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Abstract: The current failure to evidence any link
between laboratory tests, clinical decision-making and
patient outcomes, and the scarcity of financial resources
affecting healthcare systems worldwide, have put further
pressure on the organization and delivery of laboratory
services. Consolidation, merger, and laboratory down-
sizing have been driven by the need to deliver economies
of scale and cut costs per test while boosting produc-
tivity. Distorted economics, based on payment models
rewarding volume and efficiency rather than quality and
clinical effectiveness, have underpinned the entrance of
clinical laboratories into the production industry thus
forcing them to relinquish their original mission of pro-
viding medical services. The sea change in laboratory
medicine in recent years, with the introduction of ever
newer and ever more complex tests, including ‘omics’,
which impact on clinical decision-making, should
encourage clinical laboratories to return to their original
mission as long as payments models are changed. Rather
than being considered solely in terms of costs, diagnostic
testing must be seen in the context of an entire hospital
stay or an overall payment for a care pathway: the test-
ing process should be conceived as a part of the patient’s
entire journey.

Keywords: clinical laboratory; economies of scale; fee-
for-service; personalized medicine; quality; total testing
process.

*Corresponding author: Professor Mario Plebani, Department of
Laboratory Medicine, University-Hospital of Padua, 35128 Padua,
Italy, Phone: +39 0498212792, Fax: +39 049663240,

E-mail: mario.plebani@unipd.it

Introduction

The clinical laboratory has recently been defined as ‘the
nerve center of diagnostic medicine’ because it provides
essential information not only for diagnosis and monitor-
ing, but also for screening, prevention, early diagnosis,
tailored treatment and the more effective monitoring of
human diseases [1]. Laboratory medicine is the keystone
in medical decision-making and in tailoring medicine
for the individual patient [2]. Accordingly, the Institute of
Medicine (IOM) has now included laboratory services in
the 10 Essential Benefits Categories in the US healthcare
system [3].

As stated in a number of papers [4, 5] and reports
from National Health Departments (e.g. UK and Italy),
‘60%-70% of patients’ diagnoses depend on laboratory
tests’ [6, 7]. Yet the contribution of laboratory investiga-
tion to making sound medical diagnoses continues to be a
controversial issue. Across multiple studies performed in
the past, no adverse effects have been associated with a
reduction in the number of laboratory tests and no change
reported in readmission rates, transfer to intensive care
unit, length of stay, and mortality [8, 9]. However, these
studies have design bias, and poor transferability; their
results are strongly influenced by specific clinical settings
and case mixing, and do not include recent advances in
laboratory medicine. Since outcome measurements are
integral to the development, regulatory approval, and
marketing of new drugs, the literature on treatments is
abundant while that on diagnostic outcomes is scarce. Of
course this dearth is partly due the difficulty involved in
demonstrating the outcome of a laboratory test, which is
usually temporally remote, and also to the fact that the
clinical response to a test result may vary according to the
individual physician’s competence, and any further clini-
cal information provided [10]. Furthermore, it is extremely
difficult to perform procedures such as randomized con-
trolled trials investigating laboratory tests that are already
well established in clinical practice [11]. On discussing
the issues of appropriateness and clinical effectiveness
of laboratory testing, George D Lundberg, the inventor of
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the seminal ‘brain-to-brain loop’ concept, recently stated
that ‘thirty-nine years after (the discovery of the concept)
these questions, plus the big new one — what outcome
that resulted from the tests? — still beg to be answered’
[12]. The lack of evidence of the link between laboratory
tests, clinical decision-making and patient outcomes, plus
the shortage of economic resources affecting all health-
care systems, have compounded the increasing pressure
on the organization and delivery of laboratory services.
Currently, experienced in laboratories worldwide, con-
solidation, merger and downsizing are driven by the need
to deliver economies of scale, reduce cost per test and
improve efficiency and productivity. Since essential stake-
holders (administrators and politicians) seem to consider
it a ‘mass production facility’, the clinical laboratory is
now expected to churn out larger test volumes as cheaply
as possible. The aim of this paper is to briefly review the
development and evolution of clinical laboratories as a
new entity in medical care, to investigate why they have
been forced into the production industry, and to design a
process that should enable them to reclaim their original
mission: to provide a medical service.

Roots and development
of laboratory medicine

Laboratory medicine as we now know it, is a relatively
young discipline, although it has historical roots, from
Hippocrates, who in 300 BC examined urine to diag-
nose diseases [13, 14], to Bacon, who in the 13th century
experimented with optics, which led to the invention of
the microscope [15]. However, the value of diagnostic
testing was not appreciated until the causative patho-
gens of diseases, such as cholera, tuberculosis and diph-
theria were discovered; the premises of the first clinical
laboratory, established in 1896 at John Hopkins Hospital
in Baltimore, covered the 144 square feet (13.378 m?) of
a room sold for $50 [16]. Other well-known US clinical
laboratories founded in the early 1900s were the William
Pepper Laboratory of Clinical Medicine of the University
of Pennsylvania and the Children’s Hospital of Colum-
bus, Ohio [17]. Only in the 20th century did clinical labo-
ratories become an established medical entity, and every
hospital eventually had an in-house service, the growth
between 1969 and 1976 estimated at about 15% a year. An
important driver for establishing clinical laboratories as
a well-defined medical facility was the regulatory issue.
The enactment of the Clinical Laboratory Improvement
Amendments (CLIA) in 1988, and successive changes in
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1997 and 2012, respectively [18], as well as the develop-
ment of accreditation programs starting from that pro-
vided by the College of American Pathology [19] until the
more recently developed ISO International Standard [20],
and the decision by many payers, including Medicare, to
pay only diagnostic tests performed in accredited labora-
tories represented essential factors for the development
of ‘centralized’ clinical laboratories. These factors led
to the fairly rapid demise of small diagnostic laborato-
ries overseen particularly by sub-specialists in internal
medicine and pediatrics, as before external regulations
‘any graduate student with a pipette and fluorimeter
could deliver clinical test results’ [21]. As a consequence,
Rex B. Conn highlighted in a paper published in 1978
that ‘during the past 30 years the clinical laboratory
has evolved from a small, crowded room in the hospital
basement to an organization of marvelous complexity’
[22]. The welcome development of clinical laboratories
was due to advances in technology, the discovery and
introduction of new diagnostic tests, and the inevitable
modifications in medical education and clinical practice
(Figure 1), but concern has been expressed regarding the
implications of ‘powerful economic stimuli’ in the sphere
of laboratory medicine [22].

Distorted economics

In his seminal paper, Rex B. Conn wrote that ‘hospital
accounting practices have had a profound influence on
the development of clinical laboratories and how they
are managed because revenues are highly leveraged to
true laboratory costs’, and therefore ‘modest changes in
work load accompanied by even more modest changes
in actual costs are reflected by large changes in gross
revenues’ [22]. Calculating the cost of a laboratory test
or test panel has always been a challenging task. Clearly
the cost of testing in the laboratory must be distinguished
from the charges (reimbursement) to the outside payer;
since several variables are affecting this issue, it has been
common policy to calculate reimbursements due on the
basis of charges and/or cost, depending on the payers
involved. For example, laboratory tests performed in an
emergency setting, on Sundays and public holidays, are
much more expensive than those performed according to
schedule on weekdays. Yet scarce consideration has been
given to these and other variables influencing the costs.
The fee-for-service model for reimbursing laboratory tests
performed for both inpatients and outpatients has been
the only one used for many decades.
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Figure1 Drivers of developments of the clinical laboratory and their effects.

According to this widely accepted model, and other
similar types of contracts, laboratory tests are billed
directly to the payer and can generate large profits, the
charges usually being significantly higher than the true
costs [23]. Hospitals considered laboratories convenient
profit centers that could be used to support deficit-pro-
ducing hospital operations (e.g., intensive care units and
emergency departments). In fact, room charges could not
be inflated beyond reason because charges in various hos-
pitals could be compared, and patients could compare the
charges to those in a first class hotel. However, charges
for laboratory tests were small dollars amount (little-ticket
technologies), and no user knew how much a labora-
tory test was worth [24]. As recently stated by Charles M.
Strom, ‘the hospital laboratory became a cash cow with
potential to generate large profits’ [21]. While the fixed per
diem reimbursement rate for hospitalization did set rigid
boundary conditions on the revenue available to operate
a hospital, there was no limit to the number of labora-
tory procedures that could be performed on the patient
involved. According to Rex B. Conn, ‘no hospital account-
ing system is so inelegant that profit from the labora-
tory appears as a discreet figure in a financial statement’
[22]. In the beginning, hospital laboratories had a virtual
monopoly in providing services for their own hospitalized

patients, and financial considerations prohibited meas-
ures aimed at more economical utilization of laboratory
testing. Later on, because hospital laboratories were the
bellwethers in setting laboratory charges, the field was
attractive to large independent laboratories which could
easily perform the same tests and sell their services at a
much lower price [24]. Only after the introduction of the
diagnosis-related group (DRG) system in the late 1980s
[25, 26] were charges for laboratory testing on inpatients
rolled up into a single overall fee for the entire hospital
admission based on the patient’s diagnosis. This, in turn,
has dramatically changed the scenario as the hospital
is paid the same overall fee regardless of how many, or
how few, tests are performed during the inpatient stay
[27]. The DRG system, originally implemented in a small
number of hospitals in New Jersey in 1983, was introduced
in hospitals throughout in the US in the late 1980s, and
later imposed on other countries. However, the distorted
economics had already caused extensive damage, and
strongly influenced not only the behavior of laboratory
professionals and care operators, but also the develop-
ment of automation and related technologies. In addition,
reimbursement for outpatient care is still based on fee-
for-service in most countries and the transition to global
payments for episodes of care, the so-called, Diagnostic
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Clinical and Therapeutic Pathway (PDTA), has long been
delayed and it is still widely debated.

Effects of distorted economics

Thanks to ‘distorted economics’, the main goals for both
laboratory professionals and in vitro diagnostic (IVD)
manufacturers became higher throughput and productiv-
ity in order to reduce the cost per test and improve effi-
ciency. Financial considerations that precluded measures
designed to achieve the more appropriate, evidence-based
use of laboratory services promoted an efficiency-oriented
generation of laboratory instrumentations. Technologi-
cal advances created a clinical laboratory infrastructure
with a significantly expanded capacity to accommodate
high volume testing with an expanding test menu; it was
increasingly affected by redundancy and showed little
concern for true clinical effectiveness.

The paradigm of the above trend is the application to
automation of one of the most impressive inventions in the
field of clinical chemistry: the continuous-flow autoana-
lyzer. This innovative approach to automation reduced, in
minutes rather than hours (or days), the need to complete
an analysis without the direct involvement of the person-
nel [28] and it was the first clinical analyzer to incorporate
a computer. The system evolved, with the generation of the
sequential multiple analyzers (SMA, e.g., SMA 6/60 and
12/60), until the final analyzer called sequential multiple
analyzer with computer (SMAC). These systems increased
throughput and rapidity while reducing the need for
huge sample volumes, providing test panels based on the
availability of analytical methods rather than answers to
specific clinical questions. The so-called ‘SMA or SMAC
profiles’, which simultaneously yielded up to 20 biochem-
ical parameters, met the increasing demand for labora-
tory tests, but reinforced the idea that laboratories are
purely technological facilities and providers of commodi-
ties. With this generation of analyzers the cost of the test
profile was lower than the additional costs of individual
tests, the cost of the single reagent being scarcely influent
compared with the cost of the analyzer and the saving of
the personnel’s time. In addition, the concept of test panel
provided by these analyzers was attractive to most phy-
sicians thanks to the inherent oversimplification of test
requesting; in many institutions, the older generation of
clinicians still tends to request the ‘SMAC or SMAC profile’
even though this instrument has long been defunct.

Although panel testing has been promoted to
reduce order variety by clinicians [29], the fixed series of
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laboratory tests applied to a broad category of patients
with quite different diseases increased inappropriate
utilization and wasted laboratory resources [30]. High-
volume, multiple-test analyzers have gained ground
because they meet the needs of laboratories with an
increasing workload of basic chemical tests, but they
have forced laboratories to follow the production indus-
try model. Currently, core laboratories are increasingly
designed to perform a large volume of tests at the lowest
possible cost (economies of scale). As core laborato-
ries continue to evolve and maximize efficiency, they
no longer feel the need to reduce testing and maximize
appropriateness. In fact, ‘the reward structure for a
core laboratory is the polar opposite of that for control-
ling test utilization’ [31]. Test utilization is rewarded
by reducing unnecessary testing and associated costs
while increased core laboratory test volume maximizes
test capacity, efficiency, and justifies any increase in the
demand for resources (e.g., personnel, reagents, new
instrumentation). If the test capacity is not ‘maximized’,
there is ‘wastage’, instruments and personnel standing
idle [31]. These diametrically opposed reward systems
have led to tension between laboratory medicine prin-
ciples of clinical appropriateness and laboratory man-
agement principles of efficiency and cost-effectiveness
(Table 1).

As highlighted by Rex B. Conn, ‘in this economic
environment laboratories may be staffed and instru-
ments purchased on the basis of the projected rev-
enues rather than on the basis of considered medical
judgment regarding the requirements for cost-effective
patient care’ [22]. As automation of increased workload
and complex workflows became increasingly dominant,
clinical laboratory Directors are faced with issues, such
as total quality management (TQM), certification and
accreditation, Lean, Six-Sigma and other management
systems, while losing sight of their original mission to
provide valuable information for improving quality of
care and patient safety [32].

Table1 Principles of laboratory medicine versus principles of
industrial management.

Principles of laboratory medicine Principles of industrial

management

— Appropriateness (in requesting
tests and interpreting results)

— Quality in the total testing process

- Patient-centered service

- Patient safety

- Valuable clinical outcomes

— Throughput and
productivity

— Cost per test

— Efficiency

— Revenue
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Centralization or decentralization
of clinical laboratories

As the pace of technological advancements in laboratory
medicine accelerated, the extensive use of automation
and other mass-production techniques enabled opera-
tors to guarantee the timely release of results despite
the impressive increase in test requesting and workload.
However, this achievement had two pitfalls: one, the pro-
gressive autonomy from the clinical context incurring the
risk of inappropriate test requesting and the misleading
interpretation and utilization of laboratory information,
the other, the perception of laboratory services as a com-
modity or ‘mass-produced unspecialized products’ to
be evaluated solely on the basis of cost while overlook-
ing quality [33]. Together, these trends caused clinical
laboratories act as insular departments, focusing almost
exclusively on their silos while neglecting any proactive
and interactive relationship with clinics. Moreover, the
larger, faster and more expensive laboratory instruments
that became available precipitated economic pressures
for centralization. As the focus was on economies of scale
and the lowest possible cost per test and productivity, the
final organizational design hinged upon a few centralized
laboratories with enormous, high-speed analyzers per-
forming dozens of tests on each and every specimen. In
theory, centralization or decentralization of clinical labo-
ratories should proceed concertedly according to the logic
of patient needs, care organization, technologic develop-
ments and economic constraints, but the above-described
inappropriate financial considerations have thwarted this
much needed process.

The commonly held assumption that bigger is better
cannot be applied to laboratory medicine. First, although
there may be a production line within the laboratory, we
must never lose sight of the fact that laboratory medicine
should be considered first and foremost a service industry,
trading in information and coping with multiple, complex
client interactions [34]. The diagnostic process, calling for
interaction between the clinical laboratory, the requesting
physician and the patient, is continuously evolving, and
the inherent ethical, organizational and economic aspects
deserve greater consideration [35]. In recent years, an
increasing number of papers and initiatives are promot-
ing a more rational utilization of laboratory services with
a focus on managing upstream demand and downstream
interpretation of laboratory results to safeguard quality
and patient safety in the ‘brain-to-brain loop’ [36]. Exam-
ples of debatable issues include direct access to labora-
tory tests, and the direct reporting of laboratory results
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to the patient [37], aspects that, in the era of genomics,
highlight the need for an approach based on ethics and
patient safety, rather than on economics. For example,
the notification of critical values has been described as
a time-consuming and expensive activity that should be
outsourced to call centers [38]. Yet critical results, which
are frequently unexpected, may call for a change in treat-
ment and can result in significant clinical benefit if issued
promptly, and accompanied by clinical advice from labo-
ratory professionals [39]. Second, although at first glance
economies of scale appear to reduce costs, the relationship
between cost and increasing volume is complex, and cer-
tainly not linear. Our group found that the trend towards a
decrease in total costs — due to an increase in test volumes
— attained statistical significance only for quantities of
up to about 1,100,000 tests per year. For 1,800,000 tests
and more, the cost per test appeared to range from 1.5
to 2.0 € irrespective of the different volumes [40]. As in
other fields of production, the law of diminishing returns
applies to increasing volume beyond a certain point; in
clinical laboratories in particular it differs according to
several variables, including the complexity of the main
organization, number and types of specialty in the hos-
pital, number of production facilities of the laboratory,
different case mix, and the inpatients/outpatients ratio
[41]. Third, several studies performed in clinical settings,
ranging from primary care to internal and emergency
medicine, demonstrate the unacceptable rates of errors in
test request and interpretation of results, as well as their
association with diagnostic errors [42-44]. The dichotomy
between the clinical world and the mere production of 1ab-
oratory data is not only costly, but also conducive to inef-
fective and potentially risky care. An increasing body of
evidence demonstrates the substantial downstream costs
of laboratory testing due to inappropriate request and
result interpretation, as the clinical work-up of ‘suppos-
edly’ abnormal results takes up the time of physicians and
may prompt further radiological studies and unnecessary
further laboratory testing [24]. As highlighted by Knowles
and Barnes, ‘...clipping a few cents off the cost of a routine
blood test will yield little benefit if it is the wrong test,
done at the wrong time for the wrong reasons’ [34]. Fourth,
evidence provided in recent years demonstrates that pre-
analytical errors account for about 70% of errors in labo-
ratory testing [45, 46]. One of the major assumptions of
centralization of clinical laboratories is the safe transpor-
tation of biological samples. However, recently reported
data demonstrate that the safe transportation of biologi-
cal samples necessitates a careful control of time and tem-
perature variables, together with the use of appropriate,
costly logistic solutions that call for the attention of both
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collection centers and laboratory staff [47, 48]. In addition,
available literature on sample transportation and quality
is based on data collected on samples from healthy blood
donors or from cohorts with a high prevalence of values
within the reference range. Samples from patients behave
differently and might evidence clinically significant dif-
ferences after transportation, as has recently been clearly
demonstrated for some hematological parameters as well
as for basic biochemical tests [49-51]. Finally, a further
hazard in the factory approach to laboratory medicine is
the prospect of disruptive innovation. Research into the
life cycle of innovation in a number of different industries
shows a common pattern: initially ‘sustaining innova-
tion’ prompts organizations to consolidate and central-
ize around expensive and complex technologies that
require high volumes and high profit margins to sustain
them before simpler, more user friendly technologies are
designed in order to bring the solution closer to the end
user (disruptive innovation) [52]. The new generation of
point-of-care testing (POCT) should provide an adequate
answer to the development of disruptive innovation,
which was foreseen a decade ago [53]. Advances made
in miniaturization and connectivity have led to the avail-
ability of devices with micrometer-sized features designed
to perform a range of assays and to integrate all of their
steps onto a single small device—the so-called lab-on-a-
chip [54]. This in turn is expected to allow the continu-
ous expansion of the near-patient testing (NPT) option.
In general, POCT and NPT involve small, transportable
analytical devices that facilitate the quick generation of
results to enable prompt diagnostic and interventional
decisions. The use of POCT, particularly in some Institu-
tions, may significantly reduce the turnaround times and
limit the number of tests referred to the main clinical labo-
ratories. As reported by Jani and Peter [55], particularly in
areas of limited resources, ‘classic diagnostic technologies
are not well suited to meeting the expanded testing needs.
Laboratory tests require complex infrastructure, skilled
technicians, and a stable supply of electricity. Traditional
testing is usually performed in remote laboratories which
increases the cost and inconvenience of accessing health
care and leads to a high number of patients who leave the
system before a diagnosis is established’ [55]. The rise of
POCT is thus expected to expand access to medical ser-
vices, improve health outcomes, and facilitate the sus-
tainability of disease-control programs. However, most
laboratory professionals perceive POCT as an ‘alien’ and
dangerous alternative to traditional laboratory services,
while it should be a typical issue of clinical governance
in laboratory medicine [56]. Odysseus navigated between
Scylla and Charybdis, and laboratory professionals seem
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to be navigating between a rock and a hard place: totally
automated and focused factories and the widespread
introduction of decentralized and POCT options [33, 57].

Hospital versus commercial
laboratories

An important influence on laboratory testing, initially in
the US and thereafter in other Countries, was the massive
growth of independent, for-profit laboratories. These
facilities started to provide, in addition to analytical
operations, courier service to doctor’s offices, as well as to
other care institutions including hospitals, and returned
results via computer or fax with short turnaround times.
According to these features, diagnostic testing came to be
increasingly view as a commodity and laboratories results
at lower costs became more attractive to managers not
trained in science or medicine [24]. Distorted economics
have generated debate regarding the possible competi-
tion between academic/hospital-based and commercial
laboratories. In theory, academic/hospital-based labora-
tories should be non-profit providers of patient-centered
services, while the main goal of profit-sector is to assure
operational efficiency. However, as the distorted econom-
ics led to significant revenues for laboratory services, not
only commercial but also hospital laboratories became ‘a
cash cow’ with the potential to generate large profits [22].
The debate regarding the possible advantages and disad-
vantages of the two ‘phenotypes’ of clinical laboratories,
and whether the use of private companies should increase
or decrease health care costs focused on mere efficiency
issues such as the cost per test. Comparing costs in hos-
pital laboratories to those in private laboratories is at
best difficult because of the differences between these
two types of service providers [58]. Hospital-based labo-
ratories provide more ‘stat’ services, are open on nights,
Sundays and public holidays and do more esoteric and
reference work. In addition, they play a vital role in trans-
lational medicine, and educate medical students, labora-
tory technicians, house staff, post-doctoral fellows and
other care operators. Yet several attempts have been made
to compare their costs, despite the caveats. In 1994, the
Ontario Hospital Association emphasized the ‘massive
reserve capacity in the hospital laboratories ... a fully
staffed evening shift could absorb the private laboratories
workload without difficulty’ [59]. There is excess capacity
in public hospitals worldwide, especially for automated
analyses and routine tests, but the extent of the excess
has not been established. In addition, the method of
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determining cost on the basis of marginal costs of extra-
staff, and reagents is not advocated by the private labora-
tory industry, which aims to compare the discrete unit cost
of providing tests. However, even on calculating costs by
using the latter method, compelling evidence obtained in
Ontario shows that money can be saved by using hospitals
to process community laboratory work [60, 61].

No evidence is available to demonstrate that out-
sourcing laboratory services to the private sector assures
that costs are contained while quality and clinical effec-
tiveness are preserved. In fact, academic and commercial
laboratories can coexist in a mutually beneficial relation-
ship based on cooperation and competition on quality if
they, as well as policy makers and administrators, recog-
nize their different role and missions. In particular, the
vital role to play in translational medicine and education
of medical students should be taken into account when
evaluating the costs of academic/hospital laboratories
[62]. However, given the formidable sea change of labo-
ratory medicine experienced in recent years, a paradigm
shift in evaluating the value of laboratory services is
urgently required.

The changing face of clinical
laboratories

The sea change experienced by laboratory medicine in
the last few decades is the fruit of both technological
and scientific progress. As shown in Table 2, both these
drivers of progress have led to significant changes and
improvements.

The shortened turnaround times achieved thanks
to technological developments has made results avail-
able in real-time and dramatically improved the diag-
nosis and treatment of patients admitted to emergency
departments and intensive care units. The availability of
pivotal diagnostic information (e.g., blood-gas, electro-
lytes, disease biomarkers) at the point of care, and within
a few minutes, allows clinicians to make evidence-based
medical decisions and to immediately prioritize the treat-
ment of patients [30]. This has changed the clinicians’

Plebani: Clinical laboratories: production industry or medical services? =—— 1001

mind-set forever. On the other hand, the extraordinary
advancements in our understanding of the molecular and
biochemical bases of human diseases have paved the way
for the introduction into the clinical practice of a new gen-
eration of laboratory tests for earlier and more accurate
diagnoses, as well as for the identification of important
risk factors. Innovative and more effective laboratory
tests such as cardiac troponin I and T have, for example,
changed the paradigms for the diagnosis of acute coro-
nary syndrome and the same improvements have been
achieved for hematological and many other disorders.
Even greater expectations are based on the introduction
of ‘omics’ (e.g., genomics, proteomics, transcriptomics,
metabolomics), and the translation of ‘omics’ into clinical
practice gives laboratory professionals the opportunity to
make their role and value more visible [33]. On the basis
of this prediction, V. Roy emphasized the crucial role of
laboratory tests in modern medicine in stating ‘in the era
of molecular medicine, more and more diagnoses will be
made by laboratory tests in asymptomatic patients. The
goal is to make the diagnosis before clinical signs or symp-
toms resulting from organ damage become evident’ [63].
The medical community and policy makers, who underes-
timated the importance of the above issue, have been slow
to grasp the paradigmatic change in laboratory tests. Only
recently this aspect received the attention it deserves. In
commenting on an article concerning genetic testing, Tom
Walley underlined the evidence that ‘recent technological
developments have created a new generation of labora-
tory diagnostics, which promise to provide better ways
of detecting diseases and monitoring response to treat-
ment’ [64]; he stressed the need for a careful evaluation
of the tests themselves, starting from the purpose, the
clinical context in which they are to be used and adopt-
ing the ACCE framework based on a) analytical validity, b)
clinical validity, c) clinical usefulness, and d) any ethical,
social or legal implications [65]. This framework has been
conceived and suggested for evaluating all types of diag-
nostic tests, not only ‘omics’ [66]. Many other contribu-
tions available in the literature confirm the importance
not only of improving the regulatory framework for diag-
nostic tests, but also the need for laboratorians to assure
clinical advice and consultations to the patient’s medical

Table 2 Improvements in modern laboratory medicine (from reference [30], modified).

— Shortened turnaround time (real-time results) thanks to developments in analytical instruments and information technology
- Availability of more effective tests (strongly influencing the clinical decision-making process)
— Biomarkers for an early diagnosis and risk factors for disease prevention

—The era of ‘omics’ (e.g., genomics and proteomics)

— The nature of errors in laboratory medicine and testing-associated diagnostic errors
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team to improve the appropriateness in test request, result
interpretation and utilization. It was predicted that the
‘development of significant genetic advances to clinical
practice (would) take generations’ [67] but clinical labo-
ratories may play a relevant role in realizing the promise
of genomics and proteomics, offering their expertise and
willingness for translating research insights and new bio-
markers into standardized laboratory tests and reliable
clinical information [68]. For example, next-generation
sequencing (NGS) technology, which has been embraced
for its ability to revolutionize genetic testing owing to its
massively high-throughput nature, is replacing the previ-
ous gold standard, Sanger sequencing. However, assur-
ing the quality of NGS requires sound guidelines, as
well as monitoring of performance metrics and external
quality assessment programs and laboratory profession-
als should play a central role in addressing these issues
[69]. In particular, there is the need for a comprehensive
view of the diagnostic testing cycle, the so-called ‘brain-
to-brain loop [70], to avoid the risk of a wild request of
‘omics’ testing outside the appropriate clinical context.
Although the sea change in laboratory testing has already
been experienced, further developments and understand-
ing will only be achieved in the next few years. However,
to counteract the current perception of clinical laborato-
ries as simple ‘mass production facilities’ and overcome
their marginal role in clinical care, a paradigmatic shift
should be achieved also in the payment models. Diag-
nostic testing can no longer be considered in terms of the
cost of the procedure but in the overall context of the total
cost of a hospital stay or a bundled payment for a care
pathway: the testing process should be conceived as a part
of the whole patient journey [71]. Companion diagnostics,
for which tests are an integral part of the intervention, [72]
are a drop in the ocean, if we mean to promote and reward
a more appropriate role of laboratory testing in the care
pathway. ‘Value-based’ payment models that would hold
providers accountable for the outcomes and costs of care
delivery, rather than solely volume, are finally emerging
as a remedy to a payment model that has long underval-
ued total quality, care coordination, and appropriateness.
The current evidence of the need to reduce testing-related
diagnostic errors, assuring quality in the total testing
process and adopting a new outcomes-based approach in
laboratory medicine [73] must pave the way to obviating
the risk of relegating clinical laboratories to a ‘back office’
function. To regain their pivotal role, laboratory medi-
cine and laboratorians must be firmly reintegrated into
the care pathway. For this to be achieved, a paradigmatic
change must be made to the core curricula and training
programs of medical students, as already outlined in the

DE GRUYTER

literature [74, 75], more emphasis being placed on the
knowledge and skills required to provide valuable clinical
advice and consultancy in test request and result interpre-
tation. Transforming clinical laboratories from a business
model based on cost and volumes of test performed (the
‘silo model’) to an essential source of information for
high-quality care and an outcomes-oriented facility is the
only possible remedy for the workforce shortage experi-
enced worldwide [76]. To circumvent this progressive and
silent workforce shortage, academic and professional
organizations must promote valuable training programs,
and provide continuing education and mentoring to
upgrade the competencies of the personnel thus ensuring
management and improvement in all steps of the testing
process in close cooperation with all other care operators
and patients themselves. Teaching consultative skills is a
pre-requisite for changing both the function and the role
of the clinical laboratory.

Conclusions

The clinical laboratory is essential to health care. Medical
diagnoses and treatments rely on the accurate and timely
issuing of laboratory test results, and the trend towards
preventive and personalized care necessitates more
complex and effective tests and biomarkers. In the past,
growth in automation boosted productivity, timeliness
and analytical performances but it primarily benefited
the laboratory stakeholder (the silo model) rather than
end-users. Few studies have demonstrated the impact of
technological developments on the entire care pathway
and patient outcome. These developments hand in hand
with distorted economics, have led to the consolidation
of laboratory services and their organization as focused
factories that, thanks to their goal of maximizing pro-
ductivity and revenues, churn out huge volumes rather
than provide useful clinical information. However the sea
change in laboratory medicine, with the introduction of
more complex and effective tests, including genetic tests,
should lead the clinical laboratory back to its original
mission of providing a true and proper medical service —
and playing a more effective role in the patient’s journey.
This will be possible only if a paradigmatic change is
made to payment models whereby diagnostic testing will
no longer be considered in terms of the cost of the pro-
cedure but within the overall context of the total cost of
a hospital stay or a bundled payment for a care pathway.
By linking the dramatic advances in the test menu to
modified payment models we will assure a bright future
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not only to laboratory medicine, but also and above all to
patients and healthcare systems.
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