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BACKGROUND: Systematic evidence of the contribution
made by laboratory medicine to patient outcomes and
the overall process of healthcare is difficult to find. An
understanding of the value of laboratory medicine, how it
can be determined, and the various factors that influence
it is vital to ensuring that the service is provided and used
optimally.

CONTENT: This review summarizes existing evidence
supporting the impact of laboratory medicine in health-
care and indicates the gaps in our understanding. It also
identifies deficiencies in current utilization, suggests po-
tential solutions, and offers a vision of a future in which
laboratory medicine is used optimally to support patient
care.

SUMMARY: To maximize the value of laboratory medi-
cine, work is required in 5 areas: (2) improved utilization
of existing and new tests; (b) definition of new roles for
laboratory professionals that are focused on optimizing
patient outcomes by adding value at all points of the
diagnostic brain-to-brain cycle; (¢) development of stan-
dardized protocols for prospective patient-centered stud-
ies of biomarker clinical effectiveness or extraanalytical
process effectiveness; (4) benchmarking of existing and
new tests in specified situations with commonly accepted
measures of effectiveness; () agreed definition and vali-
dation of effectiveness measures and use of checklists for
articles submitted for publication. Progress in these areas
is essential if we are to demonstrate and enhance the value
of laboratory medicine and prevent valuable information
being lost in meaningless data. This requires effective
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collaboration with clinicians, and a determination to ac-
cept patient outcome and patient experience as the pri-
mary measure of laboratory effectiveness.
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Clinical laboratories provide valuable services to aid pa-
tient diagnosis and management, but systematic evidence
of laboratory medicine’s specific contribution to the
overall process of healthcare is difficult to find. An un-
derstanding of the value of laboratory medicine and the
various factors that influence it is of paramount impor-
tance to ensuring that the service is provided and used
optimally to improve patient care and that resources
(technological, financial, and human) are not wasted, in-
appropriately deployed, or unwisely constrained.

Many articles seeking to promote the value of labo-
ratory medicine have made use of what has become
known as the “70% claim.” This is presented in various
forms, most commonly that “Laboratory medicine influ-
ences 70% of clinical decisions” or minor variations
around this figure. Regrettably, this estimate was based
on unpublished studies and anecdotal observations and
cannot now be objectively verified (7). Furthermore, a
single “headline number,” however accurate, is unhelpful
for a detailed understanding of the contribution of labo-
ratory medicine to quality healthcare.

More specific and evidence-based indices of the in-
cremental value of laboratory medicine are needed,
which require better understanding of the mechanisms
by which value is added (or reduced) along with well-
designed clinical studies. The IFCC Task Force on the
Impact of Laboratory Medicine on Clinical Management
and Outcomes was established in 2012 to evaluate the
available evidence supporting the impact of laboratory
medicine in healthcare, and to develop the study design
for new retrospective and prospective studies capable of
generating evidence of the contribution made by labora-
tory medicine. This review will summarize existing evi-
dence and indicate the gaps in our understanding. It will
also identify deficiencies in current utilization, suggest
potential solutions, and offer a vision of a future state
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Fig. 1. Uses of diagnostic tests in the patient pathway.

in which laboratory medicine is used optimally to sup-
port patient care, enhance patient safety, and improve
outcomes.

Definition and Purpose of Laboratory
Medicine

Laboratory medicine may be defined (Mosby’s Medical
Dictionary) as “the branch of medicine in which samples
of tissue, fluid, or other body substance are examined
outside of the person,” either in a laboratory or at the
point of care (near-patient testing). It encompasses the
traditional disciplines of clinical chemistry, toxicology,
hematology, immunology, microbiology (including se-
rology and virology), anatomical pathology, cytology,
molecular pathology, and cytogenetics. The global in
vitro diagnostics market was valued at $49.2 billion in
2012, projected to grow at a rate of 7% from 2012-2017
(2). This probably corresponds to 1015 billion tests per
year worldwide (authors” estimate).

Laboratory medicine supports the interaction be-
tween patients and physicians by providing relevant data,
increasing the likelihood of making the most appropriate
decisions for the optimum care of the individual.
Gambino (3) and Lundberg (4) defined the interaction
in terms of the total testing process (TTP)!! or “brain-
to-brain loop.”

The Value of Laboratory Medicine

Isolating the value of the testing process from the overall
process of patient management is complicated. Value can
be defined clinically or economically. Clinical value is
linked to the improvement of health-related outcomes,
whereas economic value is tied to cost-efficiency or
-effectiveness (5 ). The former is not specific to individual
countries or healthcare systems, except insofar as it de-
pends on the spectrum of patients presenting to those
systems. The latter will depend on the specific setting in

1 Nonstandard abbreviations: TTP, total testing process; POCT, point-of-care testing; ICER,
incremental cost-effectiveness ratio; QALY, quality-adjusted life year; Hb A, hemoglo-
bin A;; ICHCLR, Interational Consortium for Harmonization of Clinical Laboratory Re-
sults; RCT, randomized controlled trial; PSA, prostate-specific antigen.
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which the testing process is to be deployed and the range
and cost of diagnostic tools available. Economic analyses
of value are thus difficult to transfer between settings. We
will focus on clinical value in its broadest sense, because
there is no such thing as cost-effectiveness for a clinically
ineffective process.

We propose an approach to measuring value in
which the net value of a testing process is defined as
delivered benefits minus delivered harm (undesirable ef-
fects of testing). In this model, net value is maximized by
increasing the benefits or reducing harm.

The benefits derive from the provision of objective
data about patient health that enable screening of popu-
lations for detection of asymptomatic disease, stratifica-
tion of risk, specific diagnosis of a patient’s condition,
selection and monitoring of appropriate therapy, predic-
tion and early detection of adverse treatment outcomes,
and assessment of prognosis (Fig. 1).

Existing Evidence of Value

It is outside the scope of this paper to offer a comprehen-
sive review of all studies which address the value of labo-
ratory medicine. Instead, we present examples that dem-
onstrate benefit (Table 1). Further evidence can be found
in a US national status report (13).

POINT-OF-CARE TESTING

Point-of-care testing (POCT) is a specialized situation with
unique attributes. “The close proximity of the patient, a
clinical provider with a question, and the technology to rap-
idly answer that question” leads to quicker decisions and
actions compared to centralized testing (74). This has been
demonstrated with varied conditions, symptoms, and set-
tings (15—18). These unique benefits are accompanied by
unique concerns which are discussed later.

COST-EFFECTIVENESS

Although cost-effectiveness is not a primary focus of this
review, a brief discussion of this topic is relevant. The
cost-effectiveness of laboratory testing has been studied
in various settings [reviewed by Hernandez et al. (19 ) and
Fang et al. (20)].
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Table 1. Examples of existing evidence of the value of laboratory testing.

Purpose of
testing

Screening

Risk
stratification

Diagnosis

Treatment
selection:

Monitoring of
treatment
response

Value of testing

Prenatal and neonatal screening has well-proven
clinical value and cost-effectiveness compared
to the cost of caring for an individual who may
require lifelong support [Lewin Group (6)].

Screening for cancer in appropriately targeted
populations has proven effectiveness in
reducing morbidity and mortality.

Laboratory testing is integral to risk assessment
of future complications and the need for
therapeutic intervention.

Laboratory medicine is central to the diagnostic
process for a wide range of conditions. In the
emergency room setting, laboratory testing is
requested in more than 41% of all visits [CDC
(8)1

Many diseases are defined by the results of
laboratory tests or cannot be definitively
diagnosed without them.

Laboratory tests provide early warning of
developing disease, allowing rapid
intervention.

The growing significance of laboratory testing
may also reflect physicians’ increasing reliance
on objective data.

Laboratory medicine is being used to subtype
disease populations, with important
implications for treatment. Many specific
cancer therapies have “companion
diagnostics.” These tests provide information
on an individual’s suitability to receive a
particular treatment or dose, and the
likelihood of response.

Effective antibiotic therapy is heavily dependent
on culture and sensitivity testing.

More widely, therapeutics is being transformed
by pharmacogenetics, allowing improved
selection of effective drugs and their dosage,
and avoidance of predictable drug
interactions [Urban and Goldstein (710)], an
excellent example of the clinical and
economic value of laboratory testing.

Ongoing measurement of a test or tests with a
view to evaluating a particular intervention,
enabling continuous optimization of
management depending on the results.

Examples

Down syndrome, hypothyroidism,
phenylketonuria, medium-chain acyl-CoA
dehydrogenase deficiency.

Fecal occult blood in bowel cancer [Mandel
etal.(7)], PAP smears.

Cardiovascular disease (lipids, troponins),
heart failure (B-type natriuretic peptide),
diabetes (Hb A,.), and bone disease
(hydroxylated vitamin D).

Evaluation of unexplained coma, chest pain,
abdominal pain, shortness of breath.

Diabetes mellitus, lipid disorders, all cancers,
most endocrine disorders, infectious
diseases, thrombotic disorders, and the
majority of inherited diseases.

Creatinine in acute kidney injury [Kellum and
Lameire (9)], C-reactive protein and
procalcitonin in infection/sepsis.

Serum creatinine or estimated glomerular
filtration rate for renally excreted drugs,
red cell thiopurine methyltransferase in
azathioprine therapy, KRAS (Kirsten rat
sarcoma viral oncogene homolog) gene
mutation detection for anti-epidermal
growth factor receptor therapy.

Hb A, in diabetes, thyroid-stimulating
hormone in hypothyroidism, measurement
of drug concentrations such as antibiotics,
anticonvulsants, and immunosuppressives,
international normalized ratio testing,
evaluation of HIV viral load.

Continued on page 592

Fang et al. (20) reviewed the Tufts Medical Center
Cost-Effectiveness Analysis registry for studies involving
laboratory diagnostics. A total of 141 cost-utility studies

up to 2008 were included, containing 433 separate incre-
mental cost-effectiveness ratios (ICERs). The ICER is

defined by: (C1 — C2)/(E1 — E2), for which C1 and E1
are the cost and effect in the intervention or treatment
group and C2 and E2 are the cost and effect in the control
group. Information about test accuracy was clearly re-
ported for 63% of the studies, but test safety or risk of
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Table 1. Examples of existing evidence of the value of laboratory testing. (Continued from page 591)

Purpose of
testing

Value of testing

Laboratory data underpins the practice of
evidence-based medicine and the
development of clinical practice guidelines for
the management of many conditions; 23% of
the quality indicators assessed in the RAND
Corporation’s analysis of the quality of care
delivered to US adults involve laboratory tests
[McGlynn etal. (11)]. Out of 1230 evidence-
based clinical practice guidelines for the 23
main condition/disease guidelines defined by
the National Guidelines Clearinghouse, 37%
focused on or involved laboratory tests [Lewin

Examples

Cardiovascular disease: All 2012 guidelines
for the European Society of Cardiology
(ESC) were examined by the present
authors to determine the role of laboratory
testing. Of 34 cardiovascular clinical
guidelines published on the ESC website
(http://www.escardio.org/guidelines-
surveys/esc-guidelines/Pages/GuidelinesList.
aspx) in December 2012, laboratory tests
were integrally related to diagnosing
disease in 17, and to monitoring and
follow-up in 25. In 14 guidelines,

Group (12)].

laboratory tests were required for both
diagnosis and management. Only 5
guidelines made no specific
recommendations about involvement of
laboratory testing in the decision-making
process.

testing were mentioned for only 10%, and the potential
value or harm of testing unrelated to treatment options
was considered in only 7% of studies. Fourteen percent
of the individual ICERs were cost-saving gains at less
cost—the classic “win-win” situation. Gains are ex-
pressed in terms of quality-adjusted life years (QALYs),
for which years of life gained by an intervention are mul-
tiplied by a utility value associated with the quality of a
given state of health (1 year in perfect health = 1 QALY).
A further 43% had cost-utility estimates below the com-
monly accepted threshold of $50 000 per QALY gained.
The review made recommendations for standardization
of cost-utility methodology and concluded that the
literature reveals many areas in which testing repre-
sents good value for money in terms of QALY gained.
However, it did not consider the costs of delayed or
wrong diagnosis as a result of not performing the appro-
priate test—information that would have produced even
more positive findings. Most importantly, it is these
downstream impacts that swamp the benefits of reduced
laboratory expenses because all of laboratory testing is
typically only 3%—5% of national healthcare costs (21).

Potential Mechanisms for Harm

Despite the many benefits, it must also be recognized that
inappropriate use of laboratory testing or test results can
result in poorer patient care. Sources of harm include
inappropriate medical interventions driven by misdiag-
nosis, unnecessary treatment, or additional diagnostic
procedures following detection of a “disease” which turns
out to be clinically insignificant, or failure to receive ap-
propriate treatment associated with a correct diagnosis
(22, 23).
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Astion et al. (24) were among the first to recognize
that errors in the testing process can harm patients and
reduce the effectiveness of laboratory medicine. They de-
veloped a classification system to prioritize quality im-
provement initiatives and improve effectiveness. More
recently, Epner etal. (23) have described 5 ways in which
the testing process can lead to diagnostic error, all of
which can impact an individual patient’s care and reduce
the real-world effectiveness of testing programs (Table 2).
If overall patient harm, rather than diagnostic error
alone, is considered, a sixth cause could be added, to
cover situations in which the testing process itself causes
harm to patients (14).

Although effort is still needed in the area of inaccu-
rate results (cause 5), it is now by far the least frequent
cause of error (25 ). Reducing diagnostic errors associated
with causes 1-4 should now be the primary focus of a

Table 2. Classification of causes of diagnostic error related
to testing.?

1. An inappropriate test is ordered.
2. An appropriate test is not ordered.

3. An appropriate test result is misinterpreted or
misapplied.

4. An appropriate test is ordered, but is delayed or
misrouted within the testing process and is not
available where it is needed at the time it is needed.

5. The result of an appropriately ordered test is
inaccurate.

2 Reproduced from Epner etal. (23).
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patient-centered approach to improving laboratory test-
ing (26) and will be considered in detail below.

Earlier we mentioned the specialized case of POCT
and described the benefit of faster decision-making.
However, the 5 causes of potential harm are also present
in this situation but manifest themselves differently and
with different frequency and potential for harm. Unfa-
vorable technical performance, lower levels of training of
testing personnel, different QC protocols, and less time
and opportunity for error detection associated with the
faster decisions all demand a new approach to consider-

ing the value of POCT (14).
Current State of Laboratory Medicine

The emphasis of laboratory medicine research over the
last 30 years or so has been focused on improving perfor-
mance within the laboratory. In response to the obvious
harm caused by poor agreement of results between labo-
ratories, much progress has been made on the standard-
ization and harmonization of methods and results [e.g.,
lipids, hemoglobin A;. (Hb A,)), testosterone, creati-
nine] (27). The International Consortium for Harmoni-
zation of Clinical Laboratory Results (ICHCLR) (www.
harmonization.net) has been formed to prioritize and
organize global activities to achieve harmonization of test
results, and there have been initiatives on the standard-
ization of reference intervals to ensure consistency of in-
terpretation and on process optimization within the lab-
oratory. This work is in part driven by the data from
proficiency testing or external quality assurance. Im-
provements in internal QC have helped improve the ef-
ficiency of laboratory internal processes, and platform
consolidation and more extensive automation have im-
proved cost efficiency. In addition, laboratories have de-
voted considerable efforts to improving the physician—
laboratory interface, with computerized physician order
entry systems that, in some cases, provide context-
specific help on appropriate test requesting. There has
also been more emphasis on consistency in result report-
ing, including when and how critical results are notified
to the requesting clinician (28 ). These changes have been
driven by the current healthcare macroenvironment, spe-
cifically the need to control healthcare costs, enhance
patient safety, and deliver greater transparency.

Outcome Studies in Laboratory Medicine

Although all this work has been extremely valuable and
has improved laboratory efficiency, it has not often ad-
dressed the question of clinical effectiveness—the question
of whether testing improves patient outcome. Outcomes
have been defined as results of medical interventions in
terms of health or cost (29). The primary outcome measures
of any healthcare system were set out in the Institute of

Medicine’s 2001 report “Crossing the Quality Chasm”
(30)—STEEEP (safety, timeliness, effectiveness, equity, ef-
ficiency and patient-centeredness).

Outcome studies must be distinguished from studies
of the clinical validity or prognostic accuracy of tests.
Prognostic accuracy studies ask the question “is the result
of the test associated with an outcome of interest?”
whereas outcome studies ask whether the use of the test is
associated with improved outcomes—do patients who
have the test fare better than patients who do not? The
mere fact of having the test result available does not make
any contribution to the health or wellbeing of the indi-
vidual patient. For the test to confer benefit, someone
(clinician, other health professional, or patient) must do
something useful or effective on the basis of the result.
The value of laboratory medicine must always be consid-
ered in the context of defined care pathways. A new test
or biomarker may show diagnostic value when consid-
ered by itself, but fail to add significant value when con-
sidered in the context of the overall diagnostic workup for
the patient. These situations can occur when different
tests measure the same underlying pathological process,
thus providing similar diagnostic information (31) (e.g.,
heart-type fatty-acid binding protein in early detection of
myocardial infarction).

Improved outcomes may be seen in terms of faster or
more accurate diagnosis, improved treatment selection,
avoidance of misdiagnosis or adverse treatment conse-
quence, improved patient flow, and improved patient
satisfaction or quality of life (32). Although studies nor-
mally concentrate on the effects of testing strategies on
clinical decision-making and downstream management,
Bossuyt and McCaffrey (33) have provided a useful sum-
mary of other patient outcomes such as cognitive, emo-
tional, social, and behavioral effects, and Lee et al. (34)
have shown how the value of a diagnostic test can be
analyzed as medical, planning (the effect on patients’
ability to make better decisions), and psychic (how the
information from the test affects the patient’s sense of
self).

True outcome studies are difficult to do. This is
because the measured outcomes may be many steps be-
yond the performance of the test and affected by many
other intermediate variables. For example, the clinician
may be inconsistent in his/her use of the decision thresh-
old, or there may be no effective therapy for the condi-
tion. The success of outcomes studies typically requires
standardized and agreed responses to the test results, to
preserve the link with the desired outcome. Even then,
the effectiveness of the intervention initiated by a partic-
ular test result may vary across patient populations, re-
ducing the effectiveness of the linkage. Other problems
that have affected previous population-based outcomes
studies of laboratory testing have included lack of stan-
dardization of data collection and reporting methods,
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lack of agreement on appropriate data analysis, small
sample sizes, missing or incomplete data in patients’
medical records, and the high cost of collecting outcomes
data.

What Needs to Be Done?

We need studies which can form a proper assessment of
the impact of laboratory testing on patient outcome and
will lead to improved outcomes with optimum utiliza-
tion of the personnel, processes, and technology in-
volved. The 2009 Lewin Group report on the value of
laboratory tests (7) notes that, to improve outcomes, a
laboratory test must be appropriately ordered and con-
ducted and the results must be returned and retrieved on
a timely basis and correctly interpreted and must affect a
decision for further diagnosis and treatment that directly
improves outcome.

There are 2 fundamental issues here. To clearly
demonstrate the link between a particular testing strat-
egy and a defined outcome, first the test needs to be
used appropriately—requested on the right patient pop-
ulation at the right stage in the process, analyzed
promptly, the result returned to the right place, and the
appropriate action taken within the optimum time
frame. Second, the study design used to measure the link
between testing and outcome needs to be rigorously de-
fined and properly implemented. In addition, allowance
must be made for the Hawthorne effect—good practice
may not persist when not enforced by the study context,
and subsequent audit is essential.

ENSURING APPROPRIATE UTILIZATION
We consider the ensuring of appropriate test utilization
in terms of the 5-cause model described above (Table 2).

Causes 1-3 relate to appropriate ordering and inter-
pretation of testing. The improvement of test ordering
patterns must be directed to better patient care and de-
signed to produce a more effective diagnostic process.
Test utilization initiatives that are driven solely by finan-
cial rather than patient care considerations usually are
either ineffective or produce short-lived financial gains.
Obviously, payers do not want to fund irrelevant, waste-
ful, or redundant testing, but they must recognize that
testing plays a key role in supporting rapid and effective
diagnosis and treatment. The focus must be on cost per
specific outcome, rather than cost per test.

Hickner et al. have recently described the challenges
faced by primary care physicians in ordering and inter-
preting laboratory tests (35). Appropriate ordering de-
pends on effective clinician education and support, and
the laboratory has a key role in designing physician—
laboratory interface procedures [whether they be CPOE
(computerized physician order entry) or manual request
forms] that make it easy to order the right tests in a
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defined situation and more difficult to request inappro-
priate ones (36). Solutions may include devising stan-
dard protocols for specific presentations, and problem-
based ordering, in which the clinician indicates the
problem or question to be answered and the laboratory
defines the test strategy on the basis of clinical findings
and the results of first-line tests and provides interpreta-
tion of the results (37, 38). Appropriate use of laboratory
testing is critically dependent on the pretest probability
of disease in a given situation—pretest disease probabilities
that are very high or very low are both likely to result in
poor utilization of testing.

Tackling underutilization (cause 2) is as important
as reducing overutilization in improving outcomes. A
recent 15-year metaanalysis of inappropriate laboratory
testing concluded that underutilization is widespread but
understudied (39). In this analysis, the overall mean rate
of overutilization of laboratory testing across 42 studies
was 20.6% (95% CI, 16.2%—-24.9%), whereas the over-
all mean rate of underutilization of testing was more than
twice as high (44.8%; 95% ClI, 33.8%-55.8%). An em-
phasis on ordering the “right test” for a particular clinical
presentation leads to confirmation of “obvious” diagno-
ses. But in primary diagnosis the important issue is not to
confirm the obvious, but rather not to miss the unex-
pected (40). An analysis of US malpractice claims (47)
showed that in 55% of malpractice claims relating to a
missed diagnosis, failure to order the correct diagnostic
test was a factor in the outcome.

Misinterpretation or misapplication of results (cause
3) can also result from a failure to understand the limita-
tions of the test (sensitivity, specificity, effect of interfer-
ing substances) or the lack of essential information
needed to interpret the result in the appropriate clinical
context. As Black described in 1998 in the context of
radiology, the ability to detect smaller abnormalities
axiomatically tends to increase the prevalence of any
given disease (42 ). More sensitive diagnostic tests clearly
allow the detection of less severe forms of diseases or
disorders, which is not in itself a bad thing but does
require serious thought about when to use diagnostic
labels and therapeutic approaches traditionally deployed
against more serious presentations of disease (23, 43).
For example, the prostate-specific antigen (PSA) test may
result in diagnosis of indolent prostate cancer which will
have few or no clinical consequences during the patient’s
lifetime. The uncertainty about the aggressive nature of
individual prostate cancers has led to overtreatment and
considerable harm when providers choose treatment in-
terventions for all patients with a positive PSA test.
This is not an argument against the value of laboratory
testing per se, but emphasizes the importance of ap-
propriate utilization.

Laboratory professionals naturally wish to provide
the most accurate and sensitive tests that the technology
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allows, but they must also accept the obligation to partner
with clinicians to determine the relevance of the results
obtained with regard to diagnostic, treatment, or moni-
toring decisions. This involves meaningful communica-
tion of factors such as predictive value and the signifi-
cance of changes in results. The benefits and associated
problems of increasing the sensitivity of troponin assays
are a case in point (44).

Appropriate interpretation can be aided by quality
interventions such as the cholesterol standardization pro-
gram in the US (45). By targeting treatment more effec-
tively, improvement in lipid standardization has contrib-
uted to the marked reduction in heart disease deaths seen
since 1980. Using very conservative assumptions (that
only 0.5% of the cholesterol-related improvement in
mortality is attributable to the standardization program
and assigning a value of $50000 per life-year saved), the
authors estimated the total cost benefit of lipid standard-
ization at $338 million, vastly greater than the program
cost ($2.7 million in 2007). With less-conservative as-
sumptions, the cost benefit runs into billions of dollars,
although the cause-and-effect relationship cannot be un-
equivocally established.

The World Alliance for Patient Safety (46) has iden-
tified poor test follow-up (cause 4) as one of the major
processes contributing to unsafe patient care, and the
safety implications of missed test results for hospitalized
patients have been reviewed by Callen et al. (47). Al-
though the number of research studies is limited and
variations in study methodology prevented robust com-
parisons, there is strong evidence that the problems
caused by missed test results are considerable, including
missed cancer diagnoses and missed Chlamydia infection
leading to pelvic inflammatory disease and avoidable pa-
tient deaths (47). In 1 typical study, 29% of urgent bio-
chemistry results requested over a 6-month period were
never accessed electronically (48).

Appropriate communication of critical results to the
right person at the right time—and avoidance of “alert
fatigue” caused by inappropriate communication of ab-
normal but not critical results— has also been shown to
have an high impact on patient outcome (49). Kost and
Hale (28) have reviewed global practice in notification of
critical results and recommended improved standardiza-
tion of reporting in this area.

The problem of inaccurate results (cause 5) has re-
ceived much attention within laboratories over the last 40
years, and in general the analytical specificities and limi-
tations of tests are well understood—at least by labora-
tory professionals, though not always by the users of test
results. Action is being taken to rectify the remaining
issues through the ICHCLR, as mentioned above. How-
ever, insufficient attention has been paid to other aspects
of the TTP, notably preanalytical factors which may have
a profound effect on the accuracy of test results. Com-

mon examples are the incidence of hemolysis (in samples
from outlying locations or due to collection practices in
the emergency department) and contamination of blood
cultures. The effects of these factors can have major im-
plications for patients, including inappropriate admis-
sion to the hospital (50) or delayed care due to the need
to repeat the test. Improving the efficiency of pre- and
postanalytical processes is part of the discipline of labo-
ratory medicine and cannot be left to clinical profession-
als. It requires close collaboration between laboratory
professionals and service users.

DESIGNING BETTER EVALUATIONS

As stated above, the evidence for the clinical udility of
diagnostic tests in the peer-reviewed literature has been
poor, with the majority of reports dealing with the ana-
lytical or technical performance of tests and their associ-
ation with disease states. There has been little emphasis
on validated measures which link testing with patient or
population outcomes. Assessment of laboratory tests has
focused on reporting diagnostic accuracy in terms of sen-
sitivity and specificity with respect to the population
studied (57) and making extensive use of potentially mis-
leading techniques such as ROC curves. Stakeholders
(such as care providers, payers, and policy makers) have,
perhaps unsurprisingly, been resistant to accepting the
value of these studies, but generally respond favorably to
studies providing hard evidence of benefit in overall pa-
tient outcome (52, 53).

The weaknesses of dichotomized sensitivicy and
specificity studies are well understood. They are often
heavily biased by the effects of comparison with non—
gold standard classification methods and by the com-
pounding effects of prevalence and disease spectrum
(54). Comparison of diseased patients with matched
healthy controls may help to prove statistical significance
but does not reflect the normal clinical scenario in which
the distinction is not between healthy and diseased, but
between patients with a specific disease and others with a
similar presentation but a different disease.

It is only lately that the principles of evidence-based
medicine have been applied—not always effectively or
consistently (55). New tests such as cardiac troponins,
natriuretic peptides, procalcitonin, and fecal calprotectin
have been introduced using robust evidence of improved
outcomes, but much current “routine” testing has not
undergone the same scrutiny. There are 2 missed oppor-
tunities here—increasing the value of older tests as a re-
sult of better understanding of how to use them effec-
tively (e.g., serum creatinine in the prediction of acute
kidney injury) and eliminating outmoded older tests be-
cause of new evidence that they are useless at best or
harmful at worst.

The most difficult part of producing evidence is to
pose the right research question (56). The question
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must be formulated in a way that highlights the variables
that will impact upon the effectiveness of the investiga-
tion in the clinical scenario being considered, using the
PICO framework (Population, Intervention, Compara-
tor, Outcome). Several variants have been described
(56).

Once the link between intervention and outcome
has been rigorously defined, various evaluation methods
can be employed [see the recommendations of the Euro-
pean Federation of Clinical Chemistry and Laboratory
Medicine’s Test Evaluation Working Group (57)].
Bossuytetal. (58) describe how comparative randomized
controlled trials (RCTs) can be used in such scenarios to
estimate clinical utility and also to show how diagnostic
accuracy can be linked to clinical utility. From the same
group, Moons etal. (31) have provided a useful overview
of methods to quantify the added value of a new diagnos-
tic test. Mallett et al. (59) also highlight different ways in
which results from diagnostic test accuracy studies can be
presented and interpreted.

The usual emphasis on RCTs in clinical research is a
challenge to the demonstration of the value of diagnostic
testing, given the confounding effects of intervening de-
cisions, the variable effectiveness of downstream manage-
ment and environmental factors between testing and ul-
timate outcome, and the costs and time (years or even
decades) needed to assess the impact of outcomes using
RCT. For these reasons, the Lewin Group’s 2010 report
Laboratory Medicine and Comparative Effectiveness Re-
search (60) stated that RCT's should not be the default
design for comparative effectiveness research in labora-
tory medicine. However, Lord et al. (61) recommend
using the principles of RCT design in the design of test
evaluations, to identify the types of evidence that will be
required for effective evaluation. Trikalinos et al. (62)
have explored the use of decision—analytical simulation
models, often used to inform reimbursement decisions
for drugs and vaccines, as a tool for assessing the value of
diagnostic tests.

The STARD (Standards for Reporting of Diagnos-
tic Accuracy) initiative (63) provided a checklist de-
signed to improve the quality of reporting of studies of
diagnostic accuracy and the CONSORT (Consolidated
Standards Of Reporting Trials) statement (64) is a useful
guide to designing RCT's studying the effects of interven-
tions on outcomes. Design requirements for studies as-
sessing the utility of diagnostic tests have been described
in detail in a recent AHRQ (Agency for Healthcare
Research and Quality) publication (65), and the
QUADAS-2 (the revised Quality Assessment of Diag-
nostic Studies) checklist (66) provides a generic tool for
the quality assessment of primary studies within a diag-
nostic review. A very useful checklist to determine clini-
cally important differences between test-treatment path-
ways of new and existing diagnostic tests has recently
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Table 3. European Group on Tumour Markers 4-phase
approach to evaluation of tumor markers.?

Phase 1 Assessment of biomarker kinetics and
correlation with tumor burden.

Phase 2 Assessment of the ability of the
biomarker to identify, exclude and/
or predict a change in disease
status.

Phase 3 Assessment of the effectiveness of
biomarker-guided intervention by
measuring patient outcome in
randomized trials.

Phase 4 Audit of the long-term effects after
the biomarker has been introduced
into the patient care pathway.

2 Adapted from Soletormos etal. (70).

been published by Ferrante di Ruffano et al. (67). The
Institute of Medicine has also published standards for
systematic reviews which address patient outcome (68).
We recommend that such checklists should be more
widely used by journals at the level of submission and at
the level of the referee process and that the submitted
checklists should become part of the submitted papers, or
available as complementary material. This will improve
the quality of research and of the refereeing process and
will enhance the ability of metaanalyses to compile exist-
ing research.

The EQUATOR (Enhancing the Quality and
Transparency of Health Research) group (69) has pro-
duced a catalogue of recommendations for promoting
transparent and accurate reporting of medical research.
In response to this, the European Group on Tumor
Markers has published a proposal on evaluation of new
tumor markers (70). This describes a 4-phase approach,
similar to the process used by the US Food and Drug
Administration and others for the evaluation of new
drugs (Table 3).

We strongly recommend the extension of this ap-
proach into other areas of laboratory medicine. Adoption
of the terminology (phase 1 studies = characterization of
the biomarker; phase 2 studies = sensitivity, specificity,
and predictive value in defined populations; phase 3
studies = trials on patient outcome; phase 4 studies =
audit following implementation) would be immensely
helpful when reporting biomarker studies. Such studies
should be registered before initiation and published on
completion, because failure to publish and selective re-
porting have been shown to be as prevalent in test accu-
racy studies as in other areas of science (71).

In addition to the outcomes value of specific tests in
defined circumstances, we also need better evaluations of
the value of the appropriate use of laboratory medicine
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overall. The CDC-sponsored Laboratory Medicine Best
Practices Initiative has described the methodology for
identifying effective practices associated with improved
healthcare quality outcomes (72), focusing on the pre-
and postanalytical aspects of the TTP, where most errors
occur. Such studies should include assessment of the ef-
fect on patient outcomes of consultative roles (38), the
use of decision-support algorithms, the value of interpre-
tative comments (/3 ), and other practices to improve the
overall efficiency of the TTP. Changes in laboratory
practice, however well intentioned, also need to be inves-
tigated for potential effects on patient outcome. A good
example is recent work by Kilpatrick et al. (74) showing
that the change to millimole per mole units for reporting
Hb A,. measurements in the UK had no detrimental
effect on patient outcome as measured by overall diabetic
control.

The Vision—Patient-Centered
Laboratory Medicine

Medicine in the 21st century needs a flexible information
resource that facilitates selection of the right test on the
right patients at the right time, with results delivered in a
timely fashion to the right place accompanied by context-
specific interpretation and, where appropriate, linked to
guidance on agreed action to be taken.

To achieve this, work is required in 5 areas:

1. Improved utilization of existing and new tests. This
requires determination of optimum testing strategies on
the basis of patients’ presenting complaints; development
of interventions to support appropriate test ordering/re-
questing; proper sample collection, transport, and storage;
effective strategies for transmission of test results; agreement
on clinically appropriate triggers for critical result notifica-
tion (28 ); and consultative services and comments to ensure
that results are properly applied. Guidelines on testing strat-
egies should be devised, rigorously tested, and published,
with emphasis on how they can be effectively applied (75).
2. Defining new roles for laboratory professionals that
are focused on optimizing patient outcomes by adding
value at all points of the diagnostic brain-to-brain cycle
and auditing the effectiveness of these roles and the over-
all diagnostic process.

3. Development of standardized protocols for prospective
patient-centered studies of biomarker clinical effectiveness
or extraanalytical process effectiveness (57, 58).

4. Benchmarking of existing and new tests in specified sit-
uations with commonly accepted measures of effectiveness
using the models described above, including postimplemen-
tation audit (57, 70). This must include the effects of pre-
and postanalytical components of the testing process and
must consider overall impact of the testing process on all
relevant clinical outcomes.

5. Agreed definition and validation of effectiveness mea-
sures and use of checklists for articles submitted for pub-
lication [see references (23) and (67)].

Call to Action

Substantial progress in the areas listed above is essential if
we are to demonstrate and enhance the value of labora-
tory medicine and prevent the loss of valuable informa-
tion in a miasma of meaningless data. Laboratory medi-
cine professionals who choose to work in these areas will
play a leading role in improving patient care and devel-
oping laboratory medicine as a clinical specialty, rather
than a number-generating service. This requires effective
collaboration with clinicians, and a determination to ac-
cept patient outcome and patient experience as the pri-
mary measure of laboratory effectiveness. Outcomes re-
search must be properly funded by government or
commissioning agencies, and the in vitro diagnostics in-
dustry has an important role to play in jointly facilitating
and coordinating appropriate clinical studies. They can-
not, however, deliver what is required without leadership
from and partnership with the laboratory medicine com-
munity. The time is now right for laboratory medicine
specialists in all countries to take up the challenge to look
outside the laboratory and forge effective links with mul-
tidisciplinary teams that seek to optimize clinical out-
comes and patient experiences in an efficient and cost-

effective way (76).
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