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Foreword of the editor
Editor in Chief: Gábor L. Kovács, MD, PhD, DSc

This themed issue of the journal is focused 
around the impact of laboratory medicine on 
clinical management and patient outcomes. 
Mr. Mike Hallworth (UK) was asked to guest 
edit the issue. Mike Hallworth MA MSc MCB 
FRCPath has recently retired from the post of 
Consultant Clinical Scientist to the Shrews-
bury and Telford Hospital NHS Trust, based at 
the Royal Shrewsbury Hospital, Shrewsbury, 
Shropshire, UK. He is a past President of the 
European Communities Confederation of Clini-
cal Chemistry and Laboratory Medicine (EFLM) 
and past Chairman of the UK Association for 
Clinical Biochemistry. Mike was awarded the 

UK Healthcare Scientist of the Year Award in 
November 2008 by the UK Chief Scientific Of-
ficer, Professor Sue Hill, and was the 2011 
winner of the EFCC-Roche European Scientific 
Award for Laboratory Medicine. He has been 
vice-Chair and Chair of the AACC’s Annual 
Meeting Organizing Committee (in 2007 and 
2010, respectively), and is the Chair of the IFCC 
Task Force on the impact of laboratory medi-
cine on clinical management and outcomes. He 
is Co-Editor-in-Chief of a new journal, Practical 
Laboratory Medicine (Elsevier). Mr. Hallworth 
invited a number of internationally renowned 
laboratory scientists to discuss the topic.

In this issue: The Impact of Laboratory Medicine
Foreword of the editor

Gábor L. Kovács
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In this issue: The Impact of Laboratory Medicine

Measuring the impact of laboratory medicine 
on clinical management and patient outcomes
Guest Editor: Mike Hallworth
Chair, IFCC Task Force on the impact of laboratory medicine on clinical management and outcomes (TF-ICO)

All who work in laboratory medicine have anec-
dotal evidence of the value of laboratory medi-
cine in delivering safe and effective patient care 
and improving individual patient outcomes by 
enabling faster, more accurate diagnosis and 
effective treatment. However, systematic evi-
dence of the contribution of laboratory medi-
cine to the clinical process has been much 
harder to obtain – understandably so, in view 
of the multitude of factors that are involved in 
reaching a diagnosis or planning treatment for 
an individual. Laboratory medicine has also had 
a broader impact upstream of diagnosis and 
management, playing a key role in areas such 
as risk assessment and screening of healthy 
subjects for latent disease. These areas are be-
coming increasingly important with the recog-
nition that early diagnosis and intervention re-
duces overall healthcare costs for a wide range 
of common diseases.

The so-called “70% claim” is commonly cited 
to indicate the value of laboratory medicine. It 
occurs in various forms, most commonly that 
“Laboratory medicine data influences 70% 
of clinical decisions” (1), or minor variations 
around this figure. Unfortunately, the data on 
which this claim was based represents unpub-

lished studies and anecdotal observations (2), 
and cannot now be objectively verified.

We need more specific and evidence-based 
measures of the added value of laboratory 
medicine, which in turn require better designed 
studies and better use of existing biomarkers. 
The IFCC Task Force on the Impact of Laborato-
ry Medicine on Clinical Management and Out-
comes was established by the Executive Board 
in 2012 to evaluate the available evidence sup-
porting the impact of laboratory medicine in 
health care, and to develop the study design for 
new and prospective studies to demonstrate 
the contribution made by laboratory medicine 
to improving outcomes.

The Task Force has recently published its report 
(3), which summarizes the existing evidence 
and indicates the gaps in our understanding. It 
also identifies deficiencies in current utilization, 
suggests potential solutions and offers a vision 
of a future in which laboratory medicine is used 
optimally to support patient care. This special 
issue of eJIFCC explores the central issues in 
more detail, with contributions from acknowl-
edged experts in the field.

Rapid, accurate diagnosis of the patient’s pre-
senting condition is essential to obtaining 
the best outcome, and there has been much 

Measuring the impact of laboratory medicine on clinical management 
and patient outcomes

Mike Hallworth
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emphasis on recent years in reducing diagnos-
tic error. The work of Plebani’s group has clearly 
shown that, where diagnostic error arises from 
laboratory testing, the pre- and post-analytical 
phases are much more vulnerable to error than 
the actual analytical phase (4), which implies 
that laboratories need to refocus their efforts on 
error reduction toward the total testing process 
rather than simply on the analytical aspects of 
their work. Mario Plebani develops these ideas 
in the first article in this issue “Diagnostic Errors 
and Laboratory Medicine – causes and strate-
gies”.  He emphasises the importance of focus-
sing on appropriate test utilization and accurate 
result interpretation to reduce the overall risk 
of laboratory-related diagnostic errors and im-
prove patient care.

Danielle Freedman takes up this theme in our 
second article “Towards better test utilization 
– strategies to improve physician ordering and 
their impact on patient outcomes”. She dis-
cusses the factors that influence test ordering 
by physicians, and describes proven strategies 
for achieving change which improve laboratory 
utilization and have a direct effect on patient 
outcomes. Influencing the behaviour of indi-
vidual physicians is important, but physicians 
are increasingly reliant on evidence-based in-
ternational guidelines for effective diagnosis 
and management of disease, and the labora-
tory community must ensure that it is repre-
sented when these guidelines are prepared if 
the uses and limitations of laboratory tests are 
to be properly understood. Howard Morris’ ar-
ticle “Collaborating with International Clinical 
Organizations” describes IFCC’s role in working 
with international clinical organizations to en-
hance the effective translation of developments 
in laboratory medicine to improve patient care 
and clinical outcomes, and ensure their adop-
tion into routine clinical practice via inclusion in 
relevant clinical guidelines.

However good a laboratory test, it cannot affect 
the individual patient outcome if the result nev-
er reaches the clinician who is responsible for 
delivering care. Joanne Callen and colleagues 
address the topic of “The impact for patient 
outcomes of failure to follow up on test results. 
How can we do better?”, and outline potential 
solutions to the widespread problem of missed 
results. Solving that problem requires the labo-
ratory to get involved in establishing and main-
taining resilient governance approaches, and 
creating a culture dedicated to ensuring reliable 
and safe patient care.

Having explored in detail what needs to be done 
to ensure that laboratory tests are ordered and 
used appropriately, the other two presenta-
tions in this issue focus on how the value of 
laboratory medicine can be measured and dem-
onstrated. Bruce Jordan and colleagues discuss 
“The clinical and health economic value of clini-
cal laboratory diagnostics”, using as exemplars 
three disease areas that represent substantial 
health care burdens for society – heart failure, 
Alzheimer’s disease and asthma. Finally, Patrick 
Bossuyt and Parvin Tajik’s article “Evaluating 
biomarkers for guiding treatment decisions” 
presents a theoretical framework for evaluating 
treatment decisions and summarizes study de-
signs for evaluating treatment selection mark-
ers. It is vitally important that new markers re-
ceive robust outcome-based evaluations before 
they are introduced into clinical practice, in ex-
actly the same way that new drugs are evaluated 
before they are licensed. The European Group 
on Tumor Markers has recently published a pro-
posal on evaluation of new tumor markers (5), 
which describes a four-phase approach, similar 
to the process used by the FDA and others for 
the evaluation of new drugs.

The report of the IFCC Task Force (3) concludes 
that work is required in five areas to ensure 
that laboratory medicine is firmly focussed on 
improving outcomes:
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1.	 Improved utilization of existing and new 
tests. This requires determination of opti-
mum testing strategies based on patients’ 
presenting complaints, development of 
interventions to support appropriate test 
ordering/requesting, proper sample collec-
tion, transport and storage, effective strate-
gies for transmission of test results, agree-
ment on clinically-appropriate triggers for 
critical result notification and consultative 
services and comments to ensure that re-
sults are properly applied. 

2.	 Defining new roles for laboratory profes-
sionals that are focussed on optimizing pa-
tient outcomes by adding value at all points 
of the diagnostic brain-to-brain cycle and 
auditing the effectiveness of these roles and 
the overall diagnostic process.

3.	 Development of standardized protocols for 
prospective patient-centred studies of bio-
marker clinical effectiveness or extra-analyt-
ical process effectiveness.

4.	 Benchmarking of existing and new tests in 
specified situations with commonly accept-
ed measures of effectiveness including post-
implementation audit. This must include the 
effects of pre- and post-analytical compo-
nents of the testing process, and must con-
sider the overall impact of the testing pro-
cess on all relevant clinical outcomes. 

5.	 Agreed definition and validation of effec-
tiveness measures and use of checklists for 
articles submitted for publication.

Laboratory doctors and scientists of the future 
must be involved in producing guidelines for 
investigation, advising clinical staff on the best 
strategy for individual clinical presentations and 
the further tests needed to confirm a diagno-
sis, and ensuring that results are not misinter-
preted or missed and that resources (human, 
technical and financial) are used to do the right 
test on the right person at the right time. It’s a 
daunting challenge, but getting this right means 
better use of tests, better patient care, lower 
health care costs, improved job satisfaction for 
laboratory workers and enhanced ability to re-
cruit and retain good scientists in laboratory 
medicine. That’s a goal worth working for, and 
the Editors hope that the Task Force report and 
the contents of this special issue will inspire and 
equip laboratorians across the world to rise to 
the challenge!
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While the frequency of laboratory errors varies greatly, de-
pending on the study design and steps of the total testing 
process (TTP) investigated, a series of papers published in 
the last two decades drew the attention of laboratory pro-
fessionals to the pre- and post-analytical phases, which cur-
rently appear to be more vulnerable to errors than the ana-
lytical phase. In particular, a high frequency of errors and 
risk of errors that could harm patients has been described in 
both the pre-pre- and post-post-analytical steps of the cycle 
that usually are not under the laboratory control. In 2008, 
the release of a Technical Specification (ISO/TS 22367) by 
the International Organization for Standardization played a 
key role in collecting the evidence and changing the per-
spective on laboratory errors, emphasizing the need for a 
patient-centred approach to errors in laboratory testing.

A fur�����������������������������������������������������ther step in the journey towards improved understand-
ing of the issue is the recent demonstration that errors in 
laboratory medicine are part of a much wider issue, com-
monly known as “diagnostic error”, thus definitively linking 
laboratory-associated errors to patient safety problems. 
The current awareness of the nature of laboratory testing-
associated errors, in particular the link between appropri-
ate test ordering and result interpretation/utilization, and 
their potential in reducing diagnostic errors, should herald 
a change in the old paradigm which was focused only on

In this issue: The Impact of Laboratory Medicine
Diagnostic errors and laboratory medicine – causes and strategies

Mario Plebani
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errors detected within the laboratory walls. 
Evidence-based quality indicators represent a 
formidable tool for improving quality and de-
creasing the risk of errors in the total testing 
process.

INTRODUCTION

During the past decade, after the publication 
of the Institute of Medicine (IOM) report, To 
Err Is Human (1), patient safety has finally be-
come the object of medical and public atten-
tion. Compared with other types of medical 
error, however, errors in laboratory medicine 
have received little attention. The reasons for 
this neglect are complex, but the difficulties 
largely arise from the number of steps and the 
time lapse which separate laboratory testing, 
physicians’ actions and patient outcomes (2). 
Moreover, usually only the analytical phase 
falls under laboratory control, while the pre- 
and post-analytic phases are the responsibil-
ity of stakeholders other than the laboratory 
such as the clinician, the nurse, the patient 
and others involved in patient identification, 
data entry, specimen collection and transport. 
In addition, most of the many different terms 
used in the literature to define errors in labo-
ratory medicine (e.g. mistakes, blunders, de-
fects, outliers, unacceptable results, quality 
failure) have negative connotations involving 
blame, individual failure and culpability and, 
even worse, pertain to studies focusing on a 
limited number of total testing process (TTP) 
steps. Taken together these are the “reasons 
for neglect” for errors in laboratory medicine, 
and should explain why the patient-centred 
viewpoint has been taken into account only in 
recent years (3). 

A brief history of errors in laboratory medicine

Initial studies, starting from the seminal paper 
by Belk and Sunderman in 1947 (4), as well 
as other articles published before the 1990s, 

focused only on the analytical phase and dem-
onstrated high rates and severity of analyti-
cal errors. However, despite the limited study 
design, they �������������������������������provided a wide range of oppor-
tunities to improve analytical performance, 
including the development of external quality 
assurance programs (EQA) and improved rules 
for internal quality control (IQC). 

In the late nineties, a body of evidence was ac-
cumulated which documented: a) a dramatic 
decrease in the analytical error rates from 
162,116 errors per million laboratory tests 
(parts per million, ppm) to 447 ppm (5, 6); b) 
high rates of errors in the pre- and post-ana-
lytical steps (7-9); and c) the risk of adverse 
events and inappropriate care due to labora-
tory errors, mainly for errors in pre-pre-analyt-
ical steps (10, 11). 

In fact, over the past decades, a ten-fold 
reduction in the analytical error rate has 
been achieved thanks to improvements in the 
reliability and standardization of analytical 
techniques, reagents, and instrumentation. In 
addition, advances in information technology, 
quality control and quality assurance methods 
have made a valuable contribution to error 
reduction. However, although the state-of-
the-art highlights that pre- and post-analytical 
phases are more vulnerable to errors, there is 
still evidence indicating that analytical qual-
ity remains a major issue. In particular, a rela-
tively high frequency of analytical errors has 
been documented for immunoassays with as-
sociated adverse clinical outcomes, sometimes 
resulting in grossly erroneous results (2). The 
issue of analytical interference does not only 
affect immunoassays. As an example, mono-
clonal proteins may affect many laboratory 
measurements, including glucose, bilirubin, 
C‑reactive protein, creatinine and albumin. 
The frequency of this type of error is variable 
and probably underreported (12). The lack of 
inter-changeability between different methods 
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and clinical laboratories, although not consid-
ered an “analytical error” in the strict sense, 
may also confound both clinical reasoning and 
patient management. This, in turn, is the main 
driver for the increasing awareness and con-
cern regarding the need of standardization and 
harmonization projects in laboratory medicine 
(13).

Pre- and post-analytical phases

While the frequency of laboratory errors var-
ies greatly, depending on the study design and 
the specific steps of the total testing process 
(TTP) investigated, a series of papers pub-
lished between 1989 and 2007 drew the at-
tention of laboratory professionals to the pre-, 
and post‑analytical phases, which currently 
appear to be more vulnerable to errors than 
the analytical phase. In particular, two papers 
published in 1997 and 2007 (7, 8) used a study 
design that allowed us to investigate most 
TTP steps in the same clinical context (stat 

laboratory). In both studies, the pre-analytic 
phase had the highest error rate, the most fre-
quent problems arising from mistakes in tube 
filling, inappropriate specimen containers, and 
requesting procedures. Identification errors 
were noted too, although the appropriateness 
of test request was not considered in the study 
design. Further studies confirmed these data 
and, currently, pre-analytical errors or more 
accurately pre-pre-analytical errors are esti-
mated to account for up to 70% of all mistakes 
made in laboratory diagnostics, most of which 
arise from problems in patient preparation, 
and sample collection, transportation, prepa-
ration for analysis and storage (9-11), as shown 
in Figure 1.

Laboratory errors and risk management

From a risk management viewpoint, the great 
majority of laboratory errors have little direct 
impact on patient care but provide impor-
tant learning opportunities. In fact, any error, 

Figure 1 Most frequent sources of  errors in the pre-pre- and pre-analytical steps 
(accounting for 48%-62% of  total errors in laboratory medicine)

1

Figure1 

Figure Caption 

Figure 1: Most frequent sources of errors in the pre‐pre‐ and pre‐analytical steps 

(accounting for 48%‐62% of total errors in laboratory medicine).

• Inappropriate test request 
• Order entry mistakes 
• Patient/sample misidentification 
• Sample collection (hemolysis, 

clotting, insufficient volume, etc) 
• Sample collection from infusion 

route
• Inappropriate container 
• Sample handling, storage and 

transportation problems 

• Labeling (secondary 
specimens) errors 

• Sorting and routing errors 
• Pour-off errors 
• Specimen-processing errors 

(centrifugation, decapping, 
aliquoting, etc.)
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regardless of its apparently trivial nature, might 
indicate weaknesses in policies and procedures 
that may not lead to adverse events in their 
particular context, but might cause the patient 
harm in slightly different circumstances (14). 
The lesson we learnt is that the entire system 
(TTP) should be designed to consider not only 
the real patient harm sustained, but also the 
potential worst clinical outcome if such an error 
were to recur.

In 2008, the release of a Technical Specifica-
tion (ISO/TS 22367) by the International Orga-
nization for Standardization played a key role in 
collecting the evidence and changing the per-
spective on laboratory errors, defining labora-
tory error as “failure of planned action to be 
completed as intended, or use of a wrong plan 
to achieve an aim, occurring at any part of the 
laboratory cycle, from ordering examinations to 
reporting results and appropriately interpret-
ing and reacting to them” (15). In addition, ac-
cording to this Technical Specification (15), any 
clinical laboratory should employ processes for: 
a) identifying high risk processes where the po-
tential error could lead to a safety risk for pa-
tients; b) detecting actual incidents associated 
with deviations from standard requirements; c) 
estimating and evaluating the associated risks 
to patient safety; d) controlling the risks; and 
e) monitoring the effectiveness of the measure 
taken.

This inspired a patient-centred evaluation of 
errors in laboratory testing and an increased 
concern to identify weaknesses and vulnera-
bility in procedures and processes, so that cor-
rective and preventive actions can be activated 
before any adverse event or patient harm may 
occur.

A further step in the journey towards a better 
understanding of the issue is the recent proof 
that errors in laboratory medicine are part 
of a much wider issue, commonly known as 

“diagnostic error”, thus definitively linking labo-
ratory-associated errors to patient safety prob-
lems, as shown in Table 1.

Diagnostic errors and laboratory testing

Diagnostic errors have been defined as “er-
rors in which diagnosis was unintentionally de-
layed (while sufficient information was avail-
able earlier), wrong (another diagnosis made 
before the correct one), or missed (no diag-
nosis made) as judged from the eventual ap-
preciation of more definitive information (e.g., 
autopsy studies)” (16). The evidence on the 
importance of and direct link between diag-
nostic errors and errors in laboratory medicine 
derives from a series of studies with a clinical 
starting point. In particular, studies performed 
on the pre-pre‑analytical phase (initial proce-
dures performed outside clinical laboratory or, 
at least in part, beyond the control of labora-
tory personnel) confirm that failure to order 
appropriate diagnostic tests (laboratory tests 
included) makes up 55% of observed break-
downs in missed and delayed diagnosis in the 
ambulatory setting (17-19) and 58% of errors 
in emergency departments (20). 

Incorrect interpretation of diagnostic or labo-
ratory tests in the end stages of the TTP loop 
was found to underlie a large percentage of 
errors in the ambulatory setting and in emer-
gency departments. Failure to inform patients 
of clinically significant abnormal test results 
or to record the delivery of relevant informa-
tion is relatively common, occurring in 1 out 
of every 14 tests; for example, patients not be-
ing informed of a total cholesterol value of 8.2 
mmol/L (318 mg/dL), hematocrit of 28.6% or a 
potassium level of 2.6 mmol/L. The overall rate 
of failure to inform the patient or to record 
communication of information was 7.1%, in 
different practices, ranging from 0 to 26% (21). 
As revealed in a systematic review of the litera-
ture, failure to follow-up test results markedly 
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compromises patient safety, yet the rate of 
abnormal laboratory results (for INR and PSA) 
without follow-up ranges from 6.8% to 62%. 
(22). Further evidence of inappropriate re-
sponse to laboratory information is provided 
in a study evaluating the prescription of po-
tassium in cases of hyperkalemia (23). More-
over, findings in another study (24) showed 
that over 2% (2.6% in 2000, 2.1% in 2007) of 
patients with thyrotropin (TSH) levels exceed-
ing 20 mU/L were not followed up. Yet another 
study revealed that of 1,095 discharged pa-
tients, almost half had pending laboratory and 
radiology test results, 9% of which potentially 
required action (25). In another study, approx-
imately one-third of sub-acute care patients 
had laboratory tests (microbiology tests in 

particular), which were pending at discharge, 
but few of these cases were recorded in hospi-
tal discharge forms (26). Overall, data reported 
demonstrate that the initial and final steps of 
the TTP process, above all test requesting and 
reaction to laboratory results, are not only 
more error-prone than all the other steps, but 
are also the most important causes of poten-
tial adverse outcomes for patients. Moreover, 
the data confirm that a significant number of 
failures occur in the interface between clinical 
practice and laboratories, thus emphasizing 
the need for laboratory professionals and phy-
sicians to “understand their mutual ownership 
and work together to ensure that patients are 
more safe” (27).

Table 1 The journey towards a patient-centered view of  errors  
in laboratory medicine

Years

1950-1990 ANALYTICAL ERRORS

1990s ERRORS IN CLINICAL LABORATORIES 

(including pre- and post-analytical phases)

2000s ERRORS IN THE TOTAL TESTING PROCESS

(including pre-pre- and post-post-analytical phases)

AND

Today TESTING-RELATED DIAGNOSTIC ERRORS
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Towards a patient-centred approach 
to laboratory-associated errors

The awareness of the current nature of labo-
ratory testing-associated errors, in particular 
the link between appropriateness in test or-
dering and result interpretation/utilization, 
and their potential in addressing diagnos-
tic errors, should herald a change in the old 
paradigm which was focused only on errors 
detected within the laboratory walls. In order 
to translate the concept of “patient-centred 
care” from theory to practice it is of the ut-
most importance to investigate, and improve 
upon, not only those procedures and process-
es performed under the direct control of the 
clinical laboratory, but also the initial and final 
steps of the testing cycle that are usually man-
aged by other healthcare personnel. Projects 
aiming to improve quality and patient safety 
must therefore be based upon a total quality 
perspective, in particular the accreditation of 
clinical laboratory services according to the In-
ternational Standard ISO 15189:2012 (28) and 
the search for valuable quality indicators (QIs) 
for all phases of the testing process. In partic-
ular, the identification and implementation of 
valuable QIs are requested as mandatory for 
clinical laboratory accreditation according to 
the International Standard (ISO 15189:2012). 
In this document quality indicators are de-
fined as “ a measure of the degree to which a 
set of inherent characteristics fulfils require-
ments” and “can measure how well an orga-
nization meets the needs and requirements 
of users and the quality of all operational 
processes” (28). The second definition is em-
phasised in the context of the present paper, 
and specifically the fact that “all operational 
processes” requires the inclusion of pre- and 
post-analytical steps. However, a major prob-
lem is the lack of consensually defined QIs, 
particularly for extra‑analytical phases. The 
International Federation of Clinical Chemistry 

and Laboratory Medicine (IFCC) launched in 
2004 a new project, implementing a Working 
Group on Laboratory Errors and Patient Safe-
ty (WG LEPS) that promoted and developed 
a model of quality indicators (MQI) (29, 30). 
This model is divided into process and out-
come measures, mainly based on measures of 
the pre-, intra- and post-analytical procedures 
and processes, and has been revised in a Con-
sensus Conference organized to establish a list 
of QIs that should be evidence-based, feasible 
for most laboratories around the world and 
actionable (31). The list of QIs is available on 
line at www.ifcc-mqi.com

CONCLUSIONS

According to recent data from malpractice 
claims, diagnostic errors appear to be the most 
common, most costly and most dangerous of 
medical mistakes both in inpatients and out-
patients (32, 33). Failure in the ordering of ap-
propriate laboratory test and the application 
of laboratory test results are major contribu-
tors to diagnostic errors, along with residual 
problems in test performances (analytical er-
rors) (34). Therefore, the main message is the 
need to improve the quality of laboratory ser-
vices, avoiding errors and improving patient 
safety, employing a global approach across 
the TTP, according to the seminal concept of 
the brain-to-brain loop (35). The use of a con-
sensually-defined list of evidence-based QIs 
to be applied in the accreditation programs of 
clinical laboratories according to the current 
International Standard (ISO 15189:2012) is an 
effective tool for improving quality, decreas-
ing the risk of errors and increasing patient 
safety.
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Laboratory medicine is the single highest volume medical 
activity in healthcare and demand for laboratory testing 
is increasing disproportionately to medical activity. It has 
been estimated that $6.8 billion of medical care in the US 
involves unnecessary testing and procedures that do not 
improve patient care and may even harm the patient. Phy-
sicians face many challenges in accurately, efficiently and 
safely ordering and interpreting diagnostic tests. In order to 
improve patient outcomes, laboratory tests must be appro-
priately ordered, properly conducted, reported in a timely 
manner, correctly interpreted and affect a decision for fu-
ture diagnosis and treatment of the patient. 

This paper discusses factors influencing test ordering by 
physicians, strategies for modifying physicians’ ordering 
patterns, and ways to implement policies to improve labo-
ratory utilization and thereby improve patient outcome.

Successful management of laboratory test utilization re-
quires the entire laboratory team to use their skills and 
knowledge to identify utilization issues, implement a pro-
gramme that will achieve more effective testing and estab-
lish appropriate processes from the beginning to the end of 
the test cycle.

In this issue: The Impact of Laboratory Medicine

Towards better test utilization – strategies to improve physician ordering 
and their impact on patient outcomes
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Laboratory medicine is the single highest vol-
ume medical activity in healthcare and demand 
for laboratory testing is increasing dispropor-
tionately to medical activity. Over the past 20 
years, the number of laboratory tests available 
to clinicians has more than doubled, to at least 
3,500 tests (1). The global IVD market, valued 
at $49 billion in 2012, is expected to grow by 
7% over the period 2012-2017, and represents 
3-5% of all healthcare costs (2).

A major component of US healthcare expendi-
ture is an estimated $65 billion spent each year 
to perform more than 4.3 billion laboratory 
tests (3) but it has been estimated that $6.8 bil-
lion of medical care in the US involves unneces-
sary testing and procedures that do not improve 
patient care and may even harm the patient (4). 
Physicians face many challenges in accurately, 
efficiently and safely ordering and interpret-
ing diagnostic tests. (The term ‘ordering’ will 
be used throughout this paper for consistency. 
However, tests are ‘requested’, not ‘ordered’ in 
many countries, and ‘requesting’ better reflects 
the collaboration between clinician and labora-
tory). To improve patient outcomes, laboratory 
tests must be appropriately ordered, properly 
conducted, reported in a timely manner, cor-
rectly interpreted and affect a decision for fu-
ture diagnosis and treatment of the patient (5).

However, the use of laboratory diagnostics varies 
between countries and in the US it was 5 times 
greater (as a proportion of medical expenditure) 
than in the UK in 2006 (2). Large differences be-
tween individual practitioners in laboratory uti-
lization have been reported in several countries 
(6-9) The recent publication in England of the 
‘National Health Service Atlas of Variation’ (10) 
demonstrated the variation in ordering rates for 
diagnostic tests across 151 primary care organi-
zations. There may be valid reasons to explain 
some of the observed variation, such as differ-
ent populations or case mix, incidence of depri-
vation, disease prevalence, local policy decisions 

on specific services and the availability of rela-
tively new or high-technology tests. However, 
despite these factors, the variation in ordering 
rates is so large that it must reflect considerable 
differences in the individual ordering patterns of 
doctors within each primary care organization. 
An example is shown in Figure 1 for B-type na-
triuretic peptide (BNP). This test has been advo-
cated for many years as a first line screening test 
for patients with symptoms of heart failure. UK 
national guidance commends its use (11) and 
recommends that the test is used to support the 
decision-making process as to whether a patient 
should be referred for echocardiography and/or 
to a specialist cardiologist.

Figure 1 shows an 89-fold difference in order-
ing rates for BNP between different primary 
care organizations. This may represent failure of 
guideline uptake or the unavailability of the test 
in some areas due to cost pressures. Variation 
in utilization of this test can have a real impact 
on patient care and subsequent morbidity and 
mortality. 

There are many factors which determine a phy-
sician’s test ordering practices. In literature 
surveys (12, 13), physicians mostly cite fear of 
legal (malpractice) complaints as the primary 
driver of over-testing. A recent article by Hoff-
man et al. (14) states that the main driver of 
over-diagnosis and over treatment is zero toler-
ance for error and uncertainty. Addressing the 
widespread intolerance of uncertainty requires 
a cultural change both within the medical pro-
fession and by the public. 

This paper will examine the following:

•	 Factors influencing test ordering by physicians;

•	 Strategies for modifying physicians’ order-
ing pattern;

•	 Ways to implementing policies to improve 
laboratory utilization and thereby improve 
patient outcome.
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Figure 1 Brain natriuretic peptide (BNP or NTproBNP) ordering rates across 
primary care organizations (primary care trusts [PCTs]) in England in 2012
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FACTORS INFLUENCING  
TEST ORDERING BY PHYSICIANS

Users of the clinical laboratory want informa-
tion to allow them to make better decisions 
about patients. They want to be assured that 
the investigations they order will be quick, accu-
rate and inexpensive and they want ‘new’ tests 
to be readily available. They want to be able to 
do the right investigation on the right patient 
at the right time, with results reaching the right 
clinician at the right time and in the right for-
mat and medium. In addition, availability of the 
right interpretation is essential to ensure the 
optimum patient outcome. Hopefully, the clini-
cian is also concerned with patient safety, clini-
cal accountability and clinical governance.

However, the clinician faces huge problems in 
getting test ordering right. There are too many 
tests, they have different names, they are re-
ported in different units, there are different 
reference intervals between laboratories, there 
are different decision limits and guidelines are 
often inconsistent. Clinicians want tests with 
high diagnostic accuracy, good predictive value 
and proven clinical utility in decision making.

Two literature reviews (15, 16) are in broad 
agreement on the reasons for ordering diag-
nostic tests. These include diagnostic factors, 
such as rule-in or rule-out disease, therapeutic 
and prognostic factors, such as help in deciding 
on appropriate treatment , as well as patient 
-related factors such as patient reassurance, 
doctor-related factors such as clinical experi-
ence, confidence in clinical judgement and fear 
of litigation and policy and organization-related 
factors, such as test availability, institutional 
policies and clinical guidelines, and the use of 
structured test ordering forms (17).

FAILURE OF GUIDELINE IMPLEMENTATION 

Despite the clear recommendations of the UK 
National Institute for Health and Care Excellence 

(NICE) guidelines for use of the CA125 antigen 
in detection of ovarian cancer (18), the data 
from the NHS Atlas of Variation (10) still dem-
onstrates vast variation in the use of CA125 in 
UK primary care organizations. There is a need 
to target low-ordering areas, emphasising the 
importance of guideline implementation. It 
would be of great interest to determine if the 
areas with low CA125 ordering rates have high-
er morbidity and mortality for ovarian cancer. 
Schulenberg-Brand et al. (19) investigated the 
impact of local guidance on tumour marker or-
dering within a single surgical department in 
the UK through an audit process and found a 
significant rate of inappropriate ordering under-
pinned by an apparent lack of knowledge about 
the correct use of the test. For example, 33% of 
CA125 orders were made on male patients!

The use of faecal calprotectin to distinguish 
between irritable bowel syndrome (IBS) and 
inflammatory bowel disease (IBD) is well estab-
lished (20). The test distinguishes patients with 
symptoms of functional IBS from those with or-
ganic symptoms of IBD with greater than 95% 
sensitivity and specificity. A normal faecal cal-
protectin result excludes IBD and removes the 
requirement for endoscopy. In our hospital, 
over the past 12 months, this has resulted in a 
70% reduction in the number of endoscopy pro-
cedures. This does not only benefit patients but 
also provides a significant financial saving, since 
the cost of an endoscopy is $908 whereas a fae-
cal calprotectin test costs $80. 

In addition, calprotectin predicts clinical relapse 
in IBD with 90% sensitivity and 83% specific-
ity. This again influences patient outcome by 
enabling treatment to be started earlier, thus 
resulting in improved outcomes. Despite this, 
calprotectin testing in the UK has not yet been 
implemented nationwide (10). For primary care 
organizations in England, the estimated annual 
rate of use for calprotectin tests ranges from 
0.01 to 5.1 per thousand practice population, 
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a 446-fold variation. Patchy uptake in primary 
care, despite the evidence of clinical utility, 
probably indicates a lack of understanding of 
the value of the test or its lack of availability 
from local laboratory services. This may be be-
cause secondary care providers are reluctant 
to lower the rates of endoscopy for financial 
reasons.

 Failure of uptake of guidelines is a problem that 
spans all specialities and sectors of healthcare. 
A recent article by Misra et al. (21) confirmed 
the findings from Cabanagh et al. (22) in 1999, 
showing little change over 15 years. The barri-
ers to guideline adherence include:

a.	 Lack of awareness of the existence of guide-
lines or unfamiliarity with the guideline 
content;

b.	 Lack of agreement with the specific guide-
line and/or lack of agreement with guide-
lines in principle;

c.	 Inertia of previous practice;

d.	 The guideline is contradictory to established 
practice or difficult to follow/use. There 
may be patient reluctance to comply with 
guideline;

e.	 External barriers such as resource availabil-
ity, practice constraints and lack of time.

There have been several national initiatives to 
try to reduce over-diagnosis and change physi-
cian behaviour and adherence to guidance. In 
the UK, these include the NICE initiative of a ‘do 
not do’ recommendation database, comprising 
tests or procedures with limited or no value that 
should not be used (23). In the US, the ‘Choosing 
Wisely’ campaign (24) aims to help healthcare 
practitioners, patients and other stakeholders 
develop sustainable solutions to stop the over-
use and misuse of medical tests and procedures 
that provide little or no benefit. In addition, a 
group from the Australian Government Depart-
ment of Health identified potentially unsafe, 

ineffective or inappropriate services listed on 
the country’s Medicare Benefit Schedule (25).

The US National Physician Alliance (NPA) have 
created a project entitled ‘Promoting good 
stewardship in clinical practice’ that aimed to 
develop a list of the top five activities in fam-
ily medicine, internal medicine and paediatrics 
where the quality of care can be improved. As 
part of the list for internal medicine, they rec-
ommended not obtaining blood chemistry pan-
els or urinalysis for screening asymptomatic 
healthy adults, and only screening for type II 
diabetes mellitus in asymptomatic adults with 
hypertension (26).

Improving adherence to clinical guidelines re-
quires targeting, proper dissemination and edu-
cation. As we will see later, there is considerable 
overlap between successful implementation of 
guidelines or strategies and improving ordering 
behaviour. Guidelines should be written, pub-
lished and disseminated, but it is essential that 
proper implementation strategies are devised 
and delivered, as implementation is crucial to 
ensuring a positive impact on patient outcome.

INAPPROPRIATE LABORATORY 
UTILIZATION 

An analysis of 307 malpractice claims in the US 
(27) studied the principal areas of faulty pro-
cesses which led to misdiagnosis in patients. 
The top cause, found in 55% of patients, was 
the failure to order the appropriate diagnostic/
laboratory test. There is growing recognition 
that errors in test selection (inappropriate or-
dering) and result interpretation can have sig-
nificant or adverse clinical consequences to pa-
tients and financial consequences to healthcare 
institutions (28).

As Moynihan et al. (29) have written, “Medi-
cine’s much heralded ability to heal the sick 
is fast being challenged by its propensity to 
harm the healthy. Too many people are being 
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over-dosed, over-treated and over-diagnosed.” 
They state that $200 billion may be wasted on 
unnecessary treatment every year in the US, 
for example screening programmes detecting 
early cancers that will never cause symptoms or 
death. 

Five per cent of all healthy patients will get ab-
normal test results and false findings or trivial 
abnormalities can lead to unnecessary further 
testing and expensive and potentially risky in-
terventions, leading to poor patient outcomes. 
Causes of over-utilization include patient pres-
sure, duplicate ordering, lack of understanding 
of the diagnostic value of a test, ordering the 
wrong test, failure to understand the conse-
quences of over-utilization, defensive testing, 
perverse financial incentives and ‘availability 
creates demand’ (where the key driver is tech-
nological advance). Some of the consequences 
of over-utilization include incorrect diagnosis 
and treatment, incorrect test ordering which 
delays the actual diagnosis, increased length of 
hospital stay, unnecessary blood loss, increased 
resource utilization and, most important, un-
necessary patient alarm.

Moynihan et al. (29) point out that the con-
cern about over-diagnosis does not preclude 
awareness that many people miss out on much 
needed healthcare. In fact resources wasted on 
unnecessary diagnoses and care can be much 
better spent treating and preventing genuine 
illness. 

Van Walraven and Naylor, in their systematic re-
view in1998 (30), concluded that the frequency 
range of inappropriate testing was between 
5% - 95% This was a review of North Ameri-
can studies, but similar non-American studies 
(UK, Netherlands, Australia, Canada, Egypt and 
Thailand) reported inappropriate testing rates 
between 10% - 50%. A study of hospitalized 
patients in our institution demonstrated that 
34% of orders were inappropriate (unpublished 

data). Zhi et al. in their systematic review of the 
literature from 1997-2012 (31) found the over-
all mean rate of over-utilization of testing to be 
20.6% (95% CI = 16.2-24.9%), with over-utiliza-
tion of low volume tests higher at 32.2% (95% 
CI = 25.0-39.4%).

Laposata (28) has shown that the highest in-
cidence of error in laboratory testing is in test 
selection by clinicians and interpretation of test 
results by clinicians. This confirms the work of 
Plebani (32) in his review of the literature: up 
to 68% of laboratory testing errors occur in the 
pre-pre-analytical phase which includes inap-
propriate test orders. Reviewing the diagnos-
tic error and testing literature, Epner et al. (33) 
identified 5 causes of diagnostic error and harm 
relating to the testing process. They called this 
the ‘five cause taxonomy of testing-related di-
agnostic error’ and it includes both ordering an 
inappropriate test and not ordering an appro-
priate test.

There is often little thought given to the pa-
tient’s views and the non-clinical outcomes. 
A reduction in inappropriate ordering will re-
duce the need for some phlebotomy episodes 
and reduce the associated discomfort and in-
convenience such as time off work, as well as 
minimizing potential patient anxiety. It must 
be recognised that inappropriate testing will 
impact on follow-up, by leading to false posi-
tive results, and unnecessary further inter-
ventions such as referral and further invasive 
investigations.

There is no point in ordering a test if no-one 
looks at the results and/or acts on them. The 
issue of failure to follow-up tests which have 
been ordered is addressed by Callen et al. else-
where in this issue of eJIFCC.

In a very recent publication ‘Protecting Re-
sources, Promoting Value: A doctors’ guide 
to cutting waste in clinical care’ (November 
2014) from the UK Academy of Medical Royal 
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Colleges (34) there is a guide/toolkit to help 
doctors and other clinicians to use resources 
in the most effective way to provide the best 
possible quality and quantity of care for pa-
tients. It promotes the identification of tests 
or procedures whose necessity should be 
questioned. 

The emphasis of laboratory utilization pro-
grams should never be exclusively on reduc-
ing the number of tests. It is imperative to 
consider clinical outcomes and the changes 
to patient management. Zhi et al. (31) found 
the mean rate of under-utilization of test-
ing in their systematic review to be 44.8% - 
more than twice the rate of over-utilization. 
Missed tests may have a significant impact on 
patient outcome. In a study looking at the ef-
fect of HbA1c ordering frequency, Fu and his 
colleagues showed lower frequency of HbA1c 
monitoring is significantly associated with 
poorer glycaemic control. To achieve HbA1c 
concentrations below a target of 53 mmol/
mol the optimal testing frequency was 4 times 
per year (35). 

STRATEGIES TO IMPROVE 
PHYSICIAN ORDERING

There have been several studies and audits 
published which describe initiatives to change 
ordering behaviour. An article in Bandolier 
(36) identified 49 studies reporting interven-
tions which were designed to changed phy-
sicians’ ordering practice. The studies used 
a range of single or combined interventions 
which included: educational initiatives, guide-
line dissemination, Computerized Physician 
Order Entry (CPOE) design with algorithms, 
clinical pathway analysis, activity utilization 
and cost information, vetting of orders and re-
stricting tests to ensure the appropriate test 
repertoire.

Successful intervention strategies included: 
1) educational initiatives aimed at predispos-
ing factors; 2) targeting re-enforcing factors by 
provision of activity and costing data; and 3) 
targeting enabling factors such as limiting the 
number of tests allowed by deleting tests from 
the laboratory repertoire or specialist vetting 
of orders. A summary of strategies can be 
found in Table 1.

Astion has described the factors he feels im-
prove laboratory utilization (37). He describes 
both physician education and patient educa-
tion as weak interventions in isolation. CPOE 
can improve laboratory utilization if thought-
fully implemented and education can be made 
more effective by combining it with other 
methods that make the desired behaviour 
more likely, including CPOE, use of formular-
ies, implementing higher levels of approval 
for some tests and the use of physician utiliza-
tion reports with performance feedback. As in 
many other studies, the best approach to im-
proving laboratory utilization combines mul-
tiple interventions (17).

It is imperative that these interventions remain 
in place, or ordering behaviour will drift back 
to the initial condition. In a cluster random-
ized trial by Thomas et al. (38), the effect of en-
hanced feedback and brief educational remind-
er messages on 9 tests ordered in primary care 
over a 12 month period achieved a reduction 
of around 10% in the number of orders when 
used alone but when the initiatives were used 
together (in combination) they demonstrated 
a larger reduction - greater than 20% of total 
tests ordered. 

Figure 2 shows the ‘test cycle’ and highlights 
the points at which the laboratory clinicians can 
become engaged in managing appropriate test 
utilization. The patient must always be the fo-
cus of all processes and outcomes. 
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MEDICAL EDUCATION

One of the biggest areas of concern is the level of 
education of junior doctors (interns) about labora-
tory medicine, which has decreased in many coun-
tries. Khromova and Gray (39) surveyed junior 

medical staff in Sheffield and found they lacked 
confidence in both ordering and interpreting ba-
sic clinical chemistry tests, such as serum protein, 
magnesium and phosphate. Up to 75% of the ju-
nior doctors felt they needed further teaching in 

Table 1 Summary of  intervention strategies  
to improve physician ordering behaviour

Pre-laboratory Laboratory Post-laboratory

Educate and engage with users 
regarding testing, including 
presentations to clinical teams

Withdraw outdated tests Perform clinical audit with 
adherence to local and national 
clinical guidelines

Make formal contributions to 
training, induction, undergraduate 
curriculae, guideline pathway 
development

Harmonize nomenclature Perform audit of the impact of 
test results on patient pathways 
and outcomes, including 
whether results were reviewed, 
whether action was taken and 
the outcome

Develop laboratory formulary in 
conjunction with users

Standardize units Include information on test 
appropriateness as part of 
report

Develop CPOE systems including 
test repertoire available to all who 
order tests. Use disease-specific or 
question-specific profiles

Standardize reference intervals

Ensure targeting of clinical 
guidelines

Harmonize laboratory profiles

Apply minimum re-testing 
intervals between repeat tests

Use reflex/reflective testing 
when appropriate

Introduce vetting of selected 
(esoteric) tests by senior 
laboratory staff
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relation to investigations that they were not 
confident in ordering or interpreting. A study of 
interns in two teaching hospitals in Cape Town, 
South Africa (40) demonstrated similar results. 
The study concluded that junior doctors felt un-
prepared for their roles and needed more ex-
posure to laboratory medicine in training, and 
more instruction on the basics of rational order-
ing of laboratory tests.

In a study of final year medical students at 
Oxford in 2010 (41), Clarke and Littlewood ex-
plored their attitudes and their competence 
in haematology. Haematology was viewed as 

a particularly difficult speciality, but was nev-
ertheless a popular and interesting career 
choice. A worrying lack of important clinical 
knowledge as the students began their intern-
ship was found. The study demonstrated the 
students’ relative lack of both confidence and 
competence in managing blood disorders, for 
example, only one third of the final year medi-
cal students knew the value of the International 
Normalized Ratio (INR) in deciding whether to 
administer vitamin K to a patient. As a result 
of this survey, the British Society of Haematol-
ogy reviewed the curriculum for undergraduate 
haematology teaching. 

Figure 2 The ‘Test Cycle’

The ‘test cycle’ above shows the points at which laboratory clinicians can become engaged in managing appropriate test 
utilization. The patient must always be the focus of all processes and outcomes.
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There is very little hard evidence in the lit-
erature to demonstrate the impact of the 
knowledge of basic science by junior doctors 
on patient outcome (42), although there is no 
shortage of anecdotal and circumstantial evi-
dence. A survey of 300 participants attending 
an AACC Annual Meeting in 2012 showed that 
the single most important issue identified as 
leading to ineffective test ordering was inad-
equate teaching about laboratory medicine in 
Medical School (unpublished data). 94% of re-
spondents rated this as ‘highly important’ or 
‘important’.

A survey by Laposata (28) showed that every US 
medical school teaches more than 100 hours 
of anatomic pathology, whilst only 9% have a 
separate and distinct course in laboratory medi-
cine. The mean time spent teaching medical 
students on the appropriate selection of labora-
tory tests and the correct interpretation of re-
sults over the entire 4 year curriculum was 10 
hours and it was less than 5 hours in many of 
the institutions. The survey showed that com-
pletion of anatomic pathology training required 
passing an examination, but there were no ex-
aminations for laboratory medicine, despite it 
forming a much greater part of the experience 
of most physicians.

A recent survey from the Clinical Laboratory In-
tegration into Healthcare Collaborative (CLIHC) 
found that primary care physicians are uncer-
tain about the right test to order 14.7% of diag-
nostic encounters and are uncertain about the 
correct interpretation of test results in 8.3% (1). 
With more than 500 million primary care visits 
per year in the US, the data indicates that ap-
proximately 23 million times per year, primary 
care physicians are not certain about the best 
use of the diagnostic test. Inadequate educa-
tion in laboratory medicine must be seen as a 
patient safety issue.

LABORATORY FORMULARIES

A laboratory (test) formulary is analogous to 
the pharmaceutical formulary present in most 
institutions and can be used in many ways. It 
may simply outline what tests a clinician may 
order or what tests are permitted to be sent 
to outside (reference) laboratories. A test for-
mulary requires an understanding of the clini-
cal value of the test, the financial impact and 
whether or not there is a history of the test 
being poorly utilized. Many laboratories now 
have their own laboratory formulary to help 
the clinician to select the right test in specific 
situations. An example is Brigham and Wom-
ens’ Hospital, Boston, MA, USA (43). The trend 
is to use the laboratory formulary to reduce 
inappropriate ordering of expensive molecular 
and genomic tests. Effective laboratory formu-
laries need to be developed with full involve-
ment of laboratory staff, physicians and other 
stake holders. 

HARMONIZATION OF NOMENCLATURE

CLIHC have also examined the issue of the 
wide inconsistencies in test nomenclature as 
a significant barrier to physicians ordering the 
correct test. For example, there are at least 
18 different titles for vitamin D related tests 
in the US. In the UK, the National Laboratory 
Medicine Catalogue (NLMC) has the long-term 
objective that each test ‘name’ represents a 
single pathology test concept and each con-
cept is represented by just one name. The 
NLMC aims to standardize ordering, report-
ing and analysing of pathology tests to ensure 
that the right patient gets the right test at the 
right time. There is a standardized list of pa-
thology tests that have been validated for use 
within the UK NHS. This list is provided in an 
XML format and may be used within Labora-
tory Information Management Systems (LIMS), 
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electronic patient records and pathology order 
communications (44). 

HARMONIZING COMMON 
LABORATORY TEST PROFILES

A common source of physician confusion is that 
different laboratories provide different ‘profiles’ 
of tests to answer the same clinical question. 
This variation is often for historical reasons. In 
the UK, it has been revealed by a national pa-
thology benchmarking initiative (45), which 
showed 12 different profiles for liver function 
tests among 50 laboratories subscribing to the 
initiative. As a consequence, the UK Association 
for Clinical Biochemistry and Laboratory Medi-
cine, have produced proposals for a consensus 
view on profile composition, e.g. liver panel: 
bilirubin, alanine transaminase, alkaline phos-
phatase, albumin (46). As well as removing con-
fusion, harmonizing profiles can save money 
and reduce further investigations instigated as 
a result of clinically irrelevant minor abnormali-
ties in irrelevant tests.

Laboratories must increase their efforts to en-
gage with the test user to provide the appropri-
ate tests in any clinical situation, whatever the 
core profiles contain.

COMPUTERIZED PHYSICIAN 
ORDER ENTRY (CPOE)

CPOE can be a blessing or a curse, depending 
on how it is implemented. The worst case sce-
nario is an electronic test order form in which 
the full menu of laboratory tests, from the most 
common to the most esoteric is made readily 
available to all practitioners, and repetitive in-
terval-based testing (e.g. daily thyroid function 
testing) is easy to instigate. This is a recipe for 
laboratory mis-utilization, and the laboratory 
involved would have to bear responsibility for 
the resulting situation.

If CPOE is implemented with a strategy that 
prompts physicians with relevant information at 
the time of test ordering, it has been shown to 
decrease utilization of some commonly ordered 
tests in the in-patient setting. In one study, 
physicians were prompted electronically as to 
whether they wanted to continue their daily 
metabolic panel order after the patient had been 
in hospital for 72h (47). The effect of this was to 
reduce testing by 24% with no change in patient 
outcome. Design of the electronic order form is 
crucial: following literature searches showing 
that gamma-glutamyl transferase (GGT) need 
not form part of the routine liver panel, local ex-
perience of removing the GGT tick box for a 12 
month period during 2010/2011 reduced GGT 
ordering by almost 50% (unpublished data).

As yet, there is limited published evidence on 
the impact of CPOE on clinical outcomes. How-
ever, the potential of the approach has been in-
vestigated in the context of imaging (48). It was 
proposed that a system linking electronic order-
ing of imaging orders to best practice diagnostic 
pathways represented the way to maximize ap-
propriate referrals. 

A systematic review in 2006 identified 19 stud-
ies of the impact of CPOE on laboratory testing 
(49). Eleven of these compared CPOE (with and 
without decision support) to no CPOE for labo-
ratory testing in a range of countries (South Ko-
rea, USA, UK, Canada, Norway), and eight stud-
ies compared CPOE with and without specific 
decision support (all in USA). Eight of the first 
group of studies and all of the second group 
considered outcomes that could be specifically 
related to appropriateness issues such as clini-
cal indicators, length of stay or appropriateness 
of stay. The CPOE systems (both with and with-
out decision support) showed an overall trend 
towards reduced test volume and cost, when 
compared to no CPOE. Overall, fewer tests and 
(when measured) fewer inappropriate tests 
were performed in the decision support group. 
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In addition, the decision support group showed 
a significant reduction in the median time to ap-
propriate treatment for critical results reported 
in one of the randomized controlled trials.

Four of the studies found that CPOE systems 
combined with decision support improved ad-
herence to guidelines provided on the system. 
One of the advantages of CPOE is the ability 
to link electronically to relevant knowledge re-
sources, but care is needed not to make the or-
dering process unwieldy. 

In a UK study of implementation of CPOE (50), 
it was shown to be associated with a reduction 
in the proportion of outpatient appointments 
at which full blood count, urea and electro-
lytes and urine culture tests were ordered and 
at which full blood count tests were repeated. 
However, the system was associated with an al-
most 4-fold increase in the use of urea and elec-
trolytes testing amongst day case patients. 

A recent publication from Turner et al. (51) 
looked at pre-analytical errors from primary 
care during two six-month periods pre- and 
post-implementation of electronic ordering. 
Outcomes measured included whether there 
was correct information on the sample, wheth-
er the correct sample was received and wheth-
er clinical history was provided. There was a 
marked decrease in the number of pre‑analyt-
ical errors following the introduction of elec-
tronic ordering (2764 pre-implementation ver-
sus 498 post-implementation). The error rate 
dropped across all general practices: pre‑im-
plementation error rates ranged up to 5.7% of 
orders, post-implementation error rates were 
less than 0.6%

In 2014, the Association for Clinical Biochem-
istry and Laboratory Medicine and the Royal 
College of Pathologists in the UK proposed ‘Na-
tional Minimum Retesting Intervals in Pathol-
ogy’ (52). The recommendations cover mini-
mum intervals before retesting for common 

tests in clinical biochemistry, therapeutic drug 
monitoring, haematology and immunology in 
specified clinical situations, supported by an 
evidence base. In this context, electronic or-
dering has an advantage over laboratory-based 
interventions as it can prevent inappropriate 
repeat orders at the source prior to phleboto-
my, minimising the inconvenience for patients 
and the burden on phlebotomy staff and labo-
ratory reception staff. Electronic orders can 
also provide links to external sources such as 
diagnostic algorithms and other resource sites 
such as Lab Tests Online (www.labtestsonline.
org.uk), which help the primary care physician 
choose the correct test and explain the result 
to the patient.

Epner and Astion have reported on the use of 
CPOE to reduce diagnostic errors, particularly: 
the use of CPOE templates in a specific care 
testing environment, e.g. diabetes care; the 
incorporation of reflex testing strategies, e.g. 
autoantibody panel after positive ANA test; de-
creasing the number of synonyms for the same 
test; and restriction of ordering of specific tests 
to a defined set of physicians or specialists, e.g. 
medical geneticists (53).

VETTING (RESTRICTION) OF TESTS

Laboratories have the option to vet high cost, 
low volume tests, often those referred to spe-
cialist laboratories, on a individual basis. Fryer 
et al. reduced the number of urine toxicol-
ogy screens from 30 to less than 5 orders per 
month (54), resulting in an annual saving of 
around $48,000. In another study, consultant 
level restriction of a specific test, C-reactive 
protein (CRP), led to an 85% reduction in test 
volume (55). 

In our experience, restriction of CRP and 
ESR ordering with the use of computerized 
decision support led to a 17% reduction of 
orders (unpublished data). Application of 

http://www.labtestsonline.org.uk
http://www.labtestsonline.org.uk
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knowledge-based rules significantly improves 
the appropriateness of test ordering. Some-
times it may be appropriate to use a ‘send and 
hold’ process in which a specimen is sent to the 
laboratory but the test is not performed until 
another initial test result comes back. Flow cy-
tometry is a good example, along with molecu-
lar assays and genetics studies in haematologi-
cal diseases, which can be held until the bone 
marrow aspirate and biopsy is viewed by the 
pathologist and then sent for testing in appro-
priate cases. Using fixed rules as a form of vet-
ting, Srivastava et al. prospectively measured 
the efficiency and effectiveness of reflex and 
reflective testing in specific clinical scenarios 
(56). These approaches improved the diagno-
sis of hypovitaminosis D, hypomagnesaemia, 
hypothyroidism, hyperthyroidism and haemo-
chromatosis, improving both the clinical util-
ity of the laboratory service and the patient 
outcome. 

PROVIDING COST INFORMATION ON 
LABORATORY TEST ORDERING 

Healthcare budgets worldwide are facing in-
creasing pressure to reduce costs and improve 
efficiency whilst maintaining quality. Pathol-
ogy investigations cost the UK National Health 
Service £2.5 billion per year. A review com-
missioned by the UK Department of Health 
estimated that 20% of this could be saved 
by improving utilization of pathology servic-
es, despite the annual increase of 8-10% in 
workload.

The review estimated that 25% of pathology 
tests were unnecessary, representing a huge 
potential waste of resource (57).

A controlled clinical trial at John Hopkins’ Hos-
pital displayed ‘fees’ for 61 random laboratory 
tests in their CPOE. In the ‘active arm’, there 
was an 8.59% decrease in the number of tests 

per patient. In the ‘control arm’, there was a 
5.64% increase (58).

In a similar study involving 215 primary care 
physicians in Massachusetts, Medicare reim-
bursement rate for 27 laboratory tests was 
displayed. In the intervention group there was 
a significant decrease of 19% in ordering rates 
compared to control physicians for 5 tests. In 
addition, the majority (81%) of physicians re-
ported that the intervention improved their 
knowledge of the relative cost of laboratory 
tests (59).

CONCLUSION

Successful management of laboratory test uti-
lization requires the entire laboratory team to 
use their skills and knowledge to identify uti-
lization issues, implement a programme that 
will achieve more effective laboratory testing 
and establish appropriate processes from the 
beginning to the end of the test cycle. This is 
not easy and requires interactions with our 
clinical colleagues that some laboratory work-
ers may find uncomfortable - questioning clini-
cians, and advising that they should not order 
a particular test but another test is more ap-
propriate. Generally, clinicians have few direct 
incentives to restrict laboratory utilization, and 
are not being trained to do so. It is disappoint-
ing that there is so little literature on the ef-
fectiveness of appropriate test utilization on 
patient outcomes, as well as on cost effective-
ness across the whole patient pathway.

“We need to recognise that the target of re-
questing of the test and of the results should be 
the patient. It is the person who actually, in the 
end, is going to have to change their lives and 
start adopting new behaviours….” (Goetz [60], 
adapted).
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The provision of quality laboratory services for patient care 
to improve healthcare outcomes is at the centre of the work 
of the International Federation of Clinical Chemistry and 
Laboratory Medicine (IFCC). However the day to day work 
of laboratory medicine practitioners largely does not in-
volve direct contact with patients. The IFCC Executive Board 
has therefore included in its strategic plan activities to high-
light collaboration with clinical organizations.

A review of IFCC activities demonstrates a wide range of 
such collaborations with international health and clinical or-
ganizations at all levels. The IFCC Executive Board leads such 
collaborations with leading international bodies including 
the World Health Organization and World Association of So-
cieties of Pathology and Laboratory Medicine (WASPaLM). 
The work of the Scientific Division has involved collabora-
tions with 16 clinical organizations at the level of the Ex-
ecutive Committee as well as with specific Committees and 
Working Groups.

Furthermore in recent years the Executive Board has estab-
lished a number of Task Forces with strong interaction with 
clinicians and clinical organizations. The harmonization of 
the assay for haemoglobin A1c is just one example of techno-
logical improvement to not only improve the performance of 
the test for monitoring disease but increase its utility for diag-
nosis which currently involves collaboration with clinicians.

In this issue: The Impact of Laboratory Medicine
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The IFCC is continuing to expand its relations 
with international clinical organizations to en-
hance both the translation of developments 
in laboratory medicine to improve patient 
care and clinical outcomes and their adoption 
into clinical practice via inclusion in clinical 
guidelines. 

INTRODUCTION

The provision of quality clinical laboratory ser-
vices to improve patient care and healthcare 
outcomes is at the centre of the work of the 
International Federation of Clinical Chemistry 
and Laboratory Medicine (IFCC). Included in 
the Mission of the IFCC are statements high-
lighting this goal including working “to en-
hance the scientific level and the quality of 
diagnosis and therapy for patients throughout 
the world” as well as to “build on the profes-
sionalism of our members to provide qual-
ity services to patients.” All of us working in 
Laboratory Medicine are conscious that direct 
contact with patients in our day to day work is 
unusual. Consequently the Executive Board of 
the IFCC has considered as a priority activities 
to enhance the Laboratory Medicine – Clini-
cal interface, aiming to improve the efficacy 
of our practice and to facilitate the translation 
of developments in our field into patient care. 
Within the strategic plan of the 2012-2014 
IFCC Executive Board were two goals: “Devel-
op a plan to increase collaboration between 
IFCC and international clinical organizations” 
and “Establish at least one new collabora-
tion each year with an international clinical 
organization”.

In recent years the IFCC has advocated for lab-
oratory medicine to adopt a strategy focussed 
on the patient to improve clinical effective-
ness and outcomes through activities such as 
clinical interpretation and provision of advice 
on laboratory results. Furthermore, patients 

are increasingly taking more responsibility for 
their own health and are requiring such infor-
mation to influence decisions on their health-
care. Models of healthcare delivery are chang-
ing with the integration of imaging and other 
sources of data into clinical guidelines improv-
ing knowledge to speed up healthcare and im-
prove patient outcomes. One consequence of 
integrated diagnostics is the erosion of tradi-
tional boundaries within laboratory medicine 
and between diagnostic modalities.

THE RANGE OF IFCC CLINICAL 
COLLABORATIONS

The IFCC collaborates at the level of the Execu-
tive Board with international clinical organiza-
tions including the World Health Organization 
(WHO) and the World Association of Societies 
of Pathology and Laboratory Medicine (WASP-
aLM). Collaboration with WHO has increased 
particularly since this organization has recog-
nised the increasing importance of non-com-
municable diseases for health throughout 
the world. Diabetes mellitus is one such dis-
ease and is becoming much more common in 
resource-limited settings. There has been an 
increased understanding of the improvement 
of clinical outcomes associated with effective 
monitoring of blood glucose and haemoglo-
bin A1c (HbA1c) as well as significant changes 
to the diagnostic criteria for diabetes mellitus 
during the past decade. IFCC has pioneered the 
standardization of HbA1c measurement with 
considerable benefit to method comparability 
and the effective monitoring of diabetic pa-
tients. IFCC has also been working with WHO 
to revise a WHO booklet entitled ‘Laboratory 
diagnosis and monitoring of diabetes mellitus’ 
for the use of clinical and laboratory medi-
cine specialists, especially in resource-limited 
settings.
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The IFCC Scientific Division has supervised a 
variety of clinical collaborations undertaken 
by their Committees and Working Groups over 
many years. These have included a wide range 
of clinical disciplines working on specific proj-
ects (Table 1). Current projects include the 
Working Group – Standardization of Albumin 
Assay in Urine (WG-SAU) working in collabora-
tion with the US National Kidney Disease Educa-
tion Program (NKDEP); Working Group – Stan-
dardization of Insulin Assays (WG-SIA) working 
in collaboration with the American Diabetes 
Association and the European Association of 
Diabetes Societies; Working Group – Standard-
ization of Bone Marker Assays (WG‑SBMA) 
working in collaboration with the International 
Osteoporosis Foundation; and the Task Force 
on Chronic Kidney Disease working in collabo-
ration with WASPaLM, Kidney Disease Improv-
ing Global Outcomes (KDIGO) and Asia Forum 
for CKD Initiative. The IFCC has seven Task 
Forces working on integrated projects across 
the Scientific and Education and Management 
Divisions of the IFCC to which numerous clini-
cians have been appointed to provide exper-
tise on the clinical translation of developments 
in laboratory medicine to improve healthcare 
outcomes.

CASE STUDIES ON IFCC CLINICAL 
COLLABORATIONS

1. Chronic kidney disease

Kidney Disease–Improving Global Outcomes 
(KDIGO) is a collaboration between the Interna-
tional Society of Nephrology, the Transplanta-
tion Society, a number of national nephrology 
societies, Canadian national organizations for 
health research and provision of clinical ser-
vices and some pharmaceutical companies. In 
2009 it held a conference to discuss the defini-
tion, classification and prognosis of chronic kid-
ney disease where data from some 1,558,332 
participants ranging across healthy subjects to 
high-risk subjects for kidney disease and pa-
tients suffering from kidney disease were sub-
ject to meta-analyses. Summaries of the data 
and the decisions arrived at from the congress 
were published (1). 

The data indicated that both all-cause mortal-
ity and cardiovascular mortality were strongly 
inversely related to estimated-glomerular fil-
tration rate (eGFR) and independently directly 
related to urine albumin excretion expressed as 
the albumin to creatinine ration (ACR). These 
data allowed for the derivation of clinically 
critical decision limits for these parameters. 

Table 1 Clinical organizations collaborating with the IFCC Scientific Division

World Gastroenterology Organization 

The International Association of Therapeutic Drug Monitoring and Clinical Toxicology 

International Society of Endocrinology 

American Thyroid Association 

International Diabetes Federation 

International Growth Hormone Society 

European Association of Allergy and Clinical Immunology

International Osteoporosis Foundation
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For eGFR a value lower than 60 mL/min/1.73 
m2 was accepted because the hazard ratio for 
mortality increases sharply below this level. For 
urine albumin, cut-offs were adopted at less 
than 30 mg albumin per g creatinine, 30 to 300 
mg/g and greater than 300 mg/g. These values 
were used to develop clinical guidelines for pri-
mary care medical practitioners as well as medi-
cal specialists. 

Collaboration between IFCC WG-Glomerular 
Filtration Rate Assessment and NKDEP had en-
sured the development and adoption of a ref-
erence measurement procedure for creatinine 
in serum or urine utilizing isotope dilution-
mass spectroscopy technology and standard 
reference materials for serum creatinine (2). 
By 2012 KIDIGO was able to recommend adop-
tion of reporting eGFR for the assessment of 
kidney function for all patients calculated with 
the CKD-EPI formula (3) using serum creatinine 
assays aligned to the reference measurement 
procedure. Thus with the availability of appro-
priate clinical data, in collaboration with clini-
cal laboratory professionals and the in vitro 
diagnostics industry, the highest level of clini-
cal practice for the diagnosis and monitoring 
of chronic kidney disease can be made avail-
able to all patients through their primary care 
physicians. 

The next step is to ensure the adoption of 
these practices internationally. In a number 
of countries or regions the leading nephrol-
ogy and laboratory medicine organizations 
have come together to implement these rec-
ommendations. For example, in Australia and 
New Zealand the Australasian Creatinine Con-
sensus Working group was established for such 
an implementation program. This involved 
nephrologists (through Kidney Australia) and 
laboratory medicine practitioners (through 
the Royal College of Pathologists of Australasia 
and the Australasian Association of Clinical 
Biochemists, the member society representing 

the region within the IFCC). Manuscripts were 
published in the Medical Journal of Australia, 
the official publication of the Australian Medi-
cal Association, reporting on automatic report-
ing of estimated glomerular filtration rate and 
clinical interpretation of results (4) as well as 
chronic kidney disease and measurement of 
albuminuria or proteinuria (5). Consequently 
Australasian clinical laboratories have adopt-
ed the following practices to ensure optimal 
treatment for diagnosis and monitoring of 
chronic kidney disease at all levels of medi-
cal practice but especially at the level of the 
primary care practitioner: standardized creati-
nine assays; common units for reporting cre-
atinine and eGFR; universal reporting of eGFR; 
standardized interpretation of results; univer-
sal definition of CKD according to eGFR and 
urine albumin:creatinine ratio values; a link 
between laboratory results and interpretation 
and clinical management of the patient; and 
finally, communication of nephrology special-
ist advice to primary care practitioners via the 
clinical laboratory result report, allowing pa-
tients to receive the highest quality of medi-
cal treatment for CKD from their primary care 
physician close to their home.

While adoption of these recommendations 
is widespread across North America, Europe, 
Australasia and parts of Asia, in other regions 
such clinical collaborations have not yet oc-
curred. Therefore the IFCC, in collaboration 
with WASPaLM, has established a Joint Task 
Force to help national organizations to imple-
ment best clinical practice guidelines for the 
management of CKD. At this level, a major ob-
stacle is effective communication between all 
stakeholders. Ensuring traceability of creati-
nine assays to recognized international refer-
ence materials using reference measurement 
procedures has been adopted by the estab-
lished major international in vitro diagnos-
tic (IVD) equipment and reagent providers. 
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However, there are currently approximately 
100 IVD companies who provide reagents and 
instruments for creatinine measurements in 
clinical laboratories and therefore there is con-
siderable work to be done to ensure all these 
assays meet the quality requirements for opti-
mal clinical care.

2. Postmenopausal osteoporosis

Osteoporosis is highly prevalent with some 
50% of women and 30% of men over the age 
of 60 years expected to experience a fracture, 
which imposes considerable morbidity and 
premature mortality on our aging populations. 
Treatment of these fractures and their con-
sequences, such as loss of the ability to live 
independently, results in the largest costs on 
healthcare budgets of any medical condition. 
The ability to identify patients at increased risk 
of fracture and those who are not respond-
ing to treatments would be a great benefit. 
Bone turnover markers have been in use in 
research settings and by medical specialists 
for over 50 years with the aim of identifying 
appropriate biomarkers. While many markers 
show promise, no consistent data have been 
generated from clinical research either to al-
low interpretation of bone turnover measure-
ments for the individual patient at the level of 
the primary care physician or to permit bone 
turnover markers to be incorporated in clinical 
guidelines for osteoporosis. Recognizing the 
clinical importance of improving osteoporosis 
care, the International Osteoporosis Founda-
tion (IOF) and the IFCC agreed to collaborate 
on investigations of the role of bone turnover 
markers, if any, in clinical management and a 
Joint Working Group between IOF and IFCC 
(WG-BMSO) was established. 

The WG undertook the evaluation of current 
data and review of publications between 2000 
and 2010 (6), aiming to recommend particu-
lar bone turnover marker assays for standard 

clinical practice. Some 7 bone formation mark-
er assays are available for clinical laboratories 
as reagent kits or available on automated clini-
cal chemistry platforms and 8 bone resorption 
marker assays are similarly available. Some 
clinical data suggested that these assays were 
useful for both prediction of fracture risk and 
for response to treatment. However there is 
significant variation between studies, and the 
data were largely of low quality and restricted 
to European populations. Therefore current 
data are inconclusive with regard to interpreta-
tion of assay results for the individual patient. 

The WG concluded that it was necessary to 
enlarge the experience with a limited number 
of designated bone turnover marker assays for 
fracture risk assessment in population-based 
studies in subjects of a variety of ethnicities as 
well as for monitoring response to osteoporo-
sis treatments. Furthermore, consensus was 
reached that there is no evidence identifying 
a perfect bone turnover marker. Criteria for 
an ideal marker have been delineated, includ-
ing the following: adequately characterized 
biologically and chemically; anatomical speci-
ficity for bone; high performance in fracture 
risk prediction and in monitoring osteoporosis 
treatments among women and men; widely 
available on automated platforms and not the 
monopoly of a single supplier; assays to dem-
onstrate suitable biological and analytical vari-
ability, sample handling, stability and ease of 
analysis; and finally, assays that are available 
for analysis from blood specimens. Two bone 
turnover markers, C-telopeptide fragments of 
collagen type 1 α1 chains, also known as se-
rum Crosslaps (CTX-1), assayed in plasma or 
serum as an assessment of bone resorption, 
and N-terminal Propeptide of Type 1 Procolla-
gen (P1NP) assayed in serum as an assessment 
of bone formation best met these criteria and 
were recommended to be assessed in all fu-
ture clinical trials. 
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Between 2010 and 2011, the National Bone 
Health Alliance (a North American collabora-
tion between clinical organizations involved 
with the clinical management of osteoporosis), 
pharmaceutical companies and organizations 
representing laboratory medicine (American 
Association of Clinical Chemistry) also con-
ducted a review of the scientific literature (7). 
Their conclusions were similar, recommending 
collecting further clinical research data for the 
bone turnover markers CTX-1 and PINP.

Currently these assays are available on auto-
mated platforms from two manufacturers: Im-
munodiagnostics Systems Ltd (IDS) iSYS® and 
Roche Diagnostics Cobas®. If data from clini-
cal trials are to be combined to conduct me-
ta-analyses for assessment of the efficacy of 
bone turnover marker levels, the values gener-
ated by these platforms must be comparable. 
Currently for CTX-1 there are conflicting pre-
liminary data, while data for PINP suggest that 
these values are comparable from the two sys-
tems. A second Joint Working Group between 
the IOF and the IFCC has been established to 
define the comparability of assays for CTX‑1 
and PINP (WG-SBMA) and to harmonize or 
standardize as feasible if they are not compa-
rable. This project is currently underway in col-
laboration with the NBHA.

CONCLUSIONS

The IFCC is participating in a range of collabo-
rations with clinical organizations based on 
specific projects. Such projects arise from de-
veloping requirements for optimal healthcare 
delivery and improved patient outcomes. For 
some well-established biomarkers clinical utili-
ty is being improved by, for example, standard-
ization of the various assays used in clinical 
laboratories to ensure the optimal application 
of clinical guidelines based on critical levels 
for these biomarkers. The examples of serum 

creatinine and urine albumin for the diagnosis 
and assessment for the clinical management of 
chronic kidney disease are examples. For new 
biomarkers, the goal of these collaborations 
is the appropriate clinical application and de-
velopment of clinical guidelines incorporating 
biomarker values. The use of cardiac troponins 
for the diagnosis of acute cardiac syndrome 
is an example. Other projects are working to 
establish the appropriate status of biomarker 
assays such that their clinical efficacy can be 
investigated. Bone turnover markers in the di-
agnosis and management of osteoporosis are 
an example of this activity.

The IFCC is actively promoting collaborations 
with clinical organizations to enhance the con-
tribution of laboratory medicine in healthcare 
delivery, clinical effectiveness and patient out-
comes. These goals are achieved through a pa-
tient-focussed strategy by increasing the qual-
ity of laboratory medicine practice to improve 
patient safety and clinical usefulness; ensuring 
the timely presentation of clinical laboratory 
results and provision of appropriate clinical in-
terpretation and advice; and maintaining the 
financial sustainability of laboratory medicine 
by improving cost effectiveness, ensuring the 
appropriate use of the laboratory and provid-
ing value for money.
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Background: The World Health Organization–World Alli-
ance for Patient Safety has identified test result manage-
ment as a priority area. Poor test result follow-up can 
have major consequences for the quality of care, including 
missed diagnoses and suboptimal patient outcomes. Over 
the last three decades there has been considerable growth 
in the number of requests for pathology and radiology ser-
vices which has added to the complexity of how patient 
care is delivered and test results are managed. This can 
contribute to a lack of clarity about where and with whom 
responsibility for test follow-up should reside: a problem 
that is compounded by a lack of clear definitions about 
what are critical, unexpected or significantly abnormal 
results.

Aim of this paper: This paper will present a narrative review 
highlighting key issues related to the problem of failure 
to follow up laboratory test results, and outline potential 
solutions. 

Conclusions: Information technology (IT) has the poten-
tial to enhance the performance and safety of test result 
management processes. Effective solutions must engage 
all stakeholders, including consumers, in arriving at deci-
sions about who needs to receive results, how and when 
they are communicated, and how they are acknowledged 
and acted upon and the documentation of these actions. 

In this issue: The Impact of Laboratory Medicine
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Meeting these challenges requires the establish-
ment and maintenance of resilient governance 
approaches and a culture dedicated to ensuring 
the reliability and safety of patient care.

INTRODUCTION

The World Health Organization–World Alliance 
for Patient Safety has identified poor test result 
management as a priority patient safety area 
(1). Poor test result follow-up can have major 
consequences for the quality of care, includ-
ing missed diagnoses and suboptimal patient 
outcomes. A root cause analysis of aggregated 
information from a national Australian inci-
dent management information system showed 
that 11% (3/27) of clinical incidents resulting 
in a serious outcome (e.g., patient death), and 
32% (24/75) of clinical incidents with major 
patient-related consequences, were related 
to problems with test follow-up (2). Clinicians 
themselves acknowledge that their test man-
agement practices are inefficient (3). The ur-
gency of the problem was underscored by the 
US Emergency Care Research Institute’s (ECRI) 
2014 report on patient safety concerns for 
health care organizations (4). The report listed 
data integrity failures associated with health 
information systems, poor care coordination 
across levels of care and test result reporting 
problems as the leading three items of their 
top 10 patient safety concerns (4). Each of 
these problems is intrinsically connected to 
the issue of poor test result follow-up. 

A systematic review published in 2011 (5) 
identified 12 studies over a 20 year period 
which investigated the extent of failure to fol-
low up laboratory and radiology results for 
hospital patients. The review reported the 
lack of follow-up of test results for hospital-
ized inpatients ranged from 20.04% to 61.6%, 
and 1.0% to 75% for patients treated in the 
Emergency Department (ED), when calculated 

as a proportion of tests. The consequences of 
missed test results for patient care included 
delayed diagnoses such as malignancies, hy-
pothyroidism, hyperthyroidism, and osteopo-
rosis, reinforcing the urgent need to address 
the problem. In situations involving missed 
microbiological results consequences includ-
ed failure to commence or change antibiotic 
therapy. The review also highlighted that there 
were cases of missed positive serological test 
results for Helicobacter pylori and Chlamydia 
and in the latter the patient subsequently de-
veloped pelvic inflammatory disease (5). An-
other systematic review which quantified the 
extent of failure to follow up test results in 
ambulatory care settings (6) identified 19 stud-
ies and reported wide variation in the propor-
tions of tests not followed up: 6.8% to 62% for 
laboratory test results and 1.0% to 35.7% for 
radiology (6). These failings included missed 
cancer diagnoses in four of the seven studies 
reporting on the impact on patient outcomes 
(6). Increased hospital presentations resulting 
from hyperkalaemia related to missed abnor-
mal serum potassium levels and adverse drug 
events related to insufficient supplementation 
with levothyroxine due to missed follow-up of 
abnormal TSH results were examples of other 
reported negative patient outcomes.

Results pending at discharge was identified 
as an area of particular concern for hospital-
ized patients (5). A 2012 study of test orders 
in an Australian hospital revealed that 47% 
of missed results stemmed from tests or-
dered on the day of discharge, which raises 
concerns about the appropriateness of those 
tests where results are not followed up (7). 
The systematic review of missed test results 
for hospital patients also flagged follow-up of 
critical results as a problem area (5). Despite 
practice guidelines requiring critical values to 
be telephoned to the clinical team, compli-
ance remains an issue and information may 
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not always reach the clinician involved in the 
patient’s care. Several studies report the ab-
sence of guidelines regarding responsibility 
for patient notification, and documentation 
of actions related to test follow-up (8-12). The 
management of test results involves commu-
nication between many individuals, including 
physicians, nurses, clerical and laboratory staff 
and patients, across a variety of settings using 
a range of manual and electronic systems. The 
systematic reviews (5, 6) identified varying test 
management practices between care settings 
and the information systems used in the pro-
cess included paper-based, electronic, and a 
combination of paper and electronic systems. 
Information technology (IT) has a key role to 
play in supporting the management of test re-
sults in terms of ordering, reporting, accessing 
and tracking follow-up with documentation of 
actions. However, evidence of the effective-
ness of IT is limited although studies show a 
general trend towards improved test follow-up 
when electronic systems are used (5, 6). New 
models of test management supported by IT 
can only succeed when a systems approach is 
adopted which recognises the complex clinical 
governance challenges associated with safe 
test management (13). The two systematic 
reviews on test follow-up for hospitalized and 
ambulatory patients identified evidence that 
failure to follow up test results is a substantial 
problem, but with only 31 studies conducted 
across a span of 20 years (5, 6) the evidence 
base is not substantial. What is particularly 
lacking is evidence of potential interventions 
to support clinicians and patients to reduce 
the rates and thus risks associated with fail-
ure to follow up test results. Further studies 
are urgently needed to evaluate solutions such 
as on-line endorsement/acknowledgment of 
test results and particular attention must be 
paid to the integration of solutions with work 

practices of clinicians and laboratories and the 
needs of consumers.

ENHANCING THE QUALITY AND SAFETY 
OF TEST RESULT MANAGEMENT

Harmonization of test result management 

Pathology and medical imaging services per-
form a major role in the delivery of patient 
care by ensuring that reliable and accurate 
results are delivered in a timely fashion to in-
form clinical management decisions (1). One 
of the main errors associated with delayed 
follow-up of pathology and medical imaging 
results originates in the post-analytic phase 
of the testing process, or once a report or 
test result has been issued to the requesting 
(or referring) doctor. Failures in this phase are 
linked to a lack of clarity about where and with 
whom responsibility for test result follow-up 
should reside (14), and clear definitions about 
what are critical, unexpected or significantly 
abnormal results. There is also no consensus 
regarding the reporting timeframe for these 
abnormal results between laboratories, medi-
cal imaging departments, hospitals and other 
health care settings (15). A 2012 survey of test 
result management in Australasian laborato-
ries, conducted by Campbell and Horvath (16), 
revealed large variations in how critical results 
are managed and the failure of laboratories 
to uniformly follow internationally-recognised 
guidelines. Out of a total of 58 participating 
laboratories across Australia, New Zealand, 
and Hong Kong, 97% included critical results 
and 81% incorporated significantly abnormal 
results in their critical limit list. Only 41% of 
laboratories stated that they compiled their 
list in consultation with doctors, even though 
this is an accreditation requirement specified 
by the ISO 15189 quality management system 
standard for medical laboratories. In this pa-
per the authors also stated that there was a 
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subjective element in the compilation of criti-
cal limit lists and this was a factor in the sub-
stantial variation in range of values between 
institutions(16). Inconsistent policies also ex-
isted between laboratories regarding critical 
result notification procedures, including the 
identification of critical results, timeliness of 
reporting critical results, how critical results 
are notified, to whom the result is notified, and 
the acknowledgement of results receipt (16).

Evidence-based recommendations in this area 
(15-18) emphasise the importance of clear def-
initions of key terms and the need for agreed 
alert thresholds and timeframes and specified 
procedures for fail-safe communication of test 
results that pose critical or significant risk to pa-
tient safety. Many doctors describe existing test 
result management systems as inefficient and 
chaotic (3, 19). It is an important issue faced by 
pathology and medical imaging departments 
world-wide (15), and requires establishment of 
standardized pathology information structures 
and terminologies to improve recording, deci-
sion support and communication of laboratory 
information (18). 

Information technology initiatives

IT offers solutions to enhance the performance 
and safety of test result management process-
es. The process of identifying missing test re-
sults can involve time-consuming and cumber-
some audits involving paper (and electronic) 
records (20). In such cases, the identification 
of missed test results may be too late to have 
any positive effect on patient safety (5). IT sys-
tems can be used to track pending test results 
at hospital discharge (21), deliver result alerts 
and document test result acknowledgement 
and subsequent clinical actions (22). An on-
line test result endorsement function provides 
an auditable trail of test follow-up actions and 
as such provides a continuous quality audit 

capability which can be used by clinicians and 
management (5). 

The existence of hospital data silos and poor 
integration of electronic systems remains a 
well-documented problem and major patient 
safety hazard in Australia and internationally 
(23). The establishment of integrated electron-
ic data sources is a key component for safely 
monitoring, identifying and acting upon any 
instances of failure to follow up test results, 
to ensure that appropriate treatment is deliv-
ered (24). The use of hybrid medical records, 
that is paper and electronic systems, has been 
shown to be associated with errors and du-
plications compared to complete electronic 
systems (25, 26). In relation to test follow-up, 
the use of a partial electronic medical record 
(eMR; paper based progress notes and elec-
tronic test results or vice versa) was shown to 
be associated with higher rates of failure to 
inform patients of clinically significant results 
compared to using a complete manual or elec-
tronic system (8).

Successful implementation of IT must recog-
nise the dynamic between the technology 
and the complex social environment in which 
healthcare is delivered (27). Management of 
test results needs to ensure that the require-
ments of clinicians in different clinical settings 
need to be taken into account. Sittig and Singh 
(28) have made recommendations which aim 
to reconcile the social (personal, workflow, 
organizational) and technical (hardware/soft-
ware, clinical content, user interface) elements 
of test result follow-up in the clinical environ-
ment to facilitate correct use of eMR-based 
IT initiatives and realization of potential ben-
efits. These recommendations include: the 
provision of standardized clear definitions of 
test result categories to facilitate prioritization 
(flagging of significantly abnormal test results) 
and electronic reporting; that physicians be 
trained to process test result notifications in 
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a timely manner and consistently document 
all follow-up actions in the eMR, as multiple 
sources of documentation may lead to a break-
down in communication of test results and 
follow-up failure; and that responsibility for 
test result follow-up and communication un-
der all clinical circumstances should be clear, 
formally documented and regularly reviewed, 
and understood by all professional parties con-
cerned (28). The Safer Self-Assessment Guides 
(29) also recommend that automated result 
alerts should be limited to those that are clini-
cally relevant to avoid information overload or 
“alert fatigue”, and all test ordering should be 
completed using Computerized Provider Order 
Entry systems to allow access to tests electron-
ically and avoid the creation of hybrid informa-
tion environments. 

Establishment of a safety and quality 
governance structure and culture 

Tackling the issue of test result follow-up re-
quires the establishment and maintenance of 
integrated governance systems and a culture 
dedicated to ensuring the reliability and safety 
of patient care. Effective clinical governance 
systems require integration across all parts of 
an organization. This involves the clear delin-
eation of responsibilities and workforce ac-
countability, along with systems to monitor 
progress and deal with any risks or impedi-
ments (30). The US Joint Commission Journal 
on Quality and Patient Safety, “Safe Practice 
Recommendations for Communicating Critical 
Test Results,” outlines this process as starting 
with the identification of the ordering or re-
sponsible provider as the person who should 
receive results, followed by the person the 
result is directed to if the ordering provider is 
not available, to ensure that patients receive 
timely clinical attention (17).

A 2014 study investigated the successful imple-
mentation of an electronic test management 

system at a major Australian hospital (24). The 
system provided an electronic safety net based 
upon a test management governance model. 
This system ensures that, if the responsible 
medical officer who ordered a test does not 
acknowledge the receipt of a test result within 
3 days, a notification-escalation process is set 
in motion so that as each day passes, email 
or pager alerts are sent to increasingly senior 
members of the hospital staff. This process be-
gins with the clinical unit’s designated medical 
officer (day 4), and then escalates to the clini-
cal unit support supervisor (administration or 
medical) (day 5), clinical unit director (day 7) 
and division director (day 10). This process en-
abled the ongoing monitoring of test results 
and allowed delays in test result follow-up to 
be identified and remedied in a timely fashion. 
Evaluation of the system identified that over a 
period of one year all test results had been ac-
knowledged, with 60% of laboratory and 44% 
of medical imaging results acknowledged with-
in 24 hours of result availability (24). 

Enhancing the role of consumers 
in test result access 

The engagement of consumers in their health 
care is an important trend in Australia and in-
ternationally. It is increasingly acknowledged 
that the benefits of increased consumer en-
gagement encompass better quality and safer 
health care practice (31, 32). Consumer in-
volvement is particularly relevant to test result 
management, where failure to inform patients 
of test results has been described as legally in-
defensible in malpractice claims (33). Hospital 
eMRs can be used to provide consumers with 
access to information on-line using a secure 
electronic patient portal, which in addition to 
allowing access to appointment and personal 
clinical information, including test results, also 
facilitates communication with health profes-
sionals (34, 35). 
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Patients have regularly expressed interest in 
being involved in medical decision making 
and in being notified of their test results, both 
abnormal and normal (36). It has also been 
argued that sharing information and engag-
ing patients to take responsibility for follow-
up lead to improvements in the efficiency and 
effectiveness of the laboratory test process 
(e.g. decrease in test redundancy) (37). How-
ever, there are major obstacles which hinder 
the active involvement of consumers in test 
follow-up, including a lack of access to both 
clinical information and tools and checklists 
that help consumers understand and engage 
in their own care (33). Clinicians do not agree 
on the level and timing for consumers to have 
access to their test results (38); clinical un-
ease may also be related to the impact that 
direct patient access to test results has on the 
traditional physician role and authority as the 
information gatekeeper (36). Concerns about 
patient anxiety, confusion and lack of exper-
tise to appropriately interpret their test results 
have also divided physicians in their attitudes 
toward direct patient notification of test re-
sults (39, 40). This contrasts with the findings 
of a quasi-experimental pilot of a patient por-
tal (41) in primary care practices across three 
regions in the United States which found that 
only a very small proportion of patients (1% 
to 8%) experienced confusion or worry when 
directly accessing their electronic notes, and 
77% to 87% across the three sites reported 
that Open Notes helped them feel more in 
control of their care. All participating physi-
cians also expressed a willingness to continue 
use of the portal. However, generalizability of 
the study was limited by sampling bias as all 
participants were volunteers who responded 
positively in their attitudes and expectations 
of the patient portal administered pre-study 
(41).

Evidence of patient portal use and impact 
has been, in general, limited and inconclu-
sive (34, 35, 42, 43), as patient portals are 
relatively new technology and the health care 
community has only begun to understand 
how they can engage with this innovation to 
optimize care delivery, outcomes and patient 
engagement (44). A recent systematic review 
examining the effect of patient portals on 
clinical care concluded that there was insuffi-
cient evidence to determine whether patient 
portals had a positive, negative or neutral 
impact, although patient outcomes and satis-
faction appeared positive when portals were 
integrated within a larger case management 
program (42). The review highlighted impor-
tant gaps in the literature, advocating stud-
ies that look at context and implementation 
factors. Patient race and ethnicity, education 
level or literacy, and degree of comorbid con-
ditions may influence portal use. The review 
identified disparities between patients who 
access portals and those who do not, and 
described instances of suboptimal patient 
attitudes of their worth. It suggests that in-
creased acceptance will require attention to 
overcoming these disparities and addressing 
usability and patient-perceived value to en-
gage certain populations that are not read-
ily embracing personal health record systems 
(42). 

CONCLUSION

Failure to follow up laboratory test results is 
a significant concern and a priority patient 
safety area. The issue of missed test results 
is multi-dimensional, and involves a number 
of interconnected issues encompassing both 
test result management practices and the 
systems involved in the process. An examina-
tion of existing research has revealed a lack of 
consistency in how test results are managed 
in the post-analytic laboratory testing phase, 
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including variations and ambiguity in poli-
cies regarding result notification procedures, 
identification of critical results, timeliness of 
results reporting, and acknowledgement of 
result receipt. Evidence of the impact of IT on 
improving the safety of the test result man-
agement process has also been inconsistent 
with few published evaluations to date. Elec-
tronic systems have yet to overcome issues 
with integration and hospital information si-
los, whilst partial uptake of the eMR has re-
sulted in hybrid paper and electronic systems 
which may add to the risk of missed test re-
sults. Improving the safety of test result man-
agement through IT initiatives involves the 
establishment of a fully integrated electronic 
system that is implemented as a component 
of the solution alongside appropriate clini-
cal and organizational governance elements. 
The success of IT interventions is intrinsically 
linked to resilient management arrangements, 
attention to clinical governance and commit-
ment to robust evaluation practices which ad-
dress issues with laboratory test management 
work practices and guidelines at the post-ana-
lytic testing phase. The empowerment and en-
gagement of consumers in the management 
of their own healthcare data will further the 
move towards a culture which delivers reli-
able and safe patient care (32).
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The ultimate goal of diagnostic testing is to guide disease 
management in order to improve patient outcomes and pa-
tient well-being. Patient populations are rarely homogenous 
and accurate diagnostic tests can dissect the patient popula-
tion and identify those patients with similar symptoms but 
very different underlying pathophysiology that will respond 
differently to different treatments. This stratification of pa-
tients can direct patients to appropriate treatment and is 
likely to result in clinical benefits for patients and economic 
benefits for the healthcare system. In this article we look 
at the clinical and economic benefits afforded by clinical 
laboratory diagnostics in three disease areas that represent 
substantial clinical and healthcare burdens to society; heart 
failure, Alzheimer’s disease and asthma. 

The relative spend on diagnostics compared with pharma-
ceuticals indicates that diagnostic tests are underappreciat-
ed in relation to the medical and economic value that they 
deliver. Clinical laboratory diagnostics should be viewed as 
a pivotal part of the healthcare system and valued accord-
ingly. The skills available in clinical laboratories around the 
world should be harnessed to ensure the continued devel-
opment of accurate tests that inform the healthcare com-
munity with respect to the pathophysiology of disease and 
facilitate the screening, diagnosis, appropriate treatment 
and monitoring of patients
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INTRODUCTION

Clinical laboratory diagnostics are central to the 
integrated management of many different dis-
eases. Without accurate diagnosis, appropriate 
treatment is not possible. However, the central 
role of clinical diagnostics is often underappre-
ciated because the impact on patient care is not 
as readily apparent as medical intervention. 

European expenditure on diagnostic proce-
dures represents just 0.8% (€10.8 billion) of 
total healthcare expenditure (~€1,350 billion). 
Moreover, patients across Europe have unequal 
access to in vitro diagnostics because resources 
spent on these tests vary from €3.6 (Romania) 
to €43.5 (Switzerland) per capita per annum [1]. 
This expenditure belies the importance of clini-
cal diagnostics, which is said to influence more 
than 60% of clinical decision making. Accurate 
diagnosis, based on detection of biomarkers and 
other tests, with subsequent guided therapy can 
result in clinical benefits for patients and eco-
nomic benefits for the healthcare system [2,3]. 
As the population expands and ages, clinical lab-
oratory diagnostics can help to reduce the asso-
ciated healthcare costs by directing care and re-
sources to those who are most likely to benefit. 

Although automated platforms have acceler-
ated the testing procedure and reduced the 
necessary labour intensity, many tests still re-
quire highly trained, skilled clinical scientists to 
interpret the results and relay these effectively 
to the clinician responsible for a patient’s care. 
These clinical scientists should be viewed as 
highly valued members of the broader health-
care team.

The purpose of this article is to highlight the val-
ue of the diagnostic work conducted by clinical 
laboratories from two key perspectives; clinical 
and economic. The impact of clinical labora-
tory diagnostics is examined in three key areas; 
heart failure (HF), Alzheimer’s disease (AD) and 
asthma.

IMPACT OF DIAGNOSIS ON UNDERSTANDING 
MEDICINE: HOW LESSONS FROM THE PAST 
ENABLE TREATMENT IN THE FUTURE 

An understanding of diseases has always been 
fostered by a better understanding of under-
lying causes. In one of the earliest examples, 
diabetes mellitus (meaning ‘honey-like’), was 
able to be separated from diabetes ‘insipidus’ 
(meaning ‘tasteless’) based on the observation 
that ants are attracted to the urine from a pa-
tient with diabetes mellitus [4,5]. Such an indi-
vidual and definitive diagnosis is fundamental 
in separating patients with similar symptoms 
into subgroups with very different underlying 
pathophysiology.

Understanding how these diseases develop is 
key to appropriate patient management. It im-
proves understanding of clinical symptoms and 
in turn improves early and accurate diagnosis 
of disease through the identification of at-risk 
groups. This is a progressive, iterative process 
with individual developments continually refin-
ing the initial wider spectrum diagnosis. 

Asthma is an example of progressive refinement 
of diagnosis. Traditionally treatment of asthma 
has largely been symptomatic with increases in 
symptoms leading to escalation of therapy, with 
no knowledge or understanding of the different 
pathological causes responsible for symptoms 
in different patient groups. As a consequence, 
the cause of symptoms was not addressed and 
treatment response was suboptimal. Subse-
quent recognition that asthma patients can be 
eosinophilic or non-eosinophilic based on the 
presence or absence of sputum eosinophilia is 
leading to a better understanding of response 
to treatment in these patients [6]. However, this 
necessitates sputum testing for eosinophilic 
status becoming more widely accepted so that 
patients more likely to respond to therapy can 
be identified. 
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More recently further dissection of the patient 
population based on observed heterogeneity of 
interleukin-13 (IL-13) expression has identified 
a group of patients with high levels of periostin 
who are more likely to respond to therapy with 
lebrikizumab, an anti-IL-13 medicine currently 
in Phase III clinical development [7].

AD, the most frequent cause of dementia [8,9], 
may be a further example of such refinement. 
One characteristic of AD is the presence of 
amyloid-beta plaques. In the past a definitive 
diagnosis could only be made through identi-
fication of these plaques at autopsy, although 
more recently there has been a shift towards in 
vivo diagnosis based on amyloid-binding posi-
tron emission tomography (PET) tracers and 
cerebrospinal fluid (CSF) biomarkers. However, 
studies comparing clinical diagnosis and autop-
sy findings have shown that an incorrect diag-
nosis is made in as many as 12−23% of cases 
[10], and up to 32% of patients with clinically 
probable AD have shown no amyloid pathol-
ogy on PET [11−13]. The potential impact of 
this was observed in the EXPEDITION 1 and 2 
studies, which investigated the use of the hu-
manized analogue of the murine antibody, so-
lanezumab, in patients with mild-to-moderate 
AD [14]. In this study, there was no significant 
improvement in cognition or functional ability. 
However, 22% of the patient population did not 
meet the cut-off for being amyloid positive [15] 
and probably did not have AD. This may have 
diluted the efficacy. Using a biomarker like amy-
loid-beta it is possible to identify a purer popu-
lation of the specific disease and gain an under-
standing of their disease progression and ability 
to be targeted with specific therapies, such as 
anti-amyloid therapy, that may be effective in 
this selected population. In fact, a subanalysis 
of these patients has demonstrated a trend to 
respond in amyloid-beta-enriched patients and 
the ongoing EXPEDITION 3 study is looking into 
this further [NCT01900665].

The understanding of the role of the specific 
Tau proteins in disease progression may fur-
ther aid the understanding of the pathophysi-
ological causes of AD. Stronger investment into 
biomarker research and provision of these bio-
markers to physicians in the form of reliable and 
accessible diagnostic tools may be an effective 
route to developing a better understanding of 
the disease and ultimately help to develop more 
specific and effective therapies. For this reason 
the imbalance of expenditure on diagnostics 
and interventional drugs needs to be reduced. 
Diagnostics needs to play a more prominent 
role in medicine and these innovations should 
receive greater recognition by the healthcare 
community.

HEALTH ECONOMIC IMPACT: 
HOW THIS IS MEASURED

Problems central to the provision of health-
care include the scarcity of resources and the 
need to contain costs within healthcare systems 
against a background of increasing demand as 
a result of an ageing population, poor diet, in-
creasing rates of obesity and other healthcare 
megatrends. Since the 1960s, expenditure on 
healthcare has risen faster than the general rate 
of inflation [16].

Health economic evaluations help decision 
makers to allocate scarce resources based on 
cost vs benefit. This mainly involves undertak-
ing prospective and retrospective comparative 
studies and/or economic modelling [17]. Eco-
nomic modelling falls into four major catego-
ries: cost minimization, cost-effectiveness, cost 
utility and cost-benefit analysis. Analysis can 
be performed from different perspectives; so-
cietal/economic perspective, healthcare system 
perspective, social insurance perspective or 
from the perspective of specific providers, such 
as hospitals. In general, choice of comparator 
must be appropriate for the specific analysis. 
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Costs are usually described in monetary units, 
while associated benefits are described in terms 
of quality-adjusted life years (QALYs) gained or 
lost [17]. The relationship between the two is 
the incremental cost-effectiveness ratio (ICER). 
Threshold values for ‘willingness to pay’ (e.g. 
approximately £20−30 k/QALY gained in the UK) 
could inform decision makers as to whether the 
technology in question is ‘good value for mon-
ey’, keeping in mind the budgetary implications 
on the healthcare system.

Health economic evaluation of diagnostic tech-
nologies is complex, involving combined mod-
elling of diagnostics and treatment, timing of 
tests and different test cut-off points, and is fur-
ther complicated by the lack of universally ac-
cepted general guidelines and methodologies. 

IMPACT OF CLINICAL LABORATORY 
DIAGNOSTICS: CLINICAL 
AND ECONOMIC PERSPECTIVES

Without reliable diagnostic tests appropriate 
clinical decisions cannot be made. Point of care 
tests allow these decisions to be made within 
hours, if not minutes. A single test can identify 
the need for additional tests, indicate that fur-
ther tests are futile, or be sufficient to rule-out 
a disease and discharge a patient. They can be 
used to monitor treatment progress and to in-
dicate when or whether treatment should be 
initiated or stopped as well as informing the 
optimal dose or treatment frequency needed 
to achieve a desired therapeutic effect in an in-
dividual patient.

A diagnosis based solely on clinical symptoms, 
as described above, can lead to the wrong con-
clusion. Laboratory diagnostics provide an ob-
jective measure. This is particularly important 
in areas where key symptoms are non-specific, 
such as dyspnoea or headache, and where di-
agnosis is problematic based on clinical history 
alone. Dyspnoea is one of the most common 

symptoms. It is also one of the most non-spe-
cific; the online diagnostic tool, DiagnosticPro, 
lists close to 500 causes of dyspnoea, which can 
be challenging to distinguish between. Labora-
tory diagnostics, together with the clinical as-
sessment, can give a definitive answer, or at 
least narrow down the options. For example, al-
though acute coronary syndrome usually pres-
ents as dyspnoea associated with chest discom-
fort, it may typically present as dyspnoea alone. 
In this circumstance, cardiac markers are im-
portant for diagnosis and directing treatment. 
Nowadays, diagnostic tests can be performed 
at a centralized laboratory, in hospital, in the 
clinic, and at work or home, offering flexibility 
around clinical decision making.

Diagnostic tests have the ability to safeguard 
public health as well the health of an individual 
by providing rapid information during public 
health emergencies to confirm the presence of 
infectious disease, triage and treat accordingly. 
Evidence-based clinical practice guidelines are 
increasingly recommending the use of specific 
diagnostic tests because of their role in inform-
ing healthcare decision making.

Clinical diagnostics allow for the stratification 
of patients with heterogeneous diseases to en-
able targeted therapy for patients most likely to 
respond. Not only can diagnostic tests in some 
cases predict therapeutic efficacy, but they may 
also predict those who are more likely to experi-
ence adverse events. Thus, they inform the risk: 
benefit trade-off that is central to healthcare. 

The real health economic benefit of clinical lab-
oratory diagnostics is evident when the impact 
on tertiary care is examined. In particular, clini-
cal laboratory diagnostics can be used effective-
ly to triage patients to the appropriate level of 
care with a related reduction in costs associated 
with hospitalisation [3]. Additional cost benefits 
of clinical laboratory diagnostics may be real-
ized through a reduction in the number needed 
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to treat, a reduction in drug costs associated 
with identifiable non-responders, avoided costs 
from predictable side effects, improved compli-
ance and persistence and improved health out-
comes [18]. Thus, clinical laboratory diagnostics 
play a key role by influencing the quality of pa-
tient care, health outcomes and downstream 
resource requirements. These considerations 
will become more and more important as the 
global population expands and ages. Using the 
example of AD, with an estimated projected 
worldwide patient population of 115 million by 
2050 [8], employing a diagnostic test to exclude 
the proportion of patients unlikely to respond 
to therapy alone has the potential to drastically 
reduce associated healthcare costs.

The clinical benefit of an accurate diagnosis is 
apparent for all diseases. An associated health 
economic impact is most relevant in diseases 
that are highly prevalent or resource-intensive 
to manage. Three examples are HF, AD and 
asthma.

CLINICAL AND HEALTH ECONOMIC 
IMPACT OF LABORATORY DIAGNOSTICS 
IN HEART FAILURE

HF is one of the most costly medical conditions 
to manage, due to high prevalence and fre-
quent and prolonged periods of hospitalization; 
in the US, in patients aged 18−64, each hospi-
talization due to HF costs an estimated $23,077 
[19]. Although HF-related hospitalization rates 
are declining [20], HF remains one of the lead-
ing causes of hospitalization among people 
aged >60 years [21], with patients staying on 
average 4 days longer in hospital than for other 
diseases [21,22]. In addition, over one-quarter 
of patients are readmitted within 30 days of ini-
tial discharge [23].

The prevalence of HF increases with age. In the 
UK, analysis from the British Heart Foundation 
estimates that 0.9% of men and 0.7% of women 

suffer from HF, rising to 13.1% of men and 11.9% 
of women aged over 75 years [24]. Thus, as is 
the case in the US, HF constitutes a substantial 
burden on the National Health Service (NHS), 
accounting for one million inpatient bed-days 
(2% of the NHS total) and 5% of all emergency 
hospital admissions [25]. Given the age-related 
prevalence of HF, as well as age-related increas-
es in recognised risk factors, such as hyperten-
sion, coronary heart disease, obesity, diabetes 
and hyperlipoproteinaemia, associated costs 
can be expected to increase. Indeed, the Ameri-
can Heart Association predicts that by 2030 the 
prevalence of HF will be 3.5%, equating to $77.7 
billion in direct costs [26]. 

A cardinal symptom of HF is dyspnoea. As noted 
above, this symptom is non-specific and sub-
jective and patients presenting with dyspnoea 
may have multiple comorbidities that compli-
cate diagnosis. This means that patients with HF 
may be missed or that patients may be misdi-
agnosed or hospitalized unnecessarily. Each of 
these consequences has clinical and economic 
implications. In a study of 592 dyspnoeic pa-
tients, clinical uncertainty (a diagnostic certain-
ty estimate between 21% and 79%) for acutely 
destabilized HF was associated with increased 
morbidity and mortality. Significantly more pa-
tients in the clinical uncertainty group were ad-
mitted to hospital (86% vs 71%; P<0.001) and 
median length of stay in hospital was also lon-
ger (6.6 days vs 5.4 days; P=0.02). In addition, in 
the clinical uncertainty group >90% of patients 
were discharged within 14 days compared with 
9 days in the clinical certainty group [2]. Clini-
cal uncertainty was found to be an independent 
predictor of death (hazard ratio [HR] 1.88 [95% 
confidence interval {CI}: 1.02−2.25; P=0.05]) as 
well as death or hospitalization within one year 
(HR 2.18 [95% CI: 1.71−2.49; P=0.01]) [2]. Al-
though not evaluated directly in this study, the 
observed increased hospitalization of patients 
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in the clinical uncertainty group is highly likely to 
be associated with increased healthcare spend.

Value of measuring N-terminal 
prohormone of brain natriuretic peptide 

The data in the study by Green and colleagues 
[2] suggest that reducing diagnostic uncertainty 
has the potential to improve patient outcomes 
as well as reducing costs associated with hos-
pitalization. This can be achieved by including 
other tests to inform diagnosis and not relying 
on non-specific clinical symptoms, such a dys-
pnoea, alone. 

Echocardiography is the most reliable meth-
od for assessing cardiac pathology. However, 
echocardiographic assessment of all dyspnoeic 
patients is likely not to be cost-effective, with 
many patients referred for evaluation showing 
no evidence of significant heart disease [27,28]. 
Tests that can accurately and rapidly confirm 
or rule-out a diagnosis of HF have potential to 
improve subsequent patient management and 

significantly reduce the costs associated with 
clinical uncertainty. A number of biomarkers 
have been identified as being associated with 
HF. Among these, the natriuretic peptides are 
of proven diagnostic/prognostic value, based 
on the observation that levels increase follow-
ing atrial or ventricular dilatation [29].

Brain natriuretic peptide (BNP) is derived from 
pre-prohormone of brain natriuretic peptde, 
which is cleaved to remove the 26 amino acid 
signal protein and then subsequently to pro-
duce active BNP and its inactive N-terminal por-
tion, NT-proBNP [29]. Both BNP and NT-proBNP 
have been shown to be of considerable utility 
for the clinical evaluation and risk prediction 
of HF [30]. NT‑proBNP, however, does have a 
number of advantages over BNP, including a 
substantially longer half-life [30], higher circu-
lating concentrations [30], greater stability [31], 
lower vulnerability to circadian variation [32] 
and more flexible sampling [30]. Unlike BNP, the 

Table 1 Optimal NT-proBNP cut-points for the diagnosis/exclusion of  acute HF 
among dyspnoeic patients [34]

Category
Optimal  

cut-point
Sensitivity  

(%)
Specificity  

(%)

Positive 
predictive 
value (%)

Negative 
predictive 
value (%)

Accuracy 
(%)

Confirmatory (rule-in) cut-points

<50 years (n=184) 450 pg/mL 97 93 76 99 94

50−75 years (n=537) 900 pg/mL 90 82 83 88 85

>75 years (n=535) 1,800 pg/
mL 85 73 92 55 83

Rule-in overall 90 84 88 66 85

Exclusionary (rule-out) cut-points

All patients 
(n=1,256)   
 wŜǇǊƻŘǳŎŜŘ ŦǊƻƳ ǊŜŦŜǊŜƴŎŜ оп ōȅ ǇŜǊƳƛǎǎƛƻƴ ƻŦ hȄŦƻǊŘ ¦ƴƛǾŜǊǎƛǘȅ tǊŜǎǎ ŀƴŘ ǘƘŜ 9ǳǊƻǇŜŀƴ {ƻŎƛŜǘȅ ƻŦ /ŀǊŘƛƻƭƻƎȅΦ

300 pg/mL 99 60 77 98
83



eJIFCC Vol. 26 Nr. 1 - Page 53

Bruce Jordan, Cheryl Mitchell, Andy Anderson, Norbert Farkas, Richard Batrla
The clinical and health economic value of clinical laboratory diagnostics

available NT-proBNP assays are standardized 
and show relatively reproducible results [33]. 

In the first large-scale international analysis 
of NT-proBNP testing in the evaluation of 
patients with suspected HF, NT-proBNP was a 
sensitive and specific indicator of HF [34; Table 
1]. Measuring NT-proBNP levels can reduce the 
uncertainty associated with HF diagnosis based 
on clinical symptoms alone [2] and thereby 
ensure appropriate care [35]. In the study 
described above [2], among the 185 patients 
in the clinical uncertainty group, 103 (56%) had 
acutely destabilized HF. In this group, the value of 
clinical judgement alone, determined by the area 
under the receiver operating characteristic curve 
(ROC AUC) was found to be 0.76 compared with 
0.88 in the clinical certainty group (P<0.001). 
In the same population, measurement of NT-
proBNP had an overall sensitivity of 90% (95% CI: 
81%−94%), 84% specificity (95% CI: 72%−88%) 
and a positive predictive value of 86% for the 
diagnosis of acutely destabilised HF [2]. ROC 
AUC for NT-proBNP was 0.91 and 0.96 in the 
clinical uncertainty and clinical certainty groups, 
respectively (Table 2). Combining NT-proBNP 
with clinical judgement improved diagnostic 
accuracy in both the clinical certainty (ROC AUC 

0.98) and clinical uncertainty groups (ROC AUC 
0.94; Table 2) [2]. 

The IMPROVE CHF (Improved Management of 
Patients with CHF) trial evaluated the clinical 
and economic impact of NT-proBNP testing in 
addition to usual care compared to usual care 
alone on the management of 500 patients 
presenting to the emergency department 
with dyspnoea. This study also demonstrated 
increased diagnostic accuracy when combining 
NT-proBNP measurement with clinical judge-
ment (ROC AUC of 0.90 [95% CI: 0.90−0.93] 
vs 0.83 [95% CI: 0.80−0.84]; P=0.00001) [35]. 
Overall, the median duration of the initial visit 
to the emergency department was significantly 
shorter in the NT-proBNP group compared 
with usual care (6.3 vs 5.6 hours; P=0.0309). 
There were no significant differences in initial 
hospitalizations, length of hospital stay, time in 
intensive care or initial and 60-day mortality. 
However, a significant reduction in the number 
of patients readmitted within 60 days was 
observed (13% vs 20%; P=0.0463). In addition 
NTpro-BNP-guided therapy resulted in a 15% 
reduction in total direct medical costs to 60 days 
follow up ($6,129 vs $5,180; P=0.0232) [35]. 

The studies above describe how the addition of 
NT-proBNP testing to clinical judgement based 

Table 2 Accuracy of  clinical judgement and NT-proBNP-guided judgement in 
dyspnoeic patients according to clinical certainty of  a diagnosis of  
acutely destabilised HF [2]

Judgement
ROC (95% CI)

Clinical certainty (n=407) Clinical uncertainty (n=185)

Clinical 0.88 (0.83−0.92) 0.76 (0.69−0.83)

NT-proBNP-guided 0.96 (0.94−0.97)a 0.91 (0.87−0.96)a

Clinical plus NT-proBNP 0.98b 0.94b

a P<0.001 compared with clinical judgement; 
b P<0.05 for comparison with each of clinical and NT-proBNP-guided judgement alone
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on symptoms and other evaluations improves 
the accuracy of diagnosis and can reduce di-
rect medical costs. Other studies have demon-
strated the value of NT-proBNP measurements 
in the stratification of patient care, also with 
the accompanying benefit of reducing asso-
ciated healthcare costs. The PROMPT study 
resulted in improved stratification of patient 
care, with knowledge of elevated NT-proBNP 
levels resulting in early and more aggressive 
patient management. More patients with 
high levels of NT-proBNP (>1,800 pg/mL) were 
likely to be admitted to a higher level of care 
if the physician was aware of the NT-proBNP 
level than if they were not (21.9% vs 12.9%; 
P=0.037). Patients with a low NT-proBNP level 
(<150 pg/mL) were less likely to be admitted 
(4.6% vs 13.8%; P=0.036). There was no dif-
ference in admission rates in those patients 
with intermediate values of NT-proBNP [3]. 
In addition, compared with low levels, high 
levels of NT-proBNP were associated with 
higher rates of hospital admission (odds ratio 
[OR] 2.9), longer hospital stays (8.5 days vs 
3.5 days, P<0.01), higher rates of in-hospital 
death (3.9% vs 0%, P<0.01), greater likelihood 
of re-hospitalization within 6 months (OR 5.1, 
P < 0.001), and greater likelihood of death or 
re-hospitalization within 6 months (OR 5.7). 
Overall, NT-proBNP levels were associated 
with better stratification of patient care and 
were strongly correlated with subsequent utili-
zation of hospital resources and prognosis [3]. 
In agreement with these observations, a cost-
utility analysis of NT-proBNP-guided therapy in 
Canada found that NT-proBNP-guided inten-
sive HF patient management, in addition to 
multidisciplinary care, not only reduced death 
and hospitalisation but was cost effective com-
pared with multidisciplinary care alone or usu-
al care, without adverse effects on safety [36]. 
NT-proBNP-guided intensive management cost 
less per patient compared with usual care and 

multidisciplinary care (CAN$55,946 vs $57,729 
and $61,500, respectively). Quality-adjusted 
life-years were also greater (3.20 vs 2.36 and 
3.04 for usual care and multidisciplinary care, 
respectively). 

Taken together, these studies clearly demon-
strate the considerable value of NT-proBNP test-
ing from both a clinical and health economic 
perspective.

CLINICAL AND HEALTH ECONOMIC 
IMPACT OF LABORATORY DIAGNOSTICS 
IN ALZHEIMER’S DISEASE

According to the World Alzheimer’s Report 
(2010), the global economic burden of demen-
tia - which affects 36 million people around the 
world - has been estimated at $604 billion [37]. 
The strongest risk factor for the development 
of AD is advancing age [8]. Therefore, increas-
ing life expectancy will result in more and more 
people becoming affected by the disease; the 
number of people suffering from AD is estimat-
ed to reach 65.7 million by 2030 and 115.4 mil-
lion by 2050 [37]. This same report predicts a 
rise of 85% in costs associated with dementia by 
2030. As the most common cause of dementia, 
responsible for 60−80% of cases [9], AD is the 
largest contributor to this clinical and economic 
burden. 

In Europe, annual costs per person with demen-
tia vary widely. Based on Eurocodes estimates 
for dementia prevalence, a cost model based 
on published European cost of illness papers 
determined that the total cost of illness in the 
European Union in 2008 was €160 billion, which 
equates to €22,000 per person with dementia 
per year [38]. This annual burden varied from 
€4,473 in Eastern Europe to €35,987 in North-
ern Europe.

In the US, Medicare costs for beneficiaries with 
AD were $91 billion in 2005 and reached a stag-
gering $160 billion in 2010. While direct medical 
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costs are substantial, the costs from lost wages 
of patients and families and the costs for non-
nursing home patients is $120 billion annually 
in the US. In high-income countries, informal 
care (45%) and formal social care (40%) account 
for the majority of costs, while the proportion-
ate contribution of direct medical costs (15%) is 
much lower.

In the US, development of an intervention found 
to delay onset of AD by 5 years is estimated to 
result in a 57% reduction in the number of peo-
ple affected and to almost halve projected an-
nual Medicare costs from ~$630 to ~$340 billion 
[8]. Currently, however, there are no effective 
disease-modifying drugs that will prevent the 
disease, slow its progression or delay its onset 
[8]. In the absence of such drugs, early symp-
tomatic treatment is the optimal strategy. Stud-
ies have shown that a patient’s level of function 
will be preserved for longer if managed earlier 
and that community-dwelling patients with AD 
incur less societal cost than those who require 
long-term institutionalisation [39]. Early inter-
vention, however, requires early diagnosis. As 
discussed earlier, diagnosis based on clinical 
signs and symptoms alone is incorrect in a sub-
stantial proportion of patients [10−13]. 

Biomarkers have diagnostic value in AD. Al-
though several have been studied, evidence 
for three is strongest [8,40]; the 42 amino acid 
species of amyloid-beta (amyloid β42 [Aβ42]), 
which is the principal constituent of amyloid 
plaques, and total Tau (t-Tau) and phosphorylat-
ed Tau (p-Tau), which aggregate to form intra-
neuronal neurofibrillary tangles and are associ-
ated with neuronal degeneration or injury. Both 
are measured in CSF. Aβ42 has been shown to 
have an inverse correlation with plaque load at 
autopsy, and whereas t-Tau and p-Tau are gen-
erally highly correlated and typically elevated in 
individuals with Alzheimer’s disease, p-Tau may 
be more specific for AD as, unlike t-Tau, eleva-
tions are not observed in traumatic brain injury, 

stroke or Creutzfeldt−Jakob disease [8]. Indeed, 
low circulating Aβ42 and high levels of Tau have 
been shown to have diagnostic and prognostic 
value in AD and are able to predict which indi-
viduals with mild cognitive impairment (MCI) 
and asymptomatic/preclinical AD are likely to 
progress to AD [8].

The ability to identify individuals whose disease 
is likely to progress using clinical laboratory 
assessment of biomarkers is important. Even 
in the absence of effective disease-modifying 
therapies, the timely detection of AD can be 
cost effective because treatments that are avail-
able can improve symptoms sufficiently to re-
duce healthcare costs by keeping patients living 
in the community for longer [41]. Because few 
treatments are available, this study modelled 
the effects of two hypothetical interventions; 
one modestly effective symptomatic treat-
ment, and another that halted cognitive decline 
for a short period. Although hypothetical, the 
study demonstrates that early intervention is 
necessary for current symptomatic treatments 
to maximise cost-effectiveness. For disease-
modifying drugs, maximal cost-effectiveness is 
achieved by intervening early enough to antici-
pate the period of rapid cognitive decline [41]. 
A diagnostic and economic evaluation of new 
biomarkers for AD is ongoing, which aims to 
assess the diagnostic test accuracy of current 
clinical diagnostic work-up and emerging bio-
markers, perform a cost-consequence analysis 
and assess long-term cost-effectiveness using 
an economic model [42].

Recently, the use of AD pathology biomark-
ers has been included in the new consensus 
research diagnostic criteria for AD, MCI, and 
preclinical AD, proposed by the National Insti-
tute on Aging and the Alzheimer’s Association. 
These new criteria take into account that AD 
dementia is part of a continuum of clinical and 
biological phenomena [43−45]. The new Inter-
national Working Group (IWG) criteria, IWG-2, 
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recommend the use of either CSF biomarkers or 
PET imaging for the evaluation of AD patients 
[46]. In Europe, the Committee for Medicinal 
Products for Human Use published a number of 
qualification opinions on the use of biomarkers 
in the context of AD for enrichment of clinical 
trials in pre-dementia and mild-to-moderate AD 
[47]. The use of AD biomarkers for clinical trial 
enrichment is also supported by the recent FDA 
draft guidance for treatment of early AD; at this 
point the role of clinical laboratory diagnostics 
can be expected to be central in the effective 
clinical and cost-effective management of pa-
tients with AD.

CLINICAL AND HEALTH ECONOMIC 
IMPACT OF LABORATORY 
DIAGNOSTICS IN ASTHMA

Asthma is a highly heterogeneous disease. It is 
a global public health problem and the preva-
lence is increasing in most countries [48]. Ac-
cording to the Global Asthma Report, as many 
as 334 million people may be affected and the 
burden of disability is high [49]. Asthma was 
once considered a disease of high income soci-
eties, but this is no longer the case and rates of 
asthma are increasing fastest in low to middle 
income societies [49]. It is responsible for an es-
timated 1% of the worldwide disability-adjusted 
life years lost [50] and ranks 22nd worldwide, 
similar to other chronic diseases, such as diabe-
tes [48]. In Western Europe one in four patients 
requires either an emergency room or unsched-
uled urgent care visit, and in North America this 
figure reached 40% [50]. In the US, patients with 
asthma exacerbations had significantly higher 
total healthcare costs compared with those 
who did not ($9,223 vs $5,011; P<0.0001). Asth-
ma-related costs were also significantly higher 
($1,740 vs $847; P<0.0001), and they tend to 
have co-morbidities such as sinusitis, pneumo-
nia, and mental disorders [51]. 

In the UK, the NHS spends around £1 billion a 
year for the treatment of patients with asthma. 
In the year 2008/2009 up to 1.1 million working 
days were lost due to lung problems [52,53]. 
Asthma exacerbations led to over 50,000 hos-
pital admissions with an annual spend of £800 
million on pharmaceutical therapy alone [54]. 
In Germany, the direct and indirect medical 
costs reached €2.74 billion during 1999. Age-
specific hospital costs per admission ranged 
from €564 (in those <5 years of age) to €2,800 
(in those ≥75 years of age) [55]. Moreover, 
despite the availability of effective preventive 
therapy, costs associated with asthma appear 
to be increasing [56].

The heterogeneity of the disease makes it a 
challenge to manage. Patients present with dif-
ferent clinical, inflammatory and immunological 
phenotypes, the identification of which is key 
to providing effective treatment. Traditional di-
agnostic techniques rely on clinical judgement 
and pulmonary function tests, despite the limi-
tations of both [57]. Associated exacerbations, 
defined as the need for courses of high-dose 
oral corticosteroids or hospitalization, are a ma-
jor cause of morbidity as a result of an acceler-
ated decline in lung function [58,59] and are as-
sociated with high healthcare costs comparable 
to diabetes and hypertension [59,60]. Approxi-
mately 5−14% of the total asthma population 
have severe asthma [61,62] (Table 3) and this 
population is associated with disproportionate 
healthcare use and costs [62,63], both in terms 
of direct and indirect costs [64,65] (Figure  1). 
Disease exacerbations, in particular hospitaliza-
tions, account for 55% of direct costs in the EU.

It is not possible to predict the risk of exacer-
bation based on asthma phenotype without 
the use of biomarkers. However, along with a 
patient’s clinical history, biomarkers may help 
identify individuals at risk of exacerbations, 
which may in turn improve patient care and 
reduce associated healthcare costs. Currently 
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available biomarkers for clinical practice, such 
as those in bronchial lavage, bronchial biop-
sies, sputum or fraction of exhaled nitric oxide 
(FeNO) are limited due to invasiveness or lack 
of specificity [66], and there is a need for easily 
interpreted biomarkers that can be exploited in 
clinical laboratory diagnostic tests to assess the 
nature and severity of disease.

Serum total IgE and allergen specific IgE are bio-
markers to define phenotype in asthmatic pa-
tients [67]. Serum periostin, a systemic marker 

of T2-derived asthma, is upregulated by IL-13 
and may be the marker with a highest accuracy 
for identifying eosinophilic airway inflammation 
in asthma [68−70]. Lebrikizumab, a monoclonal 
antibody to IL-13, has been shown to have a 
more pronounced anti-asthmatic effect in pa-
tients with elevated periostin [7]. Thus, diag-
nostic tests for periostin have the potential to 
identify a subgroup of asthma patients who will 
benefit from treatment with lebrikizumab. IL-5 
has also been proposed as a potential thera-
peutic target in eosinophilic asthma. FeNO may 

Table 3 Severe asthma is associated  
with disproportionate healthcare use and costs [32]

Asthma severity % Asthma population Mean direct costs* (€)

Mild 13.7 263

Moderate 33.3 686

Moderate−severe 38.9 1,196

Severe 14.1 2,782

*Direct costs of asthma: mean costs of goods and services except hospitalization.

Figure 1 Asthma-related direct (drug; physician visits; emergency department/
hospitalization) and indirect annual costs per patient by severity of  asthma

Reproduced by permission of the European Respiratory Society: Eur Respir J May 2004; 23: 723–29;  
doi:10.1183/09031936.04.00004904.
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help predict exacerbations and may identify pa-
tients most likely to respond to inhaled cortico-
steroids [71], although results are conflicting. 

Treatment directed by serial sputum eosino-
phil count measurements has been shown to 
prevent exacerbations in patients with severe 
asthma, resulting in fewer hospital admissions 
[72]. In this study, compared with treatment 
based on symptoms and spirometry, sputum 
count-directed corticosteroid therapy resulted 
in fewer exacerbations (47 vs 79; P=0.04), a 
longer period until first exacerbation (607 days 
vs 394 days) and fewer exacerbations requiring 
prednisolone (78% occurred in the symptoms 
and spirometry group). Since exacerbations 
are responsible for a substantial proportion of 
asthma-related costs, these observations may 
be expected to reduce healthcare expenditure. 

As well as identifying those most likely to re-
spond to certain therapies, eosinophil counts 
can similarly be used to identify patients likely 
to have a poor response to corticosteroids [73]. 
Identifying subpopulations of patients with im-
proved clinical response to specific drugs allows 
targeted therapy and is likely to reduce costs. 
Individualized management plans have been 
shown to improve asthma control and reduce 
hospitalization (relative risk [RR] 0.64 [95% CI: 
0.50−0.82]) and emergency room attendance 
(RR 0.82 [95% CI: 0.73−0.94]) as a result of ex-
acerbations [74] as well as reducing the number 
of days off work (RR 0.79 [95% CI: 0.67−0.93]). 

Clinical laboratory diagnostics clearly have a 
central role to play in the appropriate, cost-ef-
fective management of patients with asthma. 
The heterogeneity of the asthma phenotype 
requires clinical laboratory diagnostic tests for 
a biomarker panel to improve disease diagno-
sis [67].

DISCUSSION

The literature reviewed in this paper is not ex-
haustive. However, in the three therapeutic ar-
eas discussed there appear to be clear clinical 
and/or economic benefits to guided therapy 
facilitated by accurate clinical laboratory di-
agnostics. NT-proBNP-guided therapy has the 
potential to triage patients to the appropriate 
level of care [3], and to reduce costs associated 
with hospitalization [2,35]. Earlier intervention 
with symptomatic treatments in AD based on 
diagnosis with Aβ42 and Tau has the poten-
tial to reduce associated costs by keeping pa-
tients functioning in the community for longer 
[41]. When disease modifying drugs do become 
available, they have the potential for substan-
tially reducing the financial impact of AD [8,41]. 
In asthma, emerging biomarkers, such as peri-
ostin, have the potential to dissect the hetero-
geneous asthma population and to direct care 
to those most likely to respond to therapy [7]. 
However, these apparent benefits of individu-
alized healthcare need to be balanced against 
costs associated with this approach. These in-
clude additional costs associated with the true 
and false positive patients, the costs associated 
with expanding patient populations through 
screening and prevention, which will need po-
tentially costly therapeutic intervention, and in-
creased spending on diagnostics [18]. 

Diagnosis is a vital part of medical innovation 
and novel diagnostic tools enable the identifica-
tion of patients with a specific pathophysiologi-
cal cause within a group of patients with similar 
symptoms. This, in turn, fosters better under-
standing of the disease and perpetuates the cy-
cle of medical innovation; provision of innova-
tive and reliable/reproducible diagnostic tools 
to physicians is crucial for reliable outcomes in 
this process.

The clinical laboratory is thus central to the 
provision of effective patient care, identifying 
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disease, guiding treatment, and monitoring 
response. The skills within clinical diagnostic 
laboratories must be used to further refine di-
agnostic processes and realize the promise to 
identify patients more or less likely to respond 
to a particular therapy and to ensure appropri-
ate, targeted therapy for all. This in turn should 
help to control healthcare costs associated with 
an expanding ageing population. To achieve 
this, manufacturers will need to focus on devel-
oping diagnostic tests that better predict clini-
cal outcomes and deliver savings in healthcare 
costs and improve patient management. They 
will also need to collaborate more systematical-
ly to demonstrate the significant contribution of 
diagnostics to improving delivery of healthcare 
to patients. 

The relative spend on diagnostics compared 
with pharmaceuticals underlines the fact that 
currently diagnostic tests are in general un-
derappreciated in relation to the medical and 
economic value that they deliver. Unlike the 
‘value-based’ reimbursement of innovative 
pharmaceuticals, in many markets in vitro diag-
nostics have been treated as low-margin com-
modities with low reimbursement rates that are 
based solely on the method of testing and not 
according to value brought to the patient [75]. 
In addition, in most healthcare systems, codings 
are non-specific, covering procedures, rather 
than technologies or brands, and new tests 
are linked to existing Diagnosis-Related Group 
codes [75].

The ultimate goal of diagnostic testing is to 
guide disease management in order to improve 
patient outcomes and patient well-being. Clini-
cal laboratory diagnostics should be viewed as 
a pivotal part of the healthcare system and val-
ued accordingly. The skills available in clinical 
laboratories around the world should be har-
nessed to ensure the continued development of 
accurate tests that inform the healthcare com-
munity with respect to the pathophysiology of 

disease and facilitate the diagnosis, appropriate 
treatment and monitoring of patients. Labora-
tory medicine will need to form alliances with 
clinicians, healthcare managers and insurers, as 
well as the general public, and gain these stake-
holders as advocates for valuing laboratory 
medicine according to the information it deliv-
ers to facilitate optimum clinical care.

REFERENCES

1. European IVD Market Statistics Report. Available at: 
http://www.edma-ivd.eu/index.php?mact=EuropeanIVD
MarketStatistics,me8bc7,view,1&me8bc7details=26&me8
bc7returnid=104&page=104. [Accessed November 2014].

2. Green SM, Martinez-Rumayor A, Gregory SA, Baggish 
AL, O’Donoghue ML, Green JA, et al. Uncertainty, diag-
nostic accuracy, and outcomes in emergency department 
patients presenting with dyspnea. Arch Intern Med 2008; 
168: 741−8.

3. Luchner A, Möckel M, Spanuth E, Möcks J, Peetz D, 
Baum H, et al. N-terminal pro brain natriuretic peptide in 
the management of patients in the medical emergency 
department (PROMPT): correlation with disease severity, 
utilization of hospital resources, and prognosis in a large, 
prospective, randomized multicentre trial. Eur J Heart Fail 
2012; 14: 259−67. 

4. Lindholm J. Diabetes insipidus: historical aspects. Pitu-
itary 2004; 7: 33−8.

5. Lakhtakia R. The history of diabetes mellitus. Sultan 
Qaboos Univ Med J 2013; 13: 368−70. 

6. McGrath KW, Icitovic N, Boushey HA, Lazarus SC, 
Sutherland ER, Chinchilli VM, Fahy JV. Asthma Clinical Re-
search Network of the National Heart, Lung, and Blood 
Institute. A large subgroup of mild-to-moderate asthma 
is persistently noneosinophilic. Am J Respir Crit Care Med 
2012; 185: 612−9. 

7. Corren J, Lemanske RF, Hanania NA, Korenblat PE, 
Parsey MV, Arron JR, et al. Lebrikizumab treatment in 
adults with asthma. N Engl J Med 2011; 365: 1088−98.

8. Fagan AM. CSF Biomarkers of Alzheimer’s dis-
ease: Impact on disease concept, diagnosis, and clini-
cal trial design. Adv Geriatr 2014; Article ID 302712: 
doi:10.1155/2014/302712.

9. Alzheimer’s Association. 2013 Alzheimer’s disease 
facts and figures. Alzheimers Dement 2013; 9: 208−45.

10. Gaugler JE, Ascher-Svanum H, Roth DL, Fafowora T, 
Siderowf A, Beach TG. Characteristics of patients misdi-
agnosed with Alzheimer’s disease and their medication 

http://www.edma-ivd.eu/index.php?mact=EuropeanIVDMarketStatistics,me8bc7,view,1&me8bc7details=26&me8bc7returnid=104&page=104
http://www.edma-ivd.eu/index.php?mact=EuropeanIVDMarketStatistics,me8bc7,view,1&me8bc7details=26&me8bc7returnid=104&page=104
http://www.edma-ivd.eu/index.php?mact=EuropeanIVDMarketStatistics,me8bc7,view,1&me8bc7details=26&me8bc7returnid=104&page=104


eJIFCC Vol. 26 Nr. 1 - Page 60

Bruce Jordan, Cheryl Mitchell, Andy Anderson, Norbert Farkas, Richard Batrla
The clinical and health economic value of clinical laboratory diagnostics

use: an analysis of the NACC-UDS database. BMC Geriatr 
2013; 13: 137. 

11. Doraiswamy PM, Sperling RA, Coleman RE, Johnson 
KA, Reiman EM, Davis MD, et al. (AV45-A11 Study Group). 
Amyloid-β assessed by florbetapir F 18 PET and 18-month 
cognitive decline: a multicenter study. Neurology 2012; 
79: 1636–44.

12. Devanand DP, Mikhno A, Pelton GH, Cuasay K, Prad-
haban G, Dileep Kumar JS, et al. Pittsburgh compound B 
(11C-PIB) and fluorodeoxyglucose (18 F-FDG) PET in pa-
tients with Alzheimer disease, mild cognitive impairment, 
and healthy controls. J Geriatr Psychiatry Neurol 2010; 
23: 185−98. 

13. Nelissen N, Van Laere K, Thurfjell L, Owenius R, 
Vandenbulcke M, Koole M, et al. Phase 1 study of the 
Pittsburgh compound B derivative 18F-flutemetamol in 
healthy volunteers and patients with probable Alzheimer 
disease. J Nucl Med 2009; 50: 1251−9. 

14. Doody RS, Thomas RG, Farlow M, Iwatsubo T, Vellas 
B, Joffe S, et al. Alzheimer’s Disease Cooperative Study 
Steering Committee; Solanezumab Study Group. Phase 3 
trials of solanezumab for mild-to-moderate Alzheimer’s 
disease. N Engl J Med 2014; 370: 311−21.

15. Dean R, Shaw LM, Waligorska TW, Korecka M, Figur-
ski M, Trojanowski JQ, et al. Inclusion of patients with Al-
zheimer’s disease pathology in solanezumab expedition 
3 using florbetapir PET imaging or inno-bia AlzBio3 CSF 
aβ1-42. Alzheimers Dement 2014; 10: 811.

16. Meltzer MI. Introduction to health economics for phy-
sicians. Lancet 2001; 358(9286): 993−8.

17. National Institute of Clinical Excellence. Guidance for 
Manufacturers and Sponsors. London: NICE, 2001. Avail-
able at: http://www.gserve.nice.org.uk/niceMedia/pdf/
technicalguidanceformanufacturersandsponsors.pdf.[Ac-
cessed December 2014].

18. Faulkner E, Annemans L, Garrison L, Helfand M, Holtorf 
A-P, Hornberger J, et al, for Personalized Medicine Devel-
opment and Reimbursement Working Group. Challenges 
in the development and reimbursement of personalized 
medicine—payer and manufacturer perspectives and im-
plications for health economics and outcomes research: A 
report of the ISPOR Personalized Medicine Special Inter-
est Group. Value Health 2012; 15: 1162−71.

19. Wang G, Zhang Z, Ayala C, Wall HK, Fang J. Costs of 
heart failure-related hospitalizations in patients aged 18 
to 64 years. Am J Manag Care 2010; 16: 769−76.

20. Chen J, Normand SL, Wang Y, Krumholz HM. National 
and regional trends in heart failure hospitalization and 
mortality rates for Medicare beneficiaries, 1998−2008. 
JAMA 2011; 306: 1669−78.

21. Cleland JG, Swedberg K, Follath F, Komajda M, Cohen-
Solal A, Aguilar JC, et al, Study Group on Diagnosis of the 

Working Group on Heart Failure of the European Society 
of Cardiology. The EuroHeart Failure survey programme-- 
a survey on the quality of care among patients with heart 
failure in Europe. Part 1: patient characteristics and diag-
nosis. Eur Heart J 2003; 24: 442−63.

22. Organisation for Economic Co-operation and Devel-
opment (OECD). Average length of stay in hospitals. In: 
Health at a glance 2011: OECD indicators. OECD, 2011. 
pp88–89.

23. Jencks SF, Williams MV, Coleman EA. Rehospitaliza-
tions among patients in the Medicare fee-for-service pro-
gram. N Engl J Med 2009; 360: 1418−28.

24. British Heart Foundation Health Promotion Research 
Group. Coronary heart disease statistics: 2012 edition, 
London: British Heart Foundation, 2012. p.81. Available at: 
https://www.bhf.org.uk/publications/statistics/coronary-
heart-disease-statistics-2012. [Accessed December 2014].

25. National Institute for Health and Care Excellence. NICE 
Guideline CG108 Chronic heart failure: Management of 
chronic heart failure in adults in primary and secondary 
care. London: NICE, 2010. Available at: http://www.nice.
org.uk/guidance/cg108. [Accessed December 2014].

26. Heidenreich PA, Trogdon JG, Khavjou OA, Butler J, 
Dracup K, Ezekowitz MD, et al.. Forecasting the future of 
cardiovascular disease in the United States: a policy state-
ment from the American Heart Association. Circulation 
2011; 123: 933−44. 

27. Hobbs FD, Jones MI, Allan TF, Wilson S, Tobias R. Eu-
ropean survey of primary care physician perceptions on 
heart failure diagnosis and management (Euro-HF). Eur 
Heart J 2000; 21: 1877−87.

28. Khunti K. Systematic review of open access echocar-
diography for primary care. Eur J Heart Fail 2004; 6: 79−83.

29. Januzzi JL Jr. Natriuretic peptides as biomarkers in 
heart failure. J Investig Med 2013; 61: 950−5. 

30. Steiner J, Guglin M. BNP or NTproBNP? A clinician’s 
perspective. Int J Cardiol 2008; 129: 5−14. 

31. Yeo KT, Wu AH, Apple FS, Kroll MH, Christenson RH, Le-
wandrowski KB, et al. Multicenter evaluation of the Roche 
NT-proBNP assay and comparison to the Biosite Triage BNP 
assay. Clin Chim Acta 2003; 338: 107−15.

32. Bruins S, Fokkema MR, Römer JW, Dejongste MJ, 
van der Dijs FP, van den Ouweland JM, Muskiet FA. High 
intraindividual variation of B-type natriuretic peptide 
(BNP) and amino-terminal proBNP in patients with stable 
chronic heart failure. Clin Chem 2004; 50: 2052−8. 

33. Clerico A, Zaninotto M, Prontera C, Giovannini S, 
Ndreu R, Franzini M, et al. (Study Group on Cardiovascu-
lar Risk Biomarkers of the Italian Society of Clinical Bio-
chemistry). State of the art of BNP and NT-proBNP im-

http://www.gserve.nice.org.uk/niceMedia/pdf/technicalguidanceformanufacturersandsponsors.pdf
http://www.gserve.nice.org.uk/niceMedia/pdf/technicalguidanceformanufacturersandsponsors.pdf
https://www.bhf.org.uk/publications/statistics/coronary-heart-disease-statistics-2012
https://www.bhf.org.uk/publications/statistics/coronary-heart-disease-statistics-2012
http://www.nice.org.uk/guidance/cg108
http://www.nice.org.uk/guidance/cg108


eJIFCC Vol. 26 Nr. 1 - Page 61

Bruce Jordan, Cheryl Mitchell, Andy Anderson, Norbert Farkas, Richard Batrla
The clinical and health economic value of clinical laboratory diagnostics

munoassays: the CardioOrmoCheck study. Clin Chim Acta 
2012; 414: 112−9.

34. Januzzi JL, van Kimmenade R, Lainchbury J, Bayes-Ge-
nis A, Ordonez-Llanos J, Santalo-Bel M, et al. NT-proBNP 
testing for diagnosis and short-term prognosis in acute 
destabilized heart failure: an international pooled analy-
sis of 1256 patients: the International Collaborative of NT-
proBNP Study. Eur Heart J 2006; 27: 330−7.

35. Moe GW, Howlett J, Januzzi JL, Zowall H. (Canadian 
Multicenter Improved Management of Patients with 
Congestive Heart Failure (IMPROVE-CHF) Study Investiga-
tors). N-terminal pro-B-type natriuretic peptide testing 
improves the management of patients with suspected 
acute heart failure: primary results of the Canadian pro-
spective randomized multicenter IMPROVE-CHF study. 
Circulation 2007; 115: 3103−10.

36. Moertl D, Steiner S, Coyle D, Berger R. Cost-utility 
analysis of nt-proBNP-guided multidisciplinary care in 
chronic heart failure. Int J Technol Assess Health Care 
2013; 29: 3−11.

37. Alzheimer’s Disease International. World Alzheimer 
Report 2010. Available at: http://www.alz.co.uk/research/
files/WorldAlzheimerReport2010.pdf. [Accessed Decem-
ber 2014].

38. Wimo A, Jönsson L, Gustavsson A, McDaid D, Ersek K, 
Georges J, et al. The economic impact of dementia in Eu-
rope in 2008 - cost estimates from the Eurocode project. 
Int J Geriatr Psychiatry 2011; 26: 825−32.

39. Leifer BP. Early diagnosis of Alzheimer’s disease: 
clinical and economic benefits. J Am Geriatr Soc 
2003;51:S281−8.

40. Humpel C. Identifying and validating biomarkers for 
Alzheimer’s disease. Trends Biotechnol 2011; 29: 26−32. 

41. Barnett JH, Lewis L, Blackwell AD, Taylor M. Early in-
tervention in Alzheimer’s disease: a health economic 
study of the effects of diagnostic timing. BMC Neurol 
2014; 14: 101.

42. Handels RL, Aalten P, Wolfs CA, OldeRikkert M, Schel-
tens P, Visser PJ, et al. Diagnostic and economic evaluation 
of new biomarkers for Alzheimer’s disease: the research 
protocol of a prospective cohort study. BMC Neurol 2012; 
12: 72.

43. McKhann GM, Knopman DS, Chertkow H, Hyman BT, 
Jack CR Jr, Kawas CH, et al. The diagnosis of dementia due 
to Alzheimer’s disease: recommendations from the Na-
tional Institute on Aging - Alzheimer’s Association work-
groups on diagnostic guidelines for Alzheimer’s disease. 
Alzheimers Dement 2011; 7: 263−9.

44. Albert MS, DeKosky ST, Dickson D, Dubois B, Feldman 
HH, Fox NC, et al.The diagnosis of mild cognitive impair-
ment due to Alzheimer’s disease: recommendations from 
the National Institute on Aging - Alzheimer’s Association 

workgroups on diagnostic guidelines for Alzheimer’s dis-
ease. Alzheimers Dement 2011; 7: 270−9.

45. Sperling RA, Aisen PS, Beckett LA, Bennett DA, Craft 
S, Fagan AM, et al. Toward defining the preclinical stages 
of Alzheimer’s disease: recommendations from the Na-
tional Institute on Aging-Alzheimer’s Association work-
groups on diagnostic guidelines for Alzheimer’s disease. 
Alzheimers Dement 2011; 7: 280−92.

46. Dubois B, Feldman HH, Jacova C, Hampel H, Molin-
uevo JL, Blennow K, et al. Advancing research diagnostic 
criteria for Alzheimer’s disease: the IWG-2 criteria. Lan-
cet Neurol 2014; 13: 614−29.

47. Isaac M, Vamvakas S, Abadie E, Jonsson B, Gispen 
C, Pani L. Qualification opinion of novel methodologies 
in the predementia stage of Alzheimer’s disease: cere-
bro-spinal-fluid related biomarkers for drugs affecting 
amyloid burden--regulatory considerations by European 
Medicines Agency focusing in improving benefit/risk in 
regulatory trials. Eur Neuropsychopharmacol 2011; 21: 
781−8. 

48. Bousquet J, Khaltaev NG. Global surveillance, pre-
vention and control of chronic respiratory diseases: a 
comprehensive approach. World Health Organization, 
Geneva, 2007. Available at: http://www.who.int/gard/
publications/GARD%20Book%202007.pdf. [Accessed No-
vember 2014].

49. Global Asthma Network. Global Asthma Report 2014. 
Available at: http://www.globalasthmareport.org/ [Ac-
cessed December 2014].

50. Global Initiative for Asthma. Global Burden of Asth-
ma, 2004. Available at: http://www.ginasthma.org/docu-
ments/8. [Accessed December 2014].

51. Ivanova JI, Bergman R, Birnbaum HG, Colice GL, Sil-
verman RA, McLaurin K. Effect of asthma exacerbations 
on health care costs among asthmatic patients with mod-
erate and severe persistent asthma. J Allergy Clin Immu-
nol 2012; 129: 1229−35. 

52. Asthma UK. Asthma facts and FAQs. Available at: 
http://www.asthma.org.uk/asthma-facts-and-statistics 
[Accessed December 2014].

53. National Health Service. An Outcomes Strategy for 
COPD and Asthma: NHS Companion Document. Depart-
ment of Health, 2012. Available at: https://www.gov.uk/
government/uploads/system/uploads/attachment_data/
file/216531/dh_134001.pdf. [Accessed December 2014]

54. National Health Service. 2013/14 standard contract 
for respiratory:severe asthma (adult) Available at: http://
www.england.nhs.uk/wp-content/uploads/2013/06/a14-
respiratory-sev-asthma.pdf. [Accessed December 2014]

55. Stock S, Redaelli M, Luengen M, Wendland G, Civello 
D, Lauterbach KW. Asthma: prevalence and cost of illness. 
Eur Respir J 2005; 25: 47−53.

http://www.alz.co.uk/research/files/WorldAlzheimerReport2010.pdf
http://www.alz.co.uk/research/files/WorldAlzheimerReport2010.pdf
http://www.who.int/gard/publications/GARD Book 2007.pdf
http://www.who.int/gard/publications/GARD Book 2007.pdf
http://www.globalasthmareport.org/
http://www.ginasthma.org/documents/8
http://www.ginasthma.org/documents/8
http://www.asthma.org.uk/asthma-facts-and-statistics
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/216531/dh_134001.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/216531/dh_134001.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/216531/dh_134001.pdf
http://www.england.nhs.uk/wp-content/uploads/2013/06/a14-respiratory-sev-asthma.pdf
http://www.england.nhs.uk/wp-content/uploads/2013/06/a14-respiratory-sev-asthma.pdf
http://www.england.nhs.uk/wp-content/uploads/2013/06/a14-respiratory-sev-asthma.pdf


eJIFCC Vol. 26 Nr. 1 - Page 62

Bruce Jordan, Cheryl Mitchell, Andy Anderson, Norbert Farkas, Richard Batrla
The clinical and health economic value of clinical laboratory diagnostics

56. Bahadori K, Doyle-Waters MM, Marra C, Lynd L, Ala-
saly K, Swiston J, FitzGerald JM. Economic burden of asth-
ma: a systematic review. BMC Pulm Med 2009; 9: 24. 

57. Taylor DR. Biomarkers of inflammation in asthma: a 
clinical perspective. Semin Respir Crit Care Med 2012; 33: 
620−9.

58. Bai TR, Vonk JM, Postma DS, Boezen HM. Severe exac-
erbations predict excess lung function decline in asthma. 
Eur Resp J 2007; 30: 452−6.

59. Thomson NC, Chaudhuri R. Identification and man-
agement of adults with asthma prone to exacerbations: 
can we do better? BMC Pulm Med 2008; 8: 27. 

60. Lane S, Molina J, Plusa T. An international observa-
tional prospective study to determine the Cost Of Asthma 
eXacerbations (COAX). Resp Med 2006; 100: 434−50.

61. Chung KF, Wenzel SE, Brozek JL, Bush A, Castro M, 
Sterk PJ, et al. International ERS/ATS guidelines on defi-
nition, evaluation and treatment of severe asthma. Eur 
Respir J 2014; 43: 343−73. 

62. Braman SS. The global burden of asthma. Chest 2006; 
130(1 Suppl): 4S−12S. 

63. Godard P, Chanez P, Siraudin L, Nicoloyannis N, Duru 
G. Costs of asthma are correlated with severity: a 1-yr 
prospective study. Eur Respir J 2002;19: 61−7.

64. Peters SP, Ferguson G, Deniz Y, Reisner C. Uncontrolled 
asthma: a review of the prevalence, disease burden and 
options for treatment. Respir Med 2006; 100: 1139−51.

65. Antonicelli L, Bucca C, Neri M, De Benedetto F, Sab-
batani P, Bonifazi F, et al. Asthma severity and medical 
resource utilisation. Eur Respir J 2004; 23: 723−9.

66. Vijverberg SJ, Hilvering B, Raaijmakers JA, Lammers 
JW, Maitland-van der Zee AH, Koenderman L. Clinical util-
ity of asthma biomarkers: from bench to bedside. Biolog-
ics 2013; 7: 199−210.

67. Fatemi F, Sadroddiny E, Gheibi A, Mohammadi Farsani 
T, Kardar GA. Biomolecular markers in assessment and 
treatment of asthma. Respirology 2014; 19: 514−23. 

68. Jia G, Erickson RW, Choy DF, Mosesova S, Wu LC, 
Solberg OD, et al. (Bronchoscopic Exploratory Research 
Study of Biomarkers in Corticosteroid-refractory Asthma 
(BOBCAT) Study Group.) Periostin is a systemic biomark-
er of eosinophilic airway inflammation in asthmatic pa-
tients. J Allergy Clin Immunol 2012; 130: 647−54.

69. Nair P, Kraft M. Serum periostin as a marker of T(H)2-
dependent eosinophilic airway inflammation. J Allergy 
Clin Immunol 2012; 130: 655−6. 

70. Parulekar AD, Atik MA, Hanania NA. Periostin, a novel 
biomarker of TH2-driven asthma. Curr Opin Pulm Med 
2014; 20: 60−5. 

71. Dweik RA, Sorkness RL, Wenzel S, Hammel J, Curran-
Everett D, Comhair SA, et al. Use of exhaled nitric oxide 
measurement to identify a reactive, at-risk phenotype 
among patients with asthma. Am J Respir Crit Care Med 
2010; 181: 1033–41.

72. Jayaram L, Pizzichini MM, Cook RJ, Boulet LP, Lemière 
C, Pizzichini E, et al. Determining asthma treatment by 
monitoring sputum cell counts: effect on exacerbations. 
Eur Respir J 2006; 27: 483−94.

73. Green RH, Brightling CE, Woltmann G, Parker D, 
Wardlaw AJ, Pavord ID. Analysis of induced sputum in 
adults with asthma: identification of subgroup with iso-
lated sputum neutrophilia and poor response to inhaled 
corticosteroids.Thorax 2002; 57: 875−9.

74. Gibson P, Powell H, Coughlan J, Wilson A, Abramson 
M, Haywood P, et al. Self-management education and 
regular practitioner review for adults with asthma. Co-
chrane Database Syst Rev 2003; 1: CD001117.

75. Fugel HJ, Nuijten M, Postma M. Stratified medicine 
and reimbursement issues. Front Pharmacol 2012; 3: 
181. doi: 10.3389/fphar.2012.00181.



eJIFCC Vol. 26 Nr. 1 - Page 63

Evaluating biomarkers  
for guiding treatment decisions
Patrick M. Bossuyt, Parvin Tajik
Department of Clinical Epidemiology, Biostatistics & Bioinformatics, 
Academic Medical Center, University of Amsterdam, The Netherlands

A R T I C L E  I N F O A B S T R A C T

Corresponding author: 
Patrick M. Bossuyt 
Dept. Clinical Epidemiology, 
Biostatistics & Bioinformatics 
Academic Medical Center 
University of Amsterdam
Room J2-127 PO Box 22700 
1100 DE Amsterdam 
The Netherlands
E-mail: p.m.bossuyt@amc.uva.nl

Key words: 
biomarker, medical test evaluation, 
evidence-based medicine, 
clinical effectiveness

The genetic revolution is expected to lead to improved tar-
geting of new and existing forms of treatment. Rather than a 
one-size-fits-all blockbuster strategy in battling disease with 
drugs and other interventions, a more precise approach is 
becoming available, one in which treatment is only offered 
to those likely to benefit. The identification of those likely 
to benefit from treatment could be based on one or more 
biomarkers, but in an era where medical decisions aim to 
be evidence-based, the use of treatment selection markers 
should not just be based on hope and optimism, but on solid 
data from sound research. The performance of the treatment 
selection marker should be expressed in quantitative terms, 
similar to the way we express the clinical performance of di-
agnostic markers, or the performance of prognostic markers.

We describe recent research on this issue. First we present in 
intuitive terms a general, decision-theoretical framework for 
making treatment decisions. We then describe some mea-
sures for expressing the performance of treatment selection 
markers, showing that conventional measures of clinical per-
formance, such as clinical sensitivity and specificity, are not 
decisive or helpful. In the last part of the paper, we provide 
a brief summary of study designs for evaluating treatment 
selection markers. Like all other forms of medical testing, po-
tential treatment selection markers should be properly evalu-
ated before they are implemented in routine clinical practice.
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INTRODUCTION

The unraveling of the human genome has fu-
elled high hopes for the advancement of clini-
cal medicine. Many believed that our improved 
understanding of the role of genes, the function 
of proteins, and the characterization of small-
molecule metabolite profiles would strengthen 
our understanding of the origins of disease, and 
would help to clarify disease mechanisms. This 
would eventually lead to new and better forms 
of treatment, enabling clinicians to sustain and 
restore health for their patients, and to prevent 
premature death.

The benefits from the genetic revolution 
would not just come from new forms of treat-
ment. The advances in knowledge were also 
expected to lead to improved targeting of new 
and existing forms of treatment. Rather than a 
one-size-fits-all blockbuster strategy in battling 
disease with drugs and other interventions, a 
more precise approach would become avail-
able, one in which treatment is only offered 
to those likely to benefit. The identification of 
those likely to benefit from treatment would 
be made based on one or more biomarkers. 
We will refer to such biomarkers as “treatment 
selection markers”. 

In an era where medical decisions aim to be 
evidence-based, the use of treatment selec-
tion markers would not just be based on hope 
and optimism, but on solid data from sound 
research. It is not sufficient to expect a bene-
fit from using a biomarker to guide treatment 
decisions, one should also have convincing evi-
dence that the marker is actually able to do so. 
The performance of the treatment selection 
marker should be expressed in quantitative 
terms, similar to the way we express the clini-
cal performance of diagnostic markers, or the 
performance of prognostic markers. 

These new ambitions pose a challenge for labo-
ratory professionals, and for researchers and 

methodologists in general. How does one know 
that a marker is fit to serve as a guide for treat-
ment decisions? How can one express the per-
formance of a treatment selection marker? 

This paper summarizes some recent research 
on this issue. First we present in intuitive terms 
a general, decision-theoretical framework for 
making treatment decisions. We then pres-
ent some measures for expressing the perfor-
mance of treatment selection markers, show-
ing that conventional measures of clinical 
performance, such as (clinical) sensitivity and 
specificity, are not decisive or helpful. In the 
last part of the paper, we provide a brief sum-
mary of study designs for evaluating treatment 
selection markers.

THE ANATOMY OF TREATMENT DECISIONS

In general, a treatment decision is based on bal-
ancing the positive, hoped-for effects against 
the negative, feared effects. The latter could be 
a combination of the side-effects of treatment, 
the burden of treatment (going to the hospital 
at regular intervals, or taking pills daily), and the 
societal costs: the resources used to develop, 
build and administer treatment. The positive ef-
fects are the health gains expected from treat-
ment: restoration of health, or the prevention 
of worsening. 

If we assume the negative effects are all known, 
we can re-express the treatment decision as a 
threshold issue. Are the positive effects large 
enough to offset the negative ones? Assume, 
for example, that the positive, hoped-for effect 
is an increase in 5-year survival from adjuvant 
chemotherapy for a cancer patient. Assume, 
additionally, that we have a reliable estimate of 
the 5-year survival for that patient. We then can 
present the negative effects of adjuvant che-
motherapy to the patients and ask the patient 
how large the gain in 5-year survival have to be 
to justify treatment for that patient. Assume 
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then that a new, large RCT comes out that has 
estimated the survival benefit of this form of 
adjuvant chemotherapy for patients similar to 
the one facing the decision. That patient then 
can compare the gain in survival – in absolute 
terms – with the personal threshold. If the gain 
is larger than the threshold, adjuvant chemo-
therapy seems justified. Otherwise, if the gain 
is smaller than the threshold, this is not the 
case. 

In this case we base the recommendation 
about treatment not on the statistical signifi-
cance of the treatment effect, as estimated in 
the randomized trial. As is well known, such a 
significance test only evaluates whether the 
difference in survival is zero. In case of a signif-
icant result, we have rejected the null hypoth-
esis of equality. With a two-sided test, this im-
plies that the alternative hypothesis specifies 
that the survival difference is either negative 
or positive; with a one-sided test, the alterna-
tive hypothesis typically specifies that there 
is some survival gain. So conventional statisti-
cal significance tests typically do not indicate 
whether the health gains are large enough. 
We must add that, in principle, it would be 
perfectly possible to formulate an alternative 
statistical hypothesis test, one in which we test 
whether the treatment effect exceeds a pre-
specified threshold, but this is not typically 
done in randomized trials. 

The recommendation about treatment is also 
not based on the target difference, as used in 
the sample size calculations. This target dif-
ference helps to calculate the desired preci-
sion of a study, which is typically driven by the 
number of included study participants. The 
target difference can provide reassurance that 
the study will be informative, in the sense that 
a relevant difference, if one exists, is likely to 
be detected with the required statistical preci-
sion (1).

Asking for a threshold for the treatment effect 
sounds like a complicated question to ask a pa-
tient. It is probably not an easy task to define 
a personal threshold, but existing research has 
shown that the question is indeed answerable. 
For adjuvant chemotherapy, for example, the 
actual question “what makes it worthwhile” 
has been asked to patients with non-small-cell 
lung cancer (2), to patients with early colon 
cancer (3), and patients with early breast can-
cer (4). 

The threshold does not have to be same for 
every individual patient: for some the required 
gain may be fairly large, while for others ex-
tending survival is extremely important, and 
their threshold for accepting treatment is close 
to zero. This is definitely an area for personal-
ized medicine: not in the abundant use of next-
generation sequencing, but in the recognition 
that personal values and trade-offs differ. De-
spite this recognition, we will assume for now 
that there is one common threshold, to ease 
the exposition.

In itself, the threshold approach is as old as 
decision theory. It was introduced, or re-in-
troduced, into medicine in the 1970s, through 
impressive articles written by Steve Pauker and 
Jerome Kassirer, which formed the start of clin-
ical decision analysis and helped to launch eco-
nomic evaluations in health care (5, 6).

Note also that the question about a large ben-
efit is usually phrased in terms of the absolute 
benefit: the survival gain in percentage points 
at five years, for example. Although treatment 
effects in trials are typically expressed in rela-
tive terms, answering the question about the 
threshold in such relative terms is much more 
challenging and complicated. 

TREATMENT SELECTION MARKERS

So, when can a marker act as a treatment selec-
tion marker, to guide decisions about treatment? 



eJIFCC Vol. 26 Nr. 1 - Page 66

Patrick M. Bossuyt, Parvin Tajik
Evaluating biomarkers for guiding treatment decisions

The threshold approach to decision-making, as 
just introduced, allows us a simple rule to ar-
rive at a conclusion when evaluating a biomark-
er’s potential to guide treatment. We assume 
for now that the marker is present or absent, or 
takes values in a well-known range. To be suf-
ficiently general, we suppose that the marker 
is quantitative, be it on a dichotomous (1/0), 
ordinal, or interval scale.

One condition for a marker to act as a treat-
ment selection marker is the existence of het-
erogeneity in the treatment effect. Keeping to 
the example of survival gain from adjuvant che-
motherapy, this means that not everybody in 
the trial population is expected to benefit to the 
same degree from the treatment: for some the 
benefit is larger, for others smaller, and there 
may be subgroups who do not benefit from 
chemotherapy, but are even harmed by it: their 
5-year survival is lower after treatment.

A second condition is then the existence of a 
reliable association between the putative treat-
ment selection marker and treatment benefit. 
We can further specify this condition in terms of 
a classification, relative to the (common) thresh-
old: the marker is able to identify a subgroup 
for which the survival gain is equal to or larger 
than the threshold, separating it from another 
subgroup where the survival gain is smaller, or 
even nonexistent: patients are not helped or 
even harmed by the treatment. The first group 
benefits from treatment – the gains exceed the 
threshold – while the second group does not. 

A marker can then act as a treatment selection 
marker if there is a value, or a range of values, 
that corresponds to a group who benefits, and 
the remaining values correspond to a group 
that does not benefit.

What then if the personal treatment thresh-
olds vary? In that case we have to generalize 
the second condition, over the distribution 
of values for the treatment threshold. The 

marker may be able to act as a treatment se-
lection marker for some, but not for all. If it 
can act as a marker for at least one (group of) 
patients, in the sense we just described, then 
it can be qualified as a (potential) treatment 
selection marker.

To further facilitate presentation of concepts 
and performance measures we describe a clini-
cal decision scenario with a potential treatment 
selection marker and discuss which measures 
do and which ones do not measure the per-
formance of the marker for guiding treatment 
decision.

As an example, we consider using vaginal cul-
ture in women with preterm premature rup-
ture of membranes to guide the decision for 
immediate delivery. In pregnant women in 
whom rupture of membranes occurs prema-
turely and before the onset of labour, a deci-
sion dilemma is whether to follow a strategy of 
wait-and-see or to perform immediate deliv-
ery to prevent infection and sepsis in the foe-
tus. Bacterial infection causing neonatal sepsis 
is most commonly associated with the Group 
B  streptococcus (GBS) from the mother’s va-
gina. Therefore testing the vaginal GBS colo-
nisation in mothers could potentially identify 
foetuses at higher risk of infection and may be 
a good candidate marker for guiding the deci-
sion for immediate delivery. 

In a trial, about 700 women with premature 
rupture of membranes were randomly assigned 
to immediate delivery or wait-and-see strategy 
(7, 8). Among the women studied, 14% had 
GBS-colonization and were marker-positive. 
Table 1 shows the association between the 
GBS-colonization and the outcome in the trial 
participants (9).

It may seem that we could quantify the perfor-
mance of a treatment selection marker with the 
usual measures of clinical performance: why 
not use sensitivity or specificity here? Indeed, 
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we could do so, but only if there was a straight-
forward clinical reference standard to identify 
with sufficient certainty those who benefited 
(sufficiently) from treatment, separating those 
from the rest, who did not. In that case the sen-
sitivity of the treatment selection marker would 
be the proportion of those who benefited, cor-
rectly identified as such by the marker, and the 
specificity would be the proportion of those 
who did not benefit, correctly identified as such 
by the marker. 

Unfortunately, this distinction is less easy to 
make on an individual basis in most treatment 
studies, where only the outcome under treat-
ment is observed, or the outcome under the 
absence of treatment. It requires a counterfac-
tual approach then to specify what would have 
happened with an alternative course of action. 
Below we will describe how we can use the in-
formation from the group of trial participants 
to evaluate the performance of a putative treat-
ment selection marker.

PERFORMANCE OF TREATMENT 
SELECTION MARKERS

We have just described the necessary condi-
tions for a marker to act as a treatment selec-
tion marker. These are absolute conditions: a 
marker either is or is not a (potential) treatment 
selection marker. Yet to make decisions about 
the actual use of the marker, a more quantita-
tive estimate of its performance is required. 

Janes and colleagues have explored a number 
of statistics to express biomarker performance, 
with descriptive and inferential methods to 
evaluate individual markers and to compare 
candidate markers (10, 11). They proposed use-
ful measures for analyzing marker performance. 
By combining them they calculate the popula-
tion benefit from using the marker as a treat-
ment selection marker, compared to a strategy 
of not using the marker to decide about treat-
ment in subgroups of patients. 

We use our clinical example in Table 1 to pres-
ent these measures. 

Table 1 GBS - colonization and outcomes (9)

Strategy
Patients with 

neonatal sepsis
% of  total

Patients without 
neonatal sepsis

Total patients

Wait-and-see

GBS Colonization 7 15.2% 39 46

No GBS Colonization 8 2.6% 305 313

Total 15 4.2% 344 359

Immediate delivery

GBS Colonization 1 1.8% 56 57

No GBS Colonization 9 2.9% 297 306

Total 10 2.8% 353 363
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Proportion of marker-positives

First we turn to the subgroup of patients who 
are marker-positive, in our example women 
with GBS colonization. GBS-positive women 
comprised 14% of women participating in the 
trial: 103 out of 722 (Table 1). So the proportion 
of patients in whom treatment recommenda-
tions could change following marker measure-
ment is 0.14. 

Average benefit of treatment 
among marker-positives

If marker-positive women receive a wait-and-
see strategy, 15.2% of their neonates will de-
velop neonatal sepsis. In contrast, when un-
dergoing immediate delivery only 1.8% of 
their neonates will develop sepsis. Immediate 
delivery will therefore result in a reduction of 
13.5% in the neonatal sepsis rate in this group: 
this is the average benefit of intervention in this 
subgroup.

Change in population event rate 
with marker-based treatment

This is the main composite measure of marker 
performance for treatment selection. It is based 
on the difference in overall outcome between 
not using the marker and using the marker for 
treatment decisions, aggregated over all mem-
bers of the target population. Based on marker 
status, we will only treat marker positives, so 
the expected change can be calculated by multi-
plying the proportion of marker-positives (0.14) 
with the average benefit of treatment in mark-
er-positives (13.5%): (0.14 × 13.5%) = 1.9%.

In other words, a strategy in which immediate 
delivery is only considered for marker positives 
will lead to an absolute decrease of 1.9% in the 
neonatal sepsis rate, compared to a wait-and-
see strategy for all. 

The impressive reduction in the neonatal sep-
sis rate in the GSB positives (minus 13.5%) may 

look like an adequate expression of marker per-
formance, but it is quite clear that the preva-
lence of the marker positives should also be 
included in the evaluation. 

The result is a clinically interpretable measure 
of performance of GBS testing for treatment 
selection. It evaluates the treatment selection 
marker in terms of its clinical effectiveness: its 
ability to lower the number of adverse events 
in the study population (12). With the same ap-
proach one can calculate the impact of applica-
tion of GBS-based strategy on other outcomes 
such as cost of care or rate of premature birth 
to complete an evaluation of the costs and con-
sequences of the marker-based strategy. 

In our example we did not discuss chance vari-
ability. Janes and colleagues have described 
methods for statistical inference and hypoth-
esis testing (11). They suggest that the perfor-
mance measures are only estimated if a null 
hypothesis corresponding to no marker perfor-
mance is rejected.

This approach assumed that the marker only 
acts as a selection mechanism, and that, in 
itself, it does not lead to the event one tries 
to prevent. It only does so by guiding treat-
ment. We also assume that the effectiveness 
of the treatment itself is not affected by know-
ing the marker status. This could happen with 
some strategies, for example, through better 
adherence or a different way of handling side-
effects. If these assumptions do not hold, the 
only way to evaluate the effectiveness of a 
marker-based strategy would be a randomized 
trial, allocating eligible participants, to this 
marker-based strategy or to an alternative: no 
treatment in all. 

By further extending this approach, Huang and 
colleagues define an extension of the net ben-
efit measure: expected benefit. This measure 
expresses the reduction in the sum of disease 
and treatment cost by using the marker, based 
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on the comparison between a marker-based 
treatment-selection rule and the optimal 
treatment strategy without the marker infor-
mation (13).

PREDICTIVE AND PROGNOSTIC MARKERS

In the oncology literature, the terms predic-
tive and prognostic markers have increasingly 
been used within the context of stratified or 
personalized medicine, but their use has been 
somewhat confusing. Some have stipulated, 
for example, that predictive markers are as-
sociated with drug response, in contrast with 
prognostic markers, which are associated with 
disease outcome (14). We have shown that is 
not so much the association with outcome or 
drug response that counts, but the ability to 
separate groups who benefit – with difference 
in outcome compared to the threshold – from 
those who do not.

In this relatively young field, several other met-
rics and statistics have been proposed to ex-
press the performance of treatment selection 
markers. Some of these can be severely mis-
leading, since they cannot provide evidence 
that a marker is helpful in guiding treatment 
decisions. 

These questionable measures include expres-
sions of the strength of the association be-
tween marker status and outcome, not ben-
efit. In Table 1, for example, one can see that 
marker positives have a six-fold higher risk of 
neonatal sepsis under a wait-and-see strategy. 
With a strategy of immediate delivery, the rela-
tive risk is 0.6. 

Both relative risks give information about the 
association between GBS colonization and 
outcome, but in themselves they do not re-
flect marker performance. Treatment decisions 
should not be guided by outcome in itself, but 
by benefit: the expected change in outcome 
produced by the treatment. 

CONCLUDING COMMENTS

It is exciting to see the developments result-
ing from rapid progress in our understanding 
of molecular processes. Biomarkers and other 
forms of medical tests are not only used for 
making a diagnosis or staging a disease, but 
for many other purposes, including decisions 
about treatment. To express the performance 
of such treatment selection markers, and to 
see whether they can actually be used for this 
purpose, we need a different set of measures. 
The classical clinical performance measures, 
such as clinical sensitivity and specificity, can 
only be used in rare circumstances. Relying 
on familiar statistics, such as relative risks, or 
simple significance tests, may actually be mis-
leading. Like all other forms of medical testing, 
potential treatment selection markers should 
be properly evaluated before they can be im-
plemented in daily clinical practice.
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Laboratory accreditation is still optional in many countries 
but it is increasingly the path that many have volunteered to 
take. The ultimate beneficiary of accreditation is the patient 
who is the ultimate end-user of the laboratory, since the 
reliability of results is assured with it. Reliable results in turn 
contribute to patient safety and effective treatment.

This book is yet another contribution from that well known 
authority on laboratory accreditation, David Burnett and is 
a successor to his previous publications, “Understanding Ac-
creditation in Laboratory Medicine” in 1996 and, “A Practi-
cal Guide to Accreditation in Laboratory Medicine” in 2002. 
The author has indicated that this will be his “third and final 
book”. It is primarily intended as a guide for laboratory pro-
fessionals seeking to implement or renew accreditation that 
uses the ISO 15189:2012 standard. It should also be useful 
to auditors working for accreditation bodies. While other 
standards for the clinical laboratory, exist the ISO 15189 has 
been recommended by the IFCC. 

This easily readable book is more than a manual for ac-
creditation. The opening chapter is a description of the ISO 
15189 standard and this is followed by one on defining and 
managing quality in the medical laboratory. In subsequent 
chapters due attention is given to organisation and manage-
ment, personnel, accommodation, environmental condi-
tions and safety. 
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The actual testing process is covered in three 
chapters, beginning with a chapter on equip-
ment, reagents, consumables and external ser-
vices. This is followed by chapters on pre- and 
post-examination processes and the quality of 
examination results. The book is replete with di-
agrams and tables which makes it easy to read. 
However, though pre-analytical errors may con-
stitute up to 75% of laboratory errors (1), they 
receive a scant 18 pages of attention.

There are three useful appendices. The first is 
on “The ‘Ideal Standard’ and ISO 15189:2012” 
which is an index to the clauses of these stan-
dards and the chapters in which they are dis-
cussed. The next appendix provides some sam-
ple pages from the Quality Manual of a fictional 
hospital while the last appendix is a bibliogra-
phy of for each chapter of the book and includes 
several online references.

The book is comprehensive in its coverage of 
the subject. Yet one is left to wonder if more 
could have been done. Though it discusses haz-
ards and risk management in terms of the im-
mediate environmental and personnel of the 
laboratory, the book does not address the wider 
impact to the environment of the laboratory’s 

activities. While this topic may not be within the 
remit of the ISO 15189 standard, Burnett would 
have done us a great service had he devoted a 
small section to the environmental impact of 
laboratories and how it could be incorporated 
into overall quality management. This is but a 
suggestion and is not meant to be a criticism 
of what is otherwise a very useful textbook on 
accreditation.

A check with Google reveals that there are not 
many books on the ISO 15189 standard. It is 
usually a challenge for those new to accredi-
tation to understand and interpret the techni-
cal jargon of manuals (the more familiar word 
“test”, for example, is replaced with the all-
encompassing “examination” which is usually 
used for histopathology) which require subtlety 
and appreciation of nuance. Hence, there is a 
need for clearly written guides for the imple-
mentation of this standard. This book is an an-
swer to that need.
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Nowadays, the majority of clinical laboratories operate as 
high throughput factories. Financial reasons and quality con-
trol issues both justify the widespread application of auto-
mated systems and ready-to-use reagents. While technical 
evolution lead to an exceptional improvement in the produc-
tivity of clinical labs and the generation of high quality data, 
on the other hand, however, we have to pay the price of this 
development. This price is particularly not one of an econom-
ic nature; it is rather some loss of the miracles of the in vitro 
world that attracted older generations – assistants, chem-
ists, laboratory doctors and other professionals – to the lab. 

Once these miracles had included a quite range of colorful 
reactions reflecting the successful compilation of reagents; 
the dramatically increasing absorbance values as the result 
of the functioning of a vivid serum enzyme in the tube; or 
the appearance of stripes on an electrophoretic gel after 
a fierce overnight work to isolate proteins. Unfortunately 
for many, these miracles were switched by such simple 
processes as ’push the button’, ’load the system’, ’save’ or 
’print’ the results etc. and all the lab work was getting to 
resemble to a black box that generates somehow results 
from samples. And, while all the results may completely 
fit to external and internal QC programs, the personal con-
tribution of professionals gets to become minimal. (In line 
with this trend I also noticed in a personal pilot survey that 
an almost negligible minority of labs working in the field of
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clinical chemistry use routinely scales, pH‑mea-
surement device, spectrophotometers in a uni-
versity environment.) Finally, there is a new 
generation already working in clinical chemistry 
’factories’ that has less and less personal expe-
rience with in vitro world.

The book “Practical Clinical Chemistry: Core 
Concepts” may be a tool to bring back some of 
the essence of the good old times for students 
and even for younger colleagues. Its structure, 
problem-based approach and well-designed 
practical demonstrations in each chapter are ef-
ficient tools to introduce the beauties and also 
the challenges of clinical chemistry methods for 
the interested readers. Although the size of this 
book is limited to 126 pages, being presented  
in 14 chapters gives a very impressive overview 
of clinical chemistry lab work. 

The first page of each chapter defines clearly the 
objectives of the knowledge transfer. Then, the 
chapter is divided on two major parts. Yellow 
color-coded pages indicate the practical tasks 
for students to perform, while light blue pages 
contain instructor’s guide along with the expla-
nation of observation and, also, a condensed ex-
planation of clinical usefulness of results. Clear 
and high-quality figures and photos are also in-
corporated in a justified amount that supports 
the understanding of the described material. 
This design and structure largely support the 
professional consistency of the book and help 
the readers to orientate themselves easily.

This fascinating book provides a well-designed 
and didactic way that covers almost all the ma-
jor fields that are 70-100 per cent automated 
in our days. Chapters let a short insight into 
basic laboratory practices; present the differ-
ence between end-point and kinetic assays; 
indicate basic principles of protein assays and 
immunoassays etc. The readers can learn basic 
ideas behind immunoassays, electrophoresis of 
proteins. A specific chapter is also devoted to 
introduce some very basic molecular biology 
methods. After the successful completion of 
presented practical tasks and learning the at-
tached explanations the students will be under-
stand basic mechanisms leading to the genera-
tion of laboratory results. With this knowledge 
they may be able to look critically at data gener-
ated with the use of automated systems and, 
possibly, to intervene in case of urgency. 

I am convinced that this novel book will largely 
support the graduate and post-graduate edu-
cation in clinical chemistry. One minor limita-
tion with this educational tool is that currently 
iPhone/iPad/Mac is the only medium where it 
is available; therefore, a significant part of the 
clinical chemistry community having no iPhone 
still has no chance to obtain it. I hope that ob-
served positive experience will foster producers 
to extend this book for PC or other systems and 
make it more widely available.
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