N terminus of IMA positive albumin showed
that the N-terminal amino acid sequence was
not removed (17). Physicochemical studies sug-
gested that it was the binding of free fatty ac-
ids to albumin that induced a conformational
change that reduced transition metal bind-
ing (18). A lack of fundamental understanding
of the biomarker was therefore apparent and
contributed to the lack of any clinical applica-
tion (19). Plausibility also includes the clinical
plausibility for the putative clinical role. This
means that the biomarker must have appro-
priate sensitivity and specificity to detect the
medical condition of interest in clinically appro-
priate populations where the test will actually

Table 1

be used in routine clinical practice. Many stud-
ies on biomarkers have evaluated them in clini-
cal trial sample banks or alternatively in highly
selected patient groups. This does not consti-
tute an appropriate environment to evaluate
test performance as disease prevalence is in-
appropriately high, often close to 100%. Such
studies allow proof of concept that needs to be
followed up by prospective evaluation in clini-
cally representative populations. Comparison of
a sensitive with a less sensitive troponin assay
clearly shows earlier diagnostic sensitivity (20),
as would be expected. Early studies of the new
high sensitivity assays showed excellent analyti-
cal performance but compared them with the
conventional assays and included patients with
ST segment elevation in the evaluation (21,22),
overstating the diagnostic performance of the
assays.

Treatment effectiveness is the final and most
important strand to assessment. This may be
summed up as the “so what” factor. This is
short for the question that should be asked
by any clinician of a test “so what do | need
to do differently with the result of this test”.
A new biomarker must offer either a signifi-
cant proven diagnostic efficiency or result in a
change in treatment. Ideally it should do both.
The change in treatment may be a decision
to give or withhold drug or other therapeutic

Has this marker been measured with an appropriate method and been shown to be

additive to or replace a contemporary test?
Have there been independent studies?

Has there been a multicentre study?

Is there meta-analysis of evidence?

Has there been an RCT?

Can | measure it in the routine lab without additional equipment and staff?
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intervention or to change the management
pathway such as more prompt hospital dis-
charge or admission to an appropriate level of
clinical care. The questions which should pass
through the laboratory practitioners’ mind are
shown in Table 1 below.

An example of a randomised controlled tri-
al of the diagnostic test is the Randomised
Assessment of Treatment using Panel Assays
of Cardiac markers (RATPAC) (23). This was a
pragmatic randomised controlled trial which
compared two treatment strategies, conven-
tional management with measurement on ad-
mission and at 90 minutes of a panel of cardiac
troponin |, creatine kinase MB and myoglobin
by point of care testing. The outcome measure
was a proportion of patients discharged or a
decision to discharge within four hours of at-
tendance with no adverse events during the
following three months. Randomisation to the
point of care arm of the study was reflected in
increased successful discharge and no change
in the frequency of adverse events. There was
increased use of coronary care in the point of
care arm. One of the most interesting aspects
of this study was the significant differences
between the six different sites with only two
showing very large differences in length of stay
in those randomised to the point of care arm
(24). It highlights the importance of process
within the utilisation of test results. Simple

provision of rapid results will be ineffective un-
less it is accompanied by treatment decision.

IS THIS TEST COST EFFECTIVE?

Cost effectiveness considers the impact on
health care resources utilisation and how we as-
sess it. Cost effectiveness can be considered un-
der four categories as shown in Table 2 below. It
should be noted however that the terminology
is often mixed.

Cost minimisation analysis is the most straight-
forward. It assumes that the consequences of
the two interventions being compared are iden-
tical so the analysis reduces to the comparison
of costs alone. An example would be the diagno-
sis of acute myocardial infarction using cardiac
troponin (cTn) compared to the measurement
of creatine kinase MB isoenzyme (CK-MB). If
the assumption is that CK-MB costs 20 currency
units (CU) and cTn 30 CU then a protocol involv-
ing three hourly CK-MB measurements for 12
hours (total cost 80 CU) will be more expensive
than a protocol measuring cTn on admission
and 12 hours from admission (total cost 60 CU).
In cost effectiveness analysis differences can be
expressed in terms of changes in one main pa-
rameter. The differences in costs are related to
the main differences in events. An example of
this type of analysis is the use of measurement
of B type natriuretic peptide (BNP) in patients
with suspected chronic heart failure. The basic

Type Measurement and valuation of consequences

Cost minimisation analysis

Cost effectiveness analysis

Cost utility analysis

Cost benefit analysis

No measurement. Consequences assumed or shown to
be equivalent.

Natural units (Life years gained)
Health state preference values (quality adjusted life
years gained)

Monetary gains
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premise is that two pathways are compared: di-
rect referral for hospital assessment of patients
with suspected heart failure and referral only
of those with an elevated BNP. A simple analy-
sis compares costs at the pathway level where
the costs of echocardiography on all patients is
compared with the combined cost of BNP mea-
surement followed by echocardiography only in
the those with BNP levels above a certain des-
ignated threshold. This is effectively a cost mini-
misation analysis and shows that the BNP based
pathway is cheaper (25). A more sophisticated
approach utilising a sequential testing strategy
modelled on individual patient data meta-anal-
ysis was performed as part of a health technol-
ogy assessment informing the National Institute
of Clinical and health Excellence (NICE) guide-
lines on BNP testing. This modelling produced
very similar results to the cost minimisation
model. Cost effectiveness was driven by the
prior probability of disease and favoured BNP
measurement as the first test (as in strategy dis-
cussed above) unless the probability of heart
failure was very high (26). Cost utility analysis
typically utilises the quality adjusted life year
(QALY). A QALY takes into account longevity and
quality-of-life. The number of QALYs accrued by
a patient is estimated by multiplying the years
of survival by quality-of-life measured on a scale
from zero (equivalent to death) to 1 (perfect
health). States of health below zero are pos-
sible for a health state considered worse than
death. QALYs have the advantage of allowing
comparison between any healthcare interven-
tion that can influence survival or quality-of-life.
Analysis is based on willingness to pay (cost per
QALY) with a typical threshold of £20,000 in the
UK. An example would be comparison of the
cost effectiveness of measurement of high sen-
sitivity troponin on admission versus conven-
tional troponin management at 10 hours (27).
Such a study shows that high sensitivity tropo-
nin measurement on admission is superior to
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conventional troponin measurement and that
measurement on admission and at three hours
is the most sensitive approach. Measurement
of conventional troponin at 10 hours is only cost
effective if an immediate decision to discharge
is made, highlighting again the importance of
process in the application of laboratory testing.
One problem with cost effectiveness analysis in
diagnostics is that the data is often inadequate
or even non-existent. Modelling approaches are
typically used but the accuracy of the cost mod-
elling is often challenging though mitigated by
sensitivity analysis (changing the model param-
eter and looking at the impact, a large change
suggests that the modelling is not robust). Very
small differences in QALY’s may be present.

A systematic attempt to evaluate the evidence
for diagnostics including laboratory testing is
used by the Diagnostics Assessment Committee
of NICE. They utilise a systematic evidence-based
review followed by cost economic modelling.
The recommendations and their evidence base
can be found on the NICE website (www.nice.
org.uk) and in the publications of the UK health
technology assessment programme. These are
all available online. Examples are the recent
recommendations for the use of faecal calpro-
tectin (www.nice.org.uk/guidance/dgl1) and
the accompanying evidence report (28).

CONCLUSIONS

In conclusion, assessment of test suitability is
a combination of the traditional laboratory at-
tributes of the analytical performance of the
test but combined with other features. The
underlying scientific validity of the test needs
to be understood and the diagnostic utility
demonstrated in appropriate populations, to
show the test is plausible. Finally, the test re-
sult must produce a treatment change. All of
these, Analytical, Plausibility, Treatment will
make a test APT. But an APT test clinically also
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needs to be cost effective. Conversely, unless a
test has been shown to be APT, the probability
of demonstrating cost effectiveness is small.
The challenge for the laboratory is to work to-
gether with clinicians to develop test evalua-
tion strategies that will allow demonstration of
all the attributes to show that the test is both
APT and cost effective.
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ABSTRACT

Clinical practice guidelines (CPGs) relating to labo-
ratory diagnostic testing are increasingly produced
with the aim of standardizing practice and improv-
ing patient care based on the best available evidence.
However, the production of a CPG is merely the first
step in the process of getting evidence into practice,
to be undertaken by laboratories and other stake-
holders. This process should evaluate the informa-
tion provided in the guidelines on laboratory tests,
devise a strategy for implementing the CPG or the
laboratory aspects of the CPG and finally, once im-
plemented, assess the impact of the CPG on clinical
practice, patient outcomes and costs of care.

The purpose of CPG evaluation by the laboratory is to
determine whether sufficient information is provided
on the particular test recommended. CPGs may not
always be written with the involvement of a laborato-
ry specialist and this underlies the paucity of relevant
information in some national guidelines. When labo-
ratory specialists are involved, CPGs can provide prac-
tical information which supports local laboratories as
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well as clinicians in the implementation and ap-
propriate use of recommendations.

Implementation of CPGs is an often neglected
area that needs attention and thought. There
are many barriers to successful implementa-
tion, which may vary at local level. These need
to be identified early if CPGs are to be success-
fully adhered to. The effectiveness of CPGs also
needs to be audited using process and health
outcome indicators. Clinical audit is an effective
tool for assessing adherence to recommenda-
tions and for measuring the impact and success
of the CPG.

INTRODUCTION

Clinical practice guidelines (CPGs) relating to
laboratory diagnostic testing are increasingly
produced with the aim of standardizing prac-
tice and improving patient care, based on the
best available evidence. There are relatively few
guidelines dealing purely with the laboratory
medicine aspects of patient care and the ma-
jority of laboratory related recommendations
are embedded in CPGs. Unfortunately, these
are often inadequately detailed to be useful for
laboratories (1). Therefore laboratory medicine
specialists should be more actively involved in
the production of clinical guidelines to ensure
that advice is given about the appropriate utili-
zation of laboratory tests.

It is important to remember that the produc-
tion of a CPG is merely the first step in a larger
process that needs to be undertaken by labo-
ratories and other stakeholders. The next step
is implementation. This process, firstly, should
evaluate and assess the quality of the guideline
in order to ensure that a sufficient level of in-
formation is provided. Secondly, the process for
guideline implementation needs to be planned
with due consideration given to local barriers
that may prevent guideline adoption. CPG pro-
duction is a lengthy process, but largely futile
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if efforts are not made to ensure adoption, dis-
semination and implementation. Finally once
implemented, the effectiveness of the CPG
needs to be evaluated. This may be through
clinical audit, which is an essential tool to evalu-
ate uptake, impact on practice, patient outcome
and resource utilization.

An understanding of this process is important as
it underpins good laboratory practice and forms
the basis of practicing evidence-based labora-
tory medicine. Below we highlight key aspects
of this three-step process of evaluation, imple-
mentation and audit of CPGs.

HOW SHOULD LABORATORY TEST
ADVICE BE INCLUDED IN CPGs?

Guidelines are typically produced by special-
ist groups, often national or international so-
cieties, frequently involving only single clini-
cal specialties. Whilst the classification of the
hierarchy of evidence is well described, there
appears to be no standardized approach to re-
porting guidelines (see Kahn et al, this issue).
Both these factors hinder the development of
good laboratory based guidance as laboratory
medicine specialists are rarely included in writ-
ing committees and the evidence base for di-
agnostic tests is largely observational with few
randomized trials assessing the impact of the
diagnostic test on clinical pathways. Only ob-
servational evidence supports, for example, the
use of glycated haemoglobin in the diagnosis of
diabetes and that of troponin in acute coronary
syndrome.

There is clearly a need to ensure that good di-
agnostic test guidance is included in CPGs. This
has been achieved for a few disorders that are
managed by a number of different disciplines
and where guidelines have been written by
multidisciplinary teams. Successful examples
of this co-operative approach include work by
the European Atherosclerosis Society (EAS) in
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association with the European Federation of
Clinical Chemistry and Laboratory Medicine
(EFLM) which has resulted in the develop-
ment of two consensus papers (2, 3) and more
recently, a joint Consensus Panel which has
written guidelines for lipid testing in the man-
agement of dyslipidemia and cardiovascular
risk (4). Another example would be the recent
British Thyroid Cancer guidelines, written by a
range of clinicians and laboratory medicine spe-
cialists, and providing detailed information on
the appropriate use of thyroglobulin and cal-
citonin assays (5). There are also inter-society
collaborations whereby a practice guideline
primarily developed by a laboratory medicine
organization is adopted by a clinical society.
For example, the Diabetes Mellitus guideline of
the National Academy of Clinical Biochemistry
(NACB) (6) has been adopted and published as
an officially endorsed recommendation by the
American Diabetes Association (7). Joint devel-
opment and endorsement of CPGs by clinical
and laboratory medicine societies is comple-
mentary and safeguards that the most appro-
priate and relevant advice is provided for the
use and interpretation of laboratory results.

Similar to any other types of guidelines, the ac-
tual guideline development process requires
searching for and critically appraising the current
evidence for diagnostic tests. Guideline panel
members need to meet face-to-face several
times during the process to achieve consensus
on various key issues. Firstly, they need to agree
on the scope and specific key questions to be
addressed in the guideline, including the pre-an-
alytical, analytical, and post-analytical aspects
of testing and related candidate biomarker(s).
Secondly, panel members need to critically re-
view the best available evidence published in
the literature. These may come from analytical
and clinical performance studies, randomized
controlled clinical trials or meta-analyses that
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assess the impact of biomarker-targeted strat-
egies on patient outcomes. Thirdly, members
need to review additional literature and formu-
late recommendations based on the body of ev-
idence and considered judgment of the guide-
line panel. The process of writing guidelines is
expensive and it is essential that all sources of
funding and other conflicts of interest are clear-
ly identified so that these factors are not used
to disparage the value of the guidelines.

HOW CAN THE ADVICE ON LABORATORY
TESTS IN CPGs BE OPTIMISED?

CPGs are usually produced around a clinical sce-
nario in which a laboratory investigation plays
only a small, but often critical part within the
overall management of that situation. When
the CPG writing committee involves no labora-
tory specialist, the appropriate description of
the testing modality and the laboratory issues
surrounding it could easily be omitted. Even
when the utility of a test is thoroughly evaluated
within a clearly defined clinical scenario, there
is a risk that the test may then be employed in
a different clinical scenario for which the diag-
nostic utility has not been tested. It is also im-
portant to consider whether the guideline pro-
vides appropriate methodological information
about the actual test recommended, particu-
larly when a test result or clinical decision limit
is highly dependent on the assay methodology.
The transferability of the evidence from one
scenario to the other therefore, must be criti-
cally assessed. Arguably this should be to a level
of detail above and beyond that required for
the clinical aspect, given the test may be used
for other purposes.

Laboratory-oriented CPGs often provide de-
tailed and appropriate methodological infor-
mation on the laboratory tests outlined; e.g.
NACB guidance on laboratory testing in diabe-
tes and on tumor markers (8, 9). However, more
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commonly, guidelines produced by clinical
groups without laboratory professional input,
often lack sufficient information. For example
in the NICE guidance on chest pain, troponin
elevation is discussed, however there is no
mention of non-ischaemic causes of a raised
troponin, which may be of particular relevance
when considering the patient groups in whom
troponin is commonly requested. Nor is there
any discussion regarding differences between
the analytical and clinical performance of as-
says available on the market (10).

Strategies to improve reporting of analyte-spe-
cific laboratory information include a checklist
of criteria to consider when interpreting labo-
ratory information in CPGs. A comprehensive
list was published in 2012 and suggested 33
pre-analytical, 37 analytical and 10 post-analyt-
ical items that should be addressed in a guide-
line process including laboratory testing (1).
Twelve CPGs covering common diseases and
conditions were evaluated during the develop-
ment of the checklist and the mean percentage
of topics dealt with by the guidelines was 33
%. Information about patient status, biological
and analytical interferences and sample han-
dling were scarce in most guidelines even if the
inclusion of a laboratory medicine specialist in
the guideline production led to increased focus
on some typical laboratory related items (e.g.,
sample type, sample handling and analytical
variation).

The checklist has further been used to evalu-
ate the major international CPGs that give ad-
vice on using troponins for diagnosing acute
coronary syndrome (11). Of the nine CPGs
studied, most of the laboratory related check-
list items were not considered or needed to
be updated. For example, the suggested ana-
lytical quality goals were not applicable for the
high sensitivity troponin assays and important
interferences that may lead to false positive or
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negative diagnoses were not commonly men-
tioned. Recently, another group has appraised
the checklist and proposed additional items
and modifications (12).

The effectiveness of a CPG needs to be evalu-
ated by assessing the potential improvement
in outcome of patients who are managed by
the process described in the guideline. This will
firstly require an assessment of whether the
guidance has been successfully implemented.
Secondly, whether its advice has been adhered
to and thirdly, that some tangible and measur-
able quality indicators have been benchmarked
against other users of the guideline. It should
be recognised that adherence to CPGs is a real
issue to be overcome.

WHAT ARE THE BARRIERS
TO GUIDELINE IMPLEMENTATION?

How should a laboratory implement a guide-
line and what are the barriers to implementa-
tion? There are many reasons why CPGs are
not implemented and this varies with both
the condition under scrutiny and the different
clinical practitioners. Moreover, since a single
CPG can have a number of recommendations,
there will be a variation in the overall compli-
ance with the guidelines. Finally, there may be
an element of self-deception. In the early days
of CPGs, Lomas et al. reported that obstetri-
cians were aware of and agreed with CPG rec-
ommendations in regards to Cesarean sections
but their actual practice did not reflect recom-
mended care (13).

In general, the barriers to implementation
can be classified into three domains — knowl-
edge, attitudes and behavior (14). A study
of Dutch general practitioners explored the
reasons for non-compliance and the key bar-
riers identified were lack of agreement with
the recommendations, environmental factors
and lack of knowledge of the guidance. The
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environmental factors included time pressures,
lack of resources, organizational restraints and
lack of reimbursements (15). We have recently
surveyed laboratory medicine specialists in
England regarding two guidelines, one on dia-
betes and one on chronic kidney disease and
found that only 41% and 12% were compli-
ant, respectively (Barth et al, unpublished data
2015). Since the barriers of using CPGs in prac-
tice can be manifold, it is very important that
guideline panels consider these potential is-
sues before they start the actual development
process.

HOW DO WE KNOW
IF THE GUIDELINE IS EFFECTIVE?

CPGs are written after a distillation of the
clinical evidence available for that condition.
In the ideal case, the evidence will be of high
quality and based on studies examining clini-
cal outcome. However, when there are no
outcome data or the evidence is poor, clini-
cal audit of the guideline becomes a means
of not only evaluating the adherence and
the clinical effectiveness of the CPG, but also
providing primary evidence for effectiveness.
Meanwhile where guidelines are underpinned
by high quality evidence, audit can provide a
useful tool for laboratories to assist with de-
mand management, working practices and to
aid decision support.

Clinical audit is therefore an essential tool and
recommendations for measurable key qual-
ity indicators should be included in all CPGs
in order to aid the process of monitoring and
evaluation of the guidelines’ effectiveness. A
systematic review suggested that evaluation
through audit or other means may improve
the effectiveness of the CPG on outcomes
overall (16). This would indeed make audit
or assessment of guideline effectiveness a
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key part of the success of CPGs in changing
outcomes.

At present, routine clinical audit to evaluate
CPGs following their introduction is not a man-
dated activity. It is unclear who would be re-
sponsible for auditing the diagnostic testing in
a CPG. However, since it is well recognized that
audits that are not supported by the group be-
ing audited have little impact, audits of test
usage should be performed by the clinicians
ordering the tests. Despite this, laboratories
have much to gain by auditing laboratory test
utilization and the clinical and cost-effective-
ness of testing. In fact, laboratory testing can
be used as a surrogate marker of adherence to
clinical guidelines e.g. Hb1Ac in diabetes (17),
and to support laboratory-level decision mak-
ing as outlined above.

National schemes for auditing laboratory
practices are undertaken in the UK through
the activities of the Association for Clinical
Biochemistry. These audits have been used
successfully to evaluate adherence and prac-
tices following CPG introduction (18, 19, 20,
21), however it is not known how many oth-
er countries have similar national audit pro-
grammes. Clinical Pathology Accreditation
(CPA, UK) or other accreditation bodies stipu-
late the requirement of laboratory practices to
be audited regularly (22). Despite the value of
this activity in assessing the uptake and wider
implementation of best laboratory practice,
there is no formal obligation for auditing CPG
compliance at present.

CONCLUSIONS

CPGs are widespread and being increasingly
produced. Other articles in this journal have
focussed on the role of laboratories in synthe-
sizing the evidence-base underpinning guide-
lines and in ensuring the quality of guideline
production. However, the production of a CPG
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is merely the first step of a complex process
that ultimately puts the best available evi-
dence into daily clinical practice. This process,
firstly, involves an evaluation of the laboratory
information contained within the CPG to de-
termine if any relevant information is miss-
ing. Secondly, attempts should be made to
encourage that laboratory professionals are
included in CPG development. Thirdly, strate-
gies need to be developed to enhance com-
pliance with national and international CPGs
and some form of evaluation, through audit or
other means, is developed after the guideline
is published and disseminated. The laborato-
ry should rightly be involved in each of these
steps, if it is to subscribe to evidence-based
best practice.
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The few clinical laboratories that have adopted these
terms in their day-to-day usage is a demonstration
of such an implementation being very difficult.
Thus, an easier alternative (herein called working
terms) to systematic terms can be more acceptable,
in the same way as enzyme nomenclature, which
has systematic names (too long to be convenient
for practical use) and working names (more conve-
nient for practical use). In addition, in the day-to-
day practice of a clinical laboratory (and probably
in other kinds of laboratories), the proposed work-
ing terms have the advantage over the systematic
ones of being more easily translated from English to
other languages.

Starting with the concept (and term) of property,
defined as “that which when possessed by an object
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contributes to it being as it is” (e.g. mass con-
centration is 50 mg/L; colour is yellow) (3), this
concept can be divided into four related con-
cepts (and terms) having different levels of ab-
straction regarding the object involved:

1) Working term for concept: generic property
¢ Concept definition: “property that refers
neither to any system, nor to any compo-
nent” (4,5)
¢ Corresponding systematic term:
kind-of-property
e EXAMPLES: Mass concentration, form.

2) Working term for concept: subgeneric property

¢ Concept definition: “property that does
not refer to a system, but refers to a given
component of a system, although consid-
ered abstractly” (4,5)

¢ Corresponding systematic term: None
proposed

e EXAMPLES: Mass concentration of protein;
form of bacteria.

3) Working term for concept: specific property

¢ Concept definition: “property that refers
to a given system, or to a given system and
some of its components, although consid-
ered abstractly” (4,5)

¢ Corresponding systematic term: dedicated
kind-of-property.

e EXAMPLES: Mass concentration of protein
in blood plasma; form of bacteria in tap
water.
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4) Working term for concept: individual property

¢ Concept definition: “property that refers
to a given system, or to a given system and
some of its components, spatiotemporally
defined” (4,5)

e Corresponding systematic term: None
proposed, but described as an instance of
a dedicated kind-of-property

e EXAMPLES: Mass concentration of protein
in the blood plasma of the patient YZ,
on day D, at time T; form of bacteria in
Barcelona tap water, on day D, at time T.

In all cases, the same applies to quantity, changing
the terms, definitions, and examples accordingly.
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