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Abstract: Harmonisation and risk management policies 
represent key-issues in modern laboratory medicine as 
they focus on a more patient-centred delivery of laboratory 
information based on the recognition of the importance 
of all steps of the total testing process (TTP) for assuring 
quality and patient safety. However, a further essential 
step in project aiming to improve the value of labora-
tory medicine becomes the assessment of the impact of 
testing on patient-important outcomes. The grading of 
recommendations assessment, development and evalua-
tion (GRADE) evidence to decision (EtD) frameworks may 
provide a systematic and transparent approach for trans-
lating the best clinical evidence available into healthcare 
decisions and recommendations. GRADE is a tool appro-
priate not only for evaluating test accuracy but also for 
clinical impact, such as mortality, morbidity, symptoms, 
and quality of life and therefore it should be applied to 
the outcome research in laboratory medicine. The applica-
tion of GRADE requires the recognition that a recommen-
dation about the use of test results should result from a 
balance between the desirable and the undesirable con-
sequences, including non-health related consequences 
such as resource utilisation, feasibility, acceptability, 
equity and other factors. GRADE EtDs, represents a fun-
damental step in projects designed to improve care qual-
ity. Patient-physician-laboratory feedback can be assured 

through the GRADE process, where the team developing 
the recommendations should include the “three-parties” 
representatives; clinicians, laboratorians and patient/
consumers. This ensures that the laboratory-patient inter-
action should not be a one-way process only (information 
from laboratory to patient) but a two-way process, incor-
porating patient expectations and feedback.
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Introduction

Harmonisation

Harmonisation [1–3] and risk management policies [4, 5] 
need to be integrated with the right utilisation of labora-
tory tests that improve patient outcomes. According to 
the Clinical and Laboratory Standards Institute (CLSI) 
definition, harmonisation is “the process of recognising, 
understanding, and explaining differences while taking 
steps to achieve uniformity of results, or at minimum, a 
means of conversion of results such that different groups 
can use the data obtained from assays interchangeably” 
[6]. However, a broader view of harmonisation should take 
into consideration not only “results”, but also all steps 
that affect laboratory information, namely the appropri-
ateness in test request, interpretation and utilisation in the 
diagnostic-therapeutic process. In fact, what counts for the 
right patient management, and that should be, therefore, 
harmonised, is the laboratory information which is signifi-
cantly affected by the quality of the pre- (e.g. appropriate 
request, quality of the biological sample, etc.) and post-
analytical phase (e.g. appropriate reference ranges, inter-
pretative comments, valuable turnaround time, etc.).

There is awareness that the lack of harmonisation 
in test results, names, units, reference intervals, com-
mutability and acceptable degrees of uncertainty are 
not only cause for confusion, but may also be potentially 
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dangerous. The cases of cardiac troponin I and/or T [7] 
and the unit for haemoglobin expression are well-known 
examples of how patient safety could potentially be 
affected [8].

The term “harmonisation” is generally intended to 
guarantee that test results are equivalent, being either 
traceable to a reference material or based on a consensus 
approach in agreement with the mean values obtained 
with different methods [9–11]. The concepts of commut-
ability, uncertainty and reference intervals to harmonise 
laboratory results are well known issues in laboratory 
policy to achieve harmonisation. A growing body of evi-
dence demonstrates that clinical benefits can be achieved 
only by focusing on the total testing process (TTP), and, in 
particular, on the appropriateness of test requesting and 
interpretation. However, if the scope of harmonisation 
goes beyond method and analytical results to consider 
all other aspects of laboratory testing, including strate-
gies for test demand and criteria for result interpretation 
[9, 10], the cooperation at the clinical-laboratory inter-
face becomes essential to guarantee a valuable medical 
decision-making process and effective patient care 
based on outcome evaluation. However, the outcome or 
the improvement of the patients’ health remains a “holy 
grail” as the assessment of the effect of the test on patient 
outcomes is very difficult to perform.

Risk management

The Institute of Medicine (IOM) report, “To err is human” 
considerably amplified the degree of concern around 
adverse events and patient safety in healthcare, includ-
ing errors in laboratory medicine [12]. In this light, new 
approaches to quality and patient safety in the health 
care system emphasise that diagnostic process improve-
ments should be based on assuring desired outcomes 
rather than focusing on the identification of unusual 
errors. The outcome-based approach recently proposed 
by Epner et  al. [13] on testing-related diagnostic errors 
calls for a more effective selection (pre-pre) and interpre-
tation (post-post) of clinically useful biomarkers in order 
to prevent adverse events, failure to diagnose and appro-
priately treat. Patient safety is compromised not only by 
inappropriately requested tests but also by misinterpreta-
tion of the results. Thus, the relevance of harmonisation 
and risk management policies in the laboratory increas-
ingly recognises the need to consider patient outcomes in 
the assessment of tests and test strategies. The use of tests 
should be guided by reliable, evidence-based recommen-
dations incorporating a multi-professional contribution 

and an outcome-based approach [4, 9]. A further driver to 
promote harmonisation and risk management is evalua-
tion of proposed new biomarkers and in general, innova-
tive diagnostic tests that need to improve the framework 
for the evaluation and recommendations models, in order 
to be appropriate and effective in their use.

The challenges

Laboratory tests are currently not perceived as playing a 
primary role in providing added value to medical treat-
ments, as diagnostic tests are often considered a “com-
modity” in health resource [14, 15]. A great challenge in 
laboratory medicine is communicating to users about the 
best biomarker that contributes to the best downstream 
clinical pathway, including management based on test 
results. There is poor quality and limited evidence to 
prove the pivotal role of laboratory testing in value-added 
medicine, however some observational studies and clini-
cal audit projects showed the essential role of testing in 
the global clinical, and patient management processes 
[16, 17]. The key issues are described in Table 1.

The challenge is the focus on patient-important out-
comes and utilising the best clinical evidence related to 
the use of diagnostic tests in the context of harmonisation 
and laboratory risk management policies. The grading of 
recommendations assessment, development and evalu-
ation (GRADE) approach to assess the certainty in evi-
dence (also known as quality of evidence, strength of 
evidence or confidence in estimates) and develop recom-
mendations, thus facilitating decisions in health care, is 
a widely, patient-centred approach [18]. This approach is 
currently utilised by over 90 organisations worldwide and 
has become the standard for providing health care recom-
mendations [19].

Appropriateness of test requests

Inappropriate test demand is defined as “a test request 
that is made outside some form of agreed guidance” [20]. 
The focus on “guidance” reflects the scientific and cultural 
concept of “evidence-based medicine” which emphasises 
that the best available evidence should “guide” health care 
practice. However, to date there is scarce evidence regard-
ing the impact of unnecessary test requests, because most 
dedicated studies do not meet methodological acceptable 
standards due to bias in study design, including the lack 
of consensus for the definition of an “inappropriate test 
request” [21, 22].
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The role of quality improvement projects

To achieve harmonisation in test request and results inter-
pretation and utilisation, laboratory medicine should 
provide advice to physicians in their selection and inter-
pretation. The decisions about test request and interpreta-
tion are however complex and Evidence Based Medicine 
(EBM) may be an effective tool to allow this goal. Table 2 
visually presents the similarities between the outcome-
based approach to testing-related diagnostic errors and 
harmonisation in laboratory medicine: both ideally incor-
porating an outcome evaluation to guide the decision-
making process.

The GRADE approach should increase awareness of 
laboratory professionals in harmonisation projects and 
risk management policies with its focus on patient-impor-
tant outcomes. Appropriate guidelines in influencing 
clinical practice depends on the quality, acceptance and 

implementation and effective communication strategies 
should help to bridge the gap between clinical research 
and currently healthcare practice [23].

Assessing outcomes as a result of laboratory testing

As recently proposed by Barth, “a quality clinical service 
laboratory might be simply described as performing the 
right test on the right person at the right time and inter-
preting that test correctly” [24]. If harmonisation goes 
beyond analytical methods and strategies, and risk man-
agement extends beyond the realms of the laboratory, 
the ultimate goal becomes the assessment of the impact 
of testing on patient-important outcomes. The key ques-
tion therefore is how to evaluate test use and application 
in terms of these outcomes, and how to assess utility and 
effectiveness, with an appropriate methodology, strong 

Table 1: Key issues in an outcome-oriented view of harmonisation and risk management projects in laboratory medicine. 

– In the context of harmonisation and laboratory risk management policies there is the need for evaluating the effects of diagnostic tests as 
patient-important outcomes

– Tests should be considered in terms of their specific use and the resulting downstream clinical actions
– The purpose and key outcomes of a test should be clearly defined in order to develop a completely effective decision making model for 

diagnostic intervention
– The diagnostic test process requires validation and interaction of all the steps in the total testing process to achieve harmonisation
– To provide the best information for decision-making for a clinical question, traditional analytical specifications should guarantee clinical 

diagnostic performance while acknowledging that they are only part in the test value evaluation
– The grading of recommendations assessment, development and evaluation (GRADE) evidence to decision (EtD) frameworks may provide a 

systematic and transparent approach for translating the best clinical evidence available into healthcare decisions and recommendations
– Laboratory-patient/consumer interaction should constitute a two-way process, based on a policy that is actively promoted by laboratory 

professionals and aimed at informing patient/consumer about the required diagnostic test
– Patient/consumer information should be based on outcome evaluations as the core value, and GRADE seems a valid working strategy due 

to its robust scientific and transparent methodological approach

Table 2: Relationships between laboratory harmonisation in the total testing process as proposed by Plebani and Panteghini [9], and the 
outcome-based approach to testing-related diagnostic errors as proposed by Epner et al. [13]. 

Outcome-based approach to testing-related diagnostic errors   Harmonisation in Laboratory Medicine (in the total testing process)

Source: Processes external to the laboratory
 – An inappropriate test is ordered
 – An appropriate test is not ordered
 – An appropriate test result is misapplied

  Initial and/or final steps of the total diagnostic process (outside the 
laboratory)
 – Selection of reference biomarkers
 – Appropriateness in test request
 – Appropriate test interpretation and decision to be acted
 – References population data base

Source: Internal processes (within the laboratory)   Internal processes (within the laboratory)
 – �Accuracy and reproducibility of analytical results (Internal 

quality control and external quality assessment schemes)
   – �Accuracy and reproducibility of analytical results (Internal 

quality control and external quality assessment schemes)
 – �An appropriate test is ordered, but a delay occurs 

somewhere in the total testing process
   – Evaluation of pre-analytical sources and pre- analytical quality

 – The result of an appropriately ordered test is inaccurate    – �Harmonisation of currently available assays and analytical 
control practice
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enough to develop high quality guidance. In the context 
of harmonisation this requires an agreement on the strat-
egies to improve test requests, related analytical per-
formances and the assurance that the interpretation of 
laboratory results is correct and utilised appropriately in 
patient care [25].

The GRADE (the grading of 
recommendations assessment, 
development and evaluation) 
approach
The GRADE working group developed a transparent 
method for grading the quality of research evidence and 
strength of recommendations to guide health care prac-
tice. GRADE is a tool appropriate not only for evaluating 
test accuracy but also on clinical impact, such as mor-
tality, morbidity, symptoms, and quality of life [26, 27]. 
Analytical and diagnostic performances or accuracy 
such as sensitivity, specificity, imprecision, positive pre-
dictive value (PPV) and negative predictive value (NPV) 
are traditionally established measures of test accuracy. 
In addition, although diagnostic testing recommenda-
tions share the fundamental logic of treatment recom-
mendations, they present unique challenges. Sensitivity, 
specificity, PPV, NPV, likelihood ratios, and diagnostic 
odds ratios, all measures of test accuracy, are among 
the challenging terms that diagnostic studies typically 
deliver to clinicians. Not only do clinicians have difficul-
ties remembering the definitions and calculations for 
these terms, these concepts are often complex to apply to 
individual patients. The clinical impact and health care 
outcomes to which these accuracy measures relate and 
which should be the final goal of the process, are more 
complex to measure and evaluate, and are therefore 
often not considered. GRADE places emphasis on relat-
ing these accuracy measures, as surrogates, to patient-
important outcomes [28]. The GRADE methodology has 
been extensively used for grading the quality of evidence 
and strength of recommendations for therapeutic ques-
tions [29], prognosis and is increasingly used in the area 
of medical testing [30–34]. The GRADE framework is 
turning away from simple test accuracy to incorporate 
main health outcomes in the thinking process about best 
use of tests. Direct studies assessing the impact of diag-
nostic tests or strategies on patient important outcomes 
are rarely available. In the absences of such evidence, 
the GRADE process requires, following the development 

of health care questions that address patient important 
outcomes and assessing the confidence in test accuracy 
data, two main steps. The former is the judgments about 
directness concerned in assessing the link between test 
accuracy and important health outcomes, and the latter 
aims on the criteria used in moving from evidence to a 
recommendation or decision for use of diagnostic tests 
in suggested strategies [35].

The application of GRADE requires the recognition 
that a recommendation about the use of test results from a 
balance between the desirable and the undesirable conse-
quences, including non-health related consequences such 
as resource utilisation, feasibility, acceptability, equity 
and other factors [36, 37]. GRADE, in the context of making 
recommendations or decisions about tests, disintegrates 
the steps that are required for a proper evaluation of the 
linked pieces of evidence going from testing to other man-
agement. This evaluation is best achieved in the context 
of multi-disciplinary panels. However, the understand-
ing about diagnostic tests by members of the guideline 
panels and the methodology for developing recommenda-
tions is far from being completely explored [38, 39]. The 
GRADE approach offers structure and transparency in the 
complex process of making evidence-based recommenda-
tions and has developed evidence to decision (EtD) frame-
works to achieve this.

The GRADE evidence to decision (EtD) 
frameworks

In order to assess or model the consequences of a deci-
sion about a test and assess the certainty of the evidence, 
EtD frameworks for tests can be used. The frameworks 
include traditional criteria to assess test accuracy but 
also include assessment of the certainty of the additional 
different types of evidence used to estimate the effects of 
tests on final patient outcomes. A clear clinical question 
and outcomes (crucial to the patient) to be defined from 
the outset, and then a structured systematic review of the 
available evidence is performed. Evidence quality about 
diagnostic test accuracy is then assessed by considering 
eight criteria, five of which criteria are used to downgrade 
the quality of evidence, such as risk of bias, indirectness, 
inconsistency, imprecision, and publication bias. The 
remaining three criteria are used to upgrade evidence 
quality, such as the magnitude of the effect, dose response 
in relation to the effect, and opposing plausible residual 
bias or confounders, the GRADE evidence to decision 
(EtD) frameworks for tests offer a structured approach, as 
shown in Table 3.
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Formulating the question

Formulating a question requires a clear outline of the 
problem, purpose, type and role of a test, alternative 
intervention(s), the main outcomes and the setting. The 
population intervention comparison outcome (PICO) 
format offers a method for the formulation of the question 
about a diagnostic test which specifies patient important 
outcomes, rather than relying on test accuracy only [40].

Making an assessment

The problem
At the basis of the assessment a definition of the magnitude 
and priority of the problem should be established, and this 
depends on perspective, the setting in which the test is/
will be used and the influence on current/future practices. 
In the case of suggested new test introduction, accuracy, 
adverse effects, availability, costs and limitations or sub-
stitution of currently used tests should also be considered.

Test accuracy
Interpretation of test accuracy should be based on a 
summary of findings from systematic reviews. A test 
to enter into an EtD framework evaluation, requires an 
acceptable overall accuracy as a starting point, otherwise 
the assessment should not proceed.

Benefits and harms
Findings, according to desirable and undesirable effects, 
form the basis of the judgments about the benefits and 
harms of using a test. Evidence should stem from up-to-
date systematic reviews and summarised in a table of 

findings [41]. Detailed assumptions and calculations for 
transparency are at the basis of an ideal approach.

Certainty of the evidence

The overall rating of the certainty of the evidence about 
the effects of using a test (and subsequent management 
decisions) on patient-important outcomes should be 
based on the certainty of the evidence, considering the 
weakest link in the chain of evidence used to estimate 
those effects [42]. The GRADE approach for evaluating 
the certainty of the evidence of effects for clinical inter-
ventions is now widely used by guideline developers [43] 
and a detailed description of this approach can be found 
elsewhere [30]. EtD frameworks for tests include five cri-
teria for making judgments and rating the certainty of the 
evidence. As reported in Table 3, the framework assists in 
quantifying the certainty of 1) test accuracy, (2) any critical 
or important direct benefit, adverse effects or burden of 
the test, (3) effects of natural history or the management 
that is guided by the test results, (4) the link between test 
results and management decisions and (5) the evidence 
about the effects of the test.

Values

The perceived value of the main outcomes and the affect 
of the decision, and in the case of tests, this includes test 
burden and the downstream outcomes, is addressed. For 
example, a blood test may substitute more invasive diag-
nostic interventions, such as bowel biopsy for coeliac 
disease diagnosis, prostate biopsy for tumor, or fetal cell 
genotyping through maternal blood sampling instead of 

Table 3: The GRADE evidence to decision (EtD) frameworks for a test structured approach. 

1. Formulating the question
2. Making an assessment
 – The Problem
 – Test accuracy
 – Benefits and harms
3. Certainty of the evidence
 – What is the certainty of the evidence of test accuracy?
 – What is the certainty of the evidence for any critical or important direct benefits, adverse
 – What is the certainty of the evidence of effects of natural history or the management that is guided by the test results?
 – How certain is the link between test results and management decisions?
 – What is the overall certainty of the evidence about the effects of the test?
4. Values
5. Balance between the desirable and undesirable effects
6. Resource use
7. Equity, acceptability and feasibility
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amniocentesis. Declarations of value uncertainty should 
also be included in the assessment framework.

Balance between the desirable and undesirable effects

Desirable and undesirable effects of a test need to be 
judged through either formal or informal modeling, 
which in turn effect the downstream actions from a test 
result interpretation. For instance, in the case of cancer 
biomarkers, further intervention may be evaluated in the 
likelihood of true or false positives, and balanced in terms 
of presumptive outcome.

Resource use

In the case of the selection of the proposed diagnostic 
test, judgments about the magnitude of costs, certainty of 
evidence of resource requirements and the cost-effective-
ness of interventions should include the evaluation of the 
impact both within the laboratory and the downstream 
consequence. Usually the cost of performing a test is very 
low, but the impact of downstream action can be great, 
such as when a test correctly identifies the state of a patient 
(true positive or negative), reducing unnecessary hospital-
isation, hospital stay, further diagnostic procedures and 
assisting in a timely and correct therapeutic response. 
Whereas, the cost of an ineffective test (false positive or 
negative) has a large impact on the downstream resource 
use, the great challenge is to identify the total health care 
cost and not only the direct cost of the test itself.

Equity, acceptability and feasibility

For tests, assessments of equity, acceptability and feasi-
bility include consideration of both the test and linked 
interventions in the context of the health system and 
stakeholders. The use of specific tests in different profes-
sional settings for the same clinical presentation, con-
cerns equity of access to clinical care. For example in the 
same regional health care setting, the utilisation of a spe-
cific test may vary from one hospital to another.

A potential direct patient and 
laboratorian’s brain loop link

The harmonisation of policies for test request, interpreta-
tion an appropriate utilisation, derived from data based on 

clinical outcomes and, where possible, supported by EBM, 
through a process such as GRADE, in particular through 
GRADE EtDs, represents a fundamental step in projects 
designed to improve care quality. Patient-physician-
laboratory feedback can be assured through the GRADE 
process, where the team developing the recommenda-
tions should include the “three-parties” representatives; 
clinicians, laboratorians and patient/consumers. This 
ensures that the laboratory-patient interaction should not 
be a one-way process only (information from laboratory 
to patient) but a two-way process, incorporating patient 
expectations and feedback. Assessing the most effective 
methods consumer involvement in future recommen-
dations for promoting a clinical diagnostic process ori-
ented to the best and most effective test request therefore 
becomes essential.

Economic drivers of direct laboratory access may over-
look important issues concerning appropriateness, ana-
lytical reliability, and effectiveness on improving clinical 
outcomes. This issue is particularly important in genomics 
and pharmacogenomics, where misleading and/or coun-
terproductive information, could influence consumers in 
their complex medical decision making process without 
appropriate clinical information, raising concerns about 
the risks of inappropriate actions following the direct 
diagnostic test results communication to patients. The 
Royal College of Pathologists released an explicit docu-
ment stating that several laboratory test results require 
“professional interpretation rather than measurement, 
and the laboratory interpretation may need to be modified 
by the clinician who knows the patient’s specific situa-
tion, or even at a multidisciplinary team meeting” [44]. As 
the GRADE approach is now recognised and internation-
ally used [28, 45, 46] to develop ways to present concise 
summaries of the findings of systematic reviews at the 
basis for recommendations or decisions about diagnos-
tic tests and health outcomes [19, 47], GRADE has also 
addressed the presentation of recommendations to health 
professionals, policymakers, and patients/consumers. 
The Developing and Evaluating Communication Strate-
gies to Support Informed Decisions and Practice Based on 
Evidence (DECIDE) project by the GRADE working group 
and partners [48, 49] has explored methods of effectively 
communicating evidence-based diagnostic test recom-
mendations targeted individually to the key stakeholders 
and patients, ensuring access to concise, accurate evi-
dence summaries to inform and assist in decision making.

In this light, laboratory societies in association with 
governmental institutions, through an approach such 
as GRADE, should be able to promote active policies of 
directly targeting patients with harmonised information 
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to optimise health prevention strategies and the utility 
of appropriate tests for target populations. The active 
contact should promote the concept that “patient 
empowerment” can be achieved through the correct test 
request with the assistance of a medical practitioner, 
and discouraging direct and inappropriate use of diag-
nostic test requests. Lab Test Online [50] should be a 
good example of a direct information policy designed for 
patients, where the content is guaranteed and harmo-
nised by the leading national/international laboratory 
societies, worldwide.

Further crucial issues involve the quality of test 
results from non-accredited laboratories and inappropri-
ate testing in an inappropriate population. The Prostate-
specific antigen (PSA) test is a paradigmatic example of 
the concerns regarding inappropriate and possibly low 
quality testing, currently available in local pharmacies, 
and the increasing risk of false positives. A global picture 
of the testing process should be consider correct interpre-
tation and clinical utilisation of laboratory data, includ-
ing analytical standardisation with appropriate revision 
of reference values and decision limits. The PSA is a rep-
resentative example of a diagnostic test that requires high 
quality in terms of both analytical performances, and an 
informed patient regarding the right request, interpreta-
tion and further correct actions to avoid inappropriate 
decisions and treatments. In this setting the theory of ana-
lytical standardisation introducing the term “reference” 
to replace the ambiguous, arbitrary and even misleading 
definition of “normal”, is hard for the patients to inter-
pret. However if analytical standardisation is not followed 
by the revision of reference values and decision limits, for 
a correct interpretation and clinical utilisation of labora-
tory data, patients’ outcomes could be worsened, as dem-
onstrated in three effective examples: serum creatinine 
and glomerular filtration rate equations, the prostate-spe-
cific antigen recalibration and the glycated haemoglobin 
standardisation [10, 11].

Analytical specification should guarantee the right 
clinical diagnostic performances in response to the clini-
cal question to give the right information. Health outcome 
should be the ultimate goal and when possible, all the 
diagnostic steps in the harmonisation and risk manage-
ment process evaluated in terms of effectiveness.

Conclusions

The need for patient outcome evaluation is a key issue in 
the development of harmonisation and risk management 
policies in Laboratory Medicine to achieve an effective 

Clinical Governance [51]. Behind the traditional analytical 
specifications able to guarantee the required diagnostic 
performance in response to the clinical question, the out-
comes of a test should be clearly defined and evaluated. 
GRADE is a methodology suitable to develop an effective 
decision-making model, the laboratory test should be fully 
considered in light of the resulting downstream clinical 
actions [4, 9, 52]. However, this is a difficult process and 
health outcome should be the ultimate goal. GRADE Evi-
dence to Decision (EtD) frameworks provide a systematic 
and transparent approach for translating the best clinical 
evidence available into healthcare decisions and recom-
mendations, as the frameworks are providing an approach 
to take into account all test effects and consequences on 
what matters to those mostly affected, the patients.
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