
Review

Mauro Panteghini*, Alberto Dolci, Sarah Birindelli, Dominika Szoke, Elena Aloisio
and Simone Caruso

Pursuing appropriateness of laboratory tests: a
15-year experience in an academic medical
institution
https://doi.org/10.1515/cclm-2022-0683
Received July 15, 2022; accepted August 8, 2022;
published online August 23, 2022

Abstract: Appropriateness in Laboratory Medicine has been
the object of various types of interventions. From published
experiences, it is now clear that to effectively manage the
laboratory test demand it is recommended to activate
evidence-based preventative strategies stopping inappro-
priate requests before they can reach the laboratory. To
guarantee appropriate laboratory test utilization, healthcare
institutions should implement and optimize a computerized
provider order entry (CPOE), exploiting the potential of
electronic requesting as “enabling factor” for reinforcing
appropriateness and sustaining its effects over time. In our
academic institution, over the last 15 years, our medical lab-
oratory has enforced various interventions to improve test
appropriateness, all directly or indirectly based on CPOE use.
The following types of intervention were implemented: (1)
applying specific recommendations supported bymonitoring
by CPOE as well as a continuous consultation with clinicians
(tumour markers); (2) removing outdated tests and avoiding
redundant duplications (cardiac markers, pancreatic en-
zymes); (3) order restraints to selected wards and gating
policy (procalcitonin, B-type natriuretic peptide, homocys-
teine); (4) reflex testing (bilirubin fractions, free prostate-
specific antigen, aminotransferases, magnesium in hypocal-
cemia); and (5)minimum retesting interval (D-Dimer, vitamin

B12, C-reactive protein, γ-glutamyltranspeptidase). In this
paper, we reviewed these interventions and summarized
their outcomes primarily related to the changes in total test
volumes and cost savings, without neglecting patient safety.
Our experience confirmed that laboratory professionals have
an irreplaceable role as “stewards” in designing, imple-
menting, evaluating, and maintaining interventions focused
to improving test appropriateness.

Keywords: computerised physician order entry; laboratory
medicine; laboratory test utilization; test ordering.

Introduction

Advising on the optimal use of laboratory tests to improve
the clinical effectiveness and patient outcome is one of the
main tasks of laboratory professionals [1]. They should take
advantage of seeing the entire process of test utilization,
which is crucial to identifying and prioritizing efforts to
improve ordering strategies [2]. However, practising test
appropriateness is not easy as this necessitates updated
knowledge supporting changes in policies and diagnostic
procedures. As described by Salinas and co-workers [3], the
initial step is to identify which laboratory test is used
inappropriately and in which patient population. After-
wards, effective interventions should be selected, and their
impact monitored and evaluated through suitable quality
indicators. Initiatives to manage upstream demand and
downstream interpretation of laboratory tests are crucial to
defining the mission of medical laboratories [4].

Effective interventions to improve
appropriateness in laboratory
medicine

Awide body of literature has described actions and strategies
that can be employed to improve test appropriateness. Tools
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used for thispurpose canbedivided into twomaincategories:
educational strategies and information technology (IT)-based
interventions (Table 1) [5]. In 2018, a systematic review sum-
marized the available evidence regarding the effectiveness of
these interventions [6]. Three activities for improving the
practice supporting appropriate laboratory test utilization
were recommended: (1) the use of a well-designed comput-
erized provider order entry (CPOE), (2) the use of reflex
testing, and (3) the implementation of combined practices
(because of a type of ‘summation effect’). On the contrary,
there was insufficient evidence for recommending all the
remaining types of investigated interventions, such as
education, use of expert systems, and feedbacks. Fryer
and Smellie summarized in advance this evidence when
they stated that to effectively manage demands for lab-
oratory tests and reduce inappropriate requesting it is
mandatory the activation of preventative strategies
stopping inappropriate requests before they could reach
the laboratory [7]. In line with this belief, we previously
recommended that healthcare institutions should fully

exploit the potential of electronic requesting acting as
“enabling factor” for reinforcing educational messages
and sustaining their effects over time [8]. While modi-
fying CPOE can be labor-intensive, and time and re-
sources required to develop interventions (e.g., for
establishing how to modify order sets or how a new order
form should be designed) can be significant, once such
modifications are agreed and implemented, their efficacy
is basically high as all requestors receive the intervention
upon ordering. Poor functionality within IT systems,
however, may limit the effective implementation of such
strategies [9].

Developing and applying recommendations

Educational measures alone are the weakest and the least
lasting approach over time, and recommendations alone
have little impact and are insufficient agents of change
[10]. To become effective and finally achieve efficacy of

Table : Types of intervention strategies proposed to reduce the inappropriate use of laboratory tests.

Interven on category Ac vity type Strength 

Educa onal  Pre-test Local recommenda on Low 

Advice for clinicians Medium 

Training and update mee ngs Medium 
Post-test 

Audits Low 

Feedback reports on data, ac vi es, 

and costs 

Low 

Formal admoni ons Medium 

Informa on technology-based  Test removal from order entry High 

Reflex tes ng High 

Constrains for minimum retes ng 

interval 

High 

Restraints to selected wards High 

Ga ng policy High 
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care, recommendations should be blown up at the local
level into more practical rules, extensively stating how,
when,where andwhy specific tests should or should not be
ordered. Furthermore, the release of local recommenda-
tions to guide laboratory test ordering is not enough to curb
the excess of requests and maintain the appropriateness if
it is not supported by strict monitoring by CPOE aswell as a
continuous consultation with requesting clinicians [11].

Removing outdated tests and avoiding
redundant duplications

Laboratories should revise their menus for obsolete tests
on a regular basis. Removing tests that offer little incre-
mental information would save money, avoid additional
investigations arising from incidental and clinically irrel-
evant abnormalities, and improve the risk to benefit ratio.
On the other hand, there are pairs of tests that are jointly
ordered inmany laboratories, although inmost cases there
are no pathophysiological reasons for associating these
requests, making this routine procedure an important
source of redundant duplications [8].

Reflex testing

A reflex test is a laboratory test performed exclusively
following certain results of the first related test. The
approach is based on pre-determined criteria that, if are
met by first-level test results, trigger the reflex test itself.
The reflex test is therefore performed automatically,
without the need of a second order. Benefits are the
reduction in unnecessary second level test measurements
and the no need of additional specimen collection, pro-
moting timeliness in driving medical reasoning and deci-
sion. Usually, these types of interventions have a high
efficacy because they constitute an all-in-one evaluation,
governed by IT, that differs from the same tests when
requested individually and opposes to the practice of
‘shotgun’ testing, in which more tests are performed
simultaneously [8]. In some cases, reflex testing may also
prevent test underutilization [12].

Constrains for minimum retesting interval
(MRI)

Several tests are believed to be too frequently ordered and
the introduction of MRI has been advocated [13–15]. MRI
interventions concern the periodicity of retesting (i.e., the

minimum time before a test should be repeated, based on
the properties of the test and the clinical situation in which
it is used) [16]. Criteria for determining MRI are based on
different measurand characteristics, which include bio-
logical properties, analytical aspects, treatment needs,
monitoring requirements, and established clinical guid-
ance. Each test implantedwith this type of appropriateness
intervention cannot be requested more than once in an
established period. This approach has a high effectiveness
because the block is plugged directly into the CPOE and
cannot be circumvented by ordering physicians unless
laboratory specialists decide to force the IT rule and restore
the rejected request in case of proven clinical need.

Restraints to selectedwards and gating policy

Applying restricted policies of test utilization, though vetting
of their orders (the so-called gating policy) is an additional
important option that laboratories can promote to preserve
the cost-benefit, particularly for complex and costly tests
with proven utility only in specific medical conditions. This
intervention is extremely effective because the only way
for clinicians to obtain the test is to contact laboratory spe-
cialists for justifying the request and override automated
rules [8].

The experience in our academic
institution

Setting

The ClinicalPathologyUnit (CPU)of theASSTFatebenefratelli-
Sacco in Milan (a multidisciplinary teaching institution affili-
ated with the University of Milan) is a regional accredited
medical laboratory serving a network of four public hospitals
located within the city and through northern hinterland (two
general hospitals with all major adult specialties and two
infant-maternity hospitals), according to the hub-and-spoke
model. With a staff of 15 people specialized in laboratory
medicine and a junior staff of eight trainees, it performs
approximately 3 million tests per year, including tests for
clinical wards, intensive care units (ICU), emergency de-
partments (ED), outpatients, and two affiliated retirement
homes. During the last decade, one of the most important
changes related to CPU has been the creation of a core labo-
ratory (core-lab) structure in each hospital setting using total
laboratory automation (TLA) for performing first-line tests.
Restructuring CPU by creating local core-lab facilities has
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permitted to consolidate aLaboratoryMedicineDepartmentby
increasing workload efficiency, but, more importantly, has
provided the occasion to create a decision making-based lab-
oratory department, characterised by a very short turnaround
time (TAT) for all tests performed in the core-labs and by sat-
ellite laboratory sections devoted to performing tests requiring
specialised knowledge (e.g., for protein diagnostics, oncology,
haematology, etc.), with more fruitful cooperation with care
teams for specific medical conditions, better allowing per-
formed tests to effectively work in the right clinical setting [17].

Information system background and
summary of interventions

For any institution trying to achieve optimum patient care
(and control costs), the availability of an appropriate infor-
mation system is critical [18]. Indeed, the majority of the in-
terventions reviewed in this paper followed the introduction
of a new CPOE (Galileo, Dedalus), which took place in 2010
(Table 2). The introduction of the new CPOE allowed CPU to
effectively link the educational strategies for the correct use of
laboratory tests, consisting of local recommendations and
interdepartmental audits, with direct interventions adapting

IT to the improvement of demands. In parallel, to support
changes of laboratory test management, a new laboratory
information system (LIS) (DnLab, Dedalus) was introduced,
which contributed to enrich the list of appropriateness in-
terventions, by using blocks and constraints, together with a
substantial improvement in data storage and statistical ana-
lyses, vital for performing a careful evaluation and moni-
toring of appropriateness intervention performance over
time. Last but not least, both analyzer software and the lab-
oratory middleware (AlinIQ AMS, Abbott Diagnostics)
through a query program language (QPL) had also a central
role in supporting interventions such as a reflex testing,
permitting their execution in a fully automated way. As the
labour time of laboratory professionals is costly, softwares
have a primary role in supporting their work for improving
test utilization management.

Detection of inappropriate requests and
evaluation metrics

Usually, it is challenging to assess the true number of tests
inappropriately requested, because this would imply the
evaluation of each single clinical case with subsequent

Table : Summary of the intervention strategies implemented in our academic healthcare system to reduce the inappropriate use of
laboratory tests.

Type of intervention Laboratory test Year of introduction (setting)

Applying local recommendations together with continuous consultation with
requestors

Tumour markers  (inpatients)

Removing obsolete tests CK-MB activity,
myoglobin



Total α-amylase 

CK-MB mass 

Reflex testing Bilirubin reflex  (inpatients)
 (outpatients)

PSA reflex  (inpatients)
 (outpatients)

ALT reflex  (inpatients)
Icteric index reflex  (inpatients)
Calcium reflex  (inpatients)

Minimum retesting interval constraints Vitamin B  (inpatients)
C-reactive protein  (inpatients)
D-Dimer  (inpatients)
Procalcitonin  (intensive care units)
γ-glutamyl transferase  (inpatients)

Restraints to selected wards and gating policy NT-proBNP  (emergency departments)
Procalcitonin  (intensive care units,

pediatrics)
Homocysteine  (stroke unit, pediatrics)
Pancreatic amylase  (outpatients)
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verification of the real impact that a given test has brought to
patient care, in relation to disease diagnosis, prognosis and/or
amore general outcome. To try to quantify the phenomenonof
inappropriate requests, CPU has, over the years, constantly
performed evaluations and institutional audits to review and
assess the status of use of performed tests, enforcing and
putting in the field, on a case-by-case basis, various counter-
measures with the aim of stemming prescriptive inappropri-
ateness. It is noteworthy to remember that the review of
laboratory performance required co-operation with functional
areas outside the laboratory, providing the basis of a co-
operative venture among medical specialty fields.

Table 2 summarizes the main interventions together
with the year of their introduction. Once implemented, the
measures were continuous.

Strategies were monitored through two main process
indicators:
(1) Changes in total test volumes.
(2) Economic impact (cost savings).

In addition, to assess the potential detrimental impact of
the interventions on patient care, we monitored the
reporting of possible situations or harmful consequences
for patients through our institutional quality system.

Costs were computed by multiplying the reagent price
for a given test (other fixed laboratory fees were not
included) by the number of tests in the corresponding
category. Savings were defined as the difference, if any,
between the before and after intervention expenses.

Ethics

This article retrospectively presents processes and out-
comes of demand management strategies, which were
carried out in routine care. No interventions were per-
formed solely for study purposes, and all data were fully
anonymized. Therefore, there was no requirement for the
Ethics Committee approval.

Result description

Tumour markers

In 2006, in partnership with oncologists, CPU developed
local recommendations on the correct use of tumour
markers (TM) in hospitalized patients [19]. The main
scope was to improve TM prescriptive appropriateness,
harmonizing their use by specifying the clinical charac-
teristics of each TM in relation to differentmalignancies. As

a rule,we established amaximumof two TM requests in the
same order except for well documented clinical situations.
Through the LIS, TM requests not compliant with agreed-
on recommendations were automatically identified and,
before making any final decision related to their (in)
appropriateness, orders were discussed with the request-
ing clinician. After one year, we experienced a large
decrease in the number of ordered tests (in average, −55%),
without any negative clinical impact. In terms of reagent
costs, CPU saved € 38,229 per year [20]. Six years later, CPU
performed a second 21-month (2012–2014) audit by specif-
ically checking all requests containing more than two TM,
blocked and discussed with ordering clinicians. 3.6% of total
requests still exceeded two TMs, containing amedian of 3 (up
to 7) TM. Consultations led towithdraw43.3%of TM requests,
which were removed by laboratory specialists because they
did notmeet appropriateness criteria [11]. This showed that to
curb the excess of requests and maintain the TM appropri-
ateness for a long time (Table 3), local guidelines should be
supported by strict daily monitoring by laboratory pro-
fessionals as well as a continuous consultation with
requesting clinicians. In this study, we also tried to estimate
the impact and the dimension of TM request inappropriate-
ness. By considering the epidemiological estimates of tumour
incidence and prevalence in Milan (2010 data), the expected
totalnumberof TM testsperyear amounted to∼126,000, if TM
ordering would fulfil international recommendations. By
comparing this estimate with the number of TM tests yearly
performed in Milan medical laboratories (∼350,000), we
estimated that performedTM tests exceeded the justifiedones
by approximately three-fold. This regional-based estimate
was later confirmed at the national level [21].

Table : Percent variations of tumour marker requests, obtained
one year after the introduction of local recommendations () and
six years later by continuous consultation with requesting clinicians
(–).

Marker Request change after
recommendation

introduction

Request change after
consultation

α-Fetoprotein −% −%
Carcinoembryonic
antigen

−% −%

CA  −% −%
CA . −% −%
CA . −% −%
Neuron-specific
enolase

−% −%

Human chorionic
gonadotropin

−% −%
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Cardiac markers

Today, themeasurement of cardiac troponins represents the
biochemical “gold standard” that is central to the new mil-
lennium’s diagnostic criteria for acutemyocardial infarction
(AMI) [22]. The availability of highly sensitive troponin
assays hasmarkedly shortened the time to rule out or rule in
AMI and has improved the prognostic assessment of critical
patients in clinical contexts different from acute coronary
syndrome [23]. Due to their superior diagnostic accuracy,
cardiac troponins should definitively replace other tradi-
tional ‘cardiac’markers, such as creatine kinase (CK) and its
MB isoenzyme or myoglobin, for diagnosing suspected AMI
[24]. Accordingly, laboratory professionals have a central
role in removing from themenu these tests that havebecome
obsolete and useless, contributing to reduce possible
confusion in data interpretation and patient management.

By experiencing an indiscriminate and unjustified use
of all tests included in the so-called ‘cardiac profile’ and the
lack of adherence to whatever protocol concerning the
evidence-based use of cardiac markers, in 2005, our
healthcare institution introduced new strategies for
optimal use of cardiac markers by practice guidelines
devised by a multidisciplinary team [25]. The new strate-
gies brought relevant changes in the protocols for cardiac
marker requests, with the elimination of obsolete tests
(i.e., myoglobin and measurement of CK-MB activity) and
the introduction of new procedures for requesting and
interpreting cardiac troponin for AMI rule-in/out and risk
stratification, and CK-MB mass for infarct size estimation
and detection of post-percutaneous coronary intervention
injury. One year later, a comprehensive audit evaluating
the guideline effectiveness on test utilization and costs
showed a decrease of −33% in the total number of tests.
Myoglobin and CK-MB (as activity) were completely

abolished, whereas CK-MB mass showed a −87.7% reduc-
tion. Testing costs were reduced by € 104,871 per year [26].
The audit was repeated after two years from the recom-
mendation release, showing a further decrease (−6.5%) in
the number of tests still available (troponin and CK-MB
mass) [27]. This proved that the objectives of containing the
test number and costs were fully maintained.

As reported above, in 2005 we introduced two main
changes related to the CK-MB test. Firstly, we removed the
CK-MBactivity assay from themenu, lettingonlyCK-MBmass
available. Secondly, we limited the use of this test to only two
specific clinical cardiology situations (see above). In the
following decade (2005–2015), a scientific debate started
however, supporting the full replacement of this test with
troponin, asCK-MBwasconsidered toprovideno incremental
information [28–30]. This was translated in a ‘Choosing
Wisely’ troponin-only recommendation released in 2015.
Accordingly, in 2016 we eliminated CK-MB from the labora-
tory portfolio, indicating to users to employ troponin for any
scope in cardiology. After CK-MB removal, no complaints
were received from clinicians and, more importantly, no
discernible negative effects on clinical care were detected.
The cost analysis showed a further € 3,000 per year savings.

The main indication of B-type natriuretic peptide testing
is to findout the aetiologyof dyspnoeaof unknowncauses. In
the acute setting, using BNP or NT-proBNP may therefore
facilitate shorter ED visit durations [31]. For this application,
B-type natriuretic peptide should only be measured once per
acute episode.We included this recommendation in our local
guideline, also limiting the NT-proBNP free availability to the
ED only [25]. For other clinical wards, NT-proBNP requests
should be preventively approved by laboratory specialists,
who should be contacted by clinical requestors if symptoms
are suggestive of heart failure. This kept basically unchanged
the number of performed tests (Figure 1) in a setting

Figure 1: Number of NT-proBNP tests performed annually in our institution for inpatients (including those admitted to the Emergency
Department) over the 2016–2019 period.
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(hospitalized patients) where the risk of overuse has been
frequently reported [32].

Pancreatic enzymes

Today, lipase measurement in serum is the recommended
laboratory test to diagnose acute pancreatitis. Particularly,
increase of serum lipase activity to greater than three times
the upper reference limit, in the absence of renal failure, is
a more specific diagnostic finding than increases in serum
α-amylase activity [33]. Therefore, it has been recom-
mended that lipase should definitively replace α-amylase
as the initial diagnostic test for acute pancreatitis in the ED
[34]. The specificity of α-amylase for the diagnosis of acute
pancreatitis is low because increased values are also found
in several acute intra-abdominal disorders and in a num-
ber of extra-pancreatic conditions, including macro-
amylasemia and some cancers. Lack of specificity of total
α-amylase measurement has promoted the direct mea-
surement of pancreatic amylase isoenzyme (P-AMY)
instead of total enzyme activity for the differential diag-
nosis of patients with acute abdominal pain [35]. Accord-
ingly, in 2005 CPU did the first improvement step in the
field of pancreatic enzymes by replacing the measurement
of total α-amylase with P-AMY. In a simulation, we esti-
mated the economic impact of this replacement in our ED
setting, accounting to approximately € 130,000 per year
savings (Table 4) [36]. In the meantime, studies confirmed
the superiority of lipase in comparison to P-AMY in terms of
diagnostic performance [37]. Therefore, in a following step,
CPU eliminated the P-AMYmeasurement from the list of ED
tests keeping only lipase available. Surprisingly, one year
after the change implementation, total test requests
(P-AMY + lipase) were halved. The expected dramatic
decrease of P-AMY (−98.5%) was only partly compensated
by the increase in lipase requests (+65%). As no significant
change occurred in numbers of patients admitted to ED

with suspected pancreatitis in the two evaluated periods,
the decrease in test number only reflected the change in the
test availability in ED setting. Unlike P-AMY, possibly used
as a screening test in unselected patients, the use of lipase
appeared to be more correctly restricted to a symptomatic
population with suspected pancreatitis. Owing to the
reduction of total test number, reagent costs were also
reduced by € 18,500 per year [38]. The last step concerning
pancreatic enzymes involved all hospitalized patients for
whom the possibility to request both lipase and P-AMYwas
abolished in 2014 when core-lab installations were started,
as the pathophysiologic evidence showed incontrovertibly
that obtaining of both enzymes for diagnosis of pancreatic
disease represented an unwarranted duplication without
any diagnostic advantage [39, 40]. The cost analysis
showed a further € 3,300 per year savings.

D-Dimer

D-Dimer value lies in its high sensitivity for hypercoagu-
lability conditions, so that concentrations below appro-
priate cut-offs may exclude venous thromboembolism
pathologies, with a markedly elevated negative predictive
value [41]. To improve the appropriateness of D-Dimer re-
quests, in 2014 our healthcare institution issued a local
guidance that had an immediate effect by reducing the
number of ordered tests in the following year (−45%).
However, this educational intervention mitigated test
inappropriateness only for a relatively short period, as in
2016 D-Dimer requests started to raise again (+22% when
compared with 2015). Therefore, in 2018 we decided to
introduce a CPOE-based intervention by implementing a
24 h block on the periodicity of retesting. If considered
clinically appropriate, the laboratory could, however, be
contacted by clinical requestors to support the earlier
retesting request. After this further corrective action, D-
Dimer requests showed a −24% decrease after one year,
which was further consolidated in 2019 (−15% vs. 2018). A
saving of ∼30,000 €/year due to the improved prescription
appropriateness was obtained, about one third of which
just attributable to the control of retesting periodicity [42].

Procalcitonin

Procalcitonin is an expensive test, which can burden
medical laboratories’ budgets if requests spin out of con-
trol. Not rarely, clinicians believe in the absolute diag-
nostic ability of procalcitonin to detect bacterial sepsis, but
the literature evidence shows that its diagnostic power is

Table : Estimated economic outcome of the replacement of total
α-amylase (AMY) with pancreatic AMY isoenzyme measurement in
the Emergency Department (ED) of our healthcare system.

No. of patients performing
pancreatic AMY in ED per year

Estimated number of total AMY
false positive results per yeara

, ,
Annual increase of reagent costs
for pancreatic AMY vs. total AMY

Annual savings in second-level
diagnostic procedures (e.g.,
abdominal ultrasound)b

€ , € ,

a
% of total AMY measurements as estimated by Panteghini M et al.
[]. bAssuming a cost of € . per procedure.
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however limited. On the other hand, using procalcitonin to
optimize antibiotic therapies in critically ill patients can be
cost-effective, but only if there is high adherence to pro-
posed algorithms for antibiotic stewardship [43]. Evidence
also exists that procalcitonin may be useful in paediatrics,
especially in children with suspected meningitis, even if
some confounding factors, such as the physiologically
higher concentrations in newborns with less than 72 h of
life, should be correctly recognized [44]. In line with this
evidence, CPU offered an unrestricted procalcitonin testing
only to ICUs (as an aid in decision for continuing or stop-
ping antibiotics) and paediatricwards. For all other clinical
wards, procalcitonin requests should be preventively
approved by laboratory specialists, contacted by clinical
requestors to discuss about the clinical suspicion sup-
porting the procalcitonin request in addition to other
already available tests (e.g., C-reactive protein [CRP]). In
this strictly controlled situation, during 2017 we recorded
however a +85% increase in the number of procalcitonin
determinations, causing the laboratory’s test budget to
exceed maximum expenditure limits. The contributors to
procalcitonin testing increase were ICUs, where intensiv-
ists were often unwilling to interrupt antimicrobial thera-
pies based on laboratory results leading to a situation
where a series of procalcitonin measurements were done
uselessly, therefore literally throwing “money down the
drain” [45]. Interestingly, procalcitonin measurements
performed for non-ICU adult wards requiring approval
from laboratory professionals, which accounted for about
one test/day, remained unchanged. To bring the situation
back under control, at the beginning of 2018 the following
measures were undertaken: (a) a standard comment to the
procalcitonin report was introduced to alert intensivists
when the 80% decrease from peak value was reached,
which should be the cue to stop both antibiotic adminis-
tration and procalcitonin testing; (b) a 24-h MRI was
implemented, based on the analyte’s half-life; and (c) an
update of the internal guidelines for antibiotic stewardship
was released asking for a higher adherence to the algo-
rithm, and educational seminars organized. These inte-
grated interventions obtained a −31% decrease of
procalcitonin tests one year later, which was also main-
tained unchanged in 2019. The corresponding savingswere
9,000 € per year [46].

Homocysteine

Homocysteine testing is appropriate in case of suspected
homocystinuria (an inherited disorder of the metabolism of
the amino acidmethionine), in patientswith previous venous

or arterial thromboembolism and in patients with severe
hyperhomocysteinemia treated with B-complex vitamins.
Conversely, the measurement of plasma homocysteine is not
recommended for cardiovascular disease screening in the
general population [47]. In 2012, our institution spent more
than 50,000 € to purchase reagents for homocysteine deter-
mination, putting this test in the second place of the most
expensive ones among those performed by our laboratory.
This was mainly due to the inappropriate use of homocyste-
ine testing for detecting hypercoagulation in poorly selected
subjects. Therefore, in 2013 CPU introduced a CPOE-based
restriction for the test request, allowing to order it freely only
by some specialized wards (e.g., the Stroke Unit). Most hos-
pital wards may obtain the test only after the requesting
clinician obtained authorization by laboratory specialists.
Accordingly, therewas a reduction in test requests from 1,430
in 2012 to 261 three years after (−81.7%), with an estimated
savings of 36,900 € per year.

Reflex tests

Measurement of bilirubin fractions in serum is part of a
consolidated reflex test, in which this happens only when
the total bilirubin concentration is higher than the upper
reference limit [48]. To further expand the appropriateness of
total bilirubin ordering, as initially proposed by Salinas et al.
[49], in 2016 CPU introduced for hospitalized patients an
additional reflex test using the assessment of icteric index as
front-line test for the identification of blood samples with
abnormal total bilirubin concentrations, which are the only
ones that need the measurement of total bilirubin (Figure 2)
[50]. The application of an optimal cut-off for icteric index that
reliably identifies abnormal total bilirubin concentrations
(which must be validated according to the employed analyt-
ical platform) allowed the accurate “zero-cost” detection of
samples with normal total bilirubin concentrations, with a
sensitivity ≥99% for discriminating between specimens with
high or normal TB, with a false negative rate of 0.1% [51]. This
avoided direct measurements in ∼40% of bilirubin orders in
our clinical setting resulting in economic savings of about
5,000 € per year. We should not forget that for obtaining
optimal results with this approach, the photometric determi-
nation of icteric index should be subjected to a structured
quality assessment as all other laboratory tests [52].

Although the role of free prostate-specific antigen (PSA)
measurement in serum as second level investigation to
minimize total PSA false-positive results is still in dispute,
available guidelines recommend its determination onlywhen
the total PSA concentrations range between 3 and 10 μg/L
[53]. By auditing free PSA requests in our institution, in 2006
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we reported that only 15% of those requests complied with
this recommendation, with an estimated economic waste for
our health care system of ∼50,000 € per year [54]. These data
supported the activation of a reflex test allowing free PSA
determination only when total PSA fell within the recom-
mended concentration range and labelling as “inappro-
priate” the free PSA requests in samples with total PSA out of
the recommended limits. This reflex testing was first intro-
duced in 2009 for inpatients and five years later for out-
patients. In 2019, we audited data showing that the free PSA
reflex testing worked quite well in decreasing the free PSA
inappropriateness, 96% being the reached rate of appropri-
ately measured free PSA [55].

The two aminotransferases are a pair of tests jointly
ordered inmany laboratories when hepatocellular damage
is suspected, although there are no pathophysiological
reasons for associating these requests, making this
approach an important source of redundant duplications
[8]. To limit the inappropriate aspartate aminotransferase

(AST) testing, it has been recommended that laboratories
should offer it as a reflex test only in samples with
abnormal alanine aminotransferase (ALT) results [33]. In
2011, after consultation with clinicians, CPU deleted from
the order entry panel the AST request and introduced an
automatic ALT reflex test. If considered clinically appro-
priate, the laboratory could, however, be contacted by
clinical requestors to support the direct AST request in
addition to ALT. However, during the following 10-year
experience, no extra requests for AST determination to
supplement diagnosis were registered, and no detrimental
situations for patients were reported. Overall, a 90%
reduction of AST requests was obtained without any
negative impact on patient safety. The strategy resulted in
an average savings of reagent costs of 5,000€ per year [56].

The association between hypomagnesemia and hypo-
calcemia is well documented, often making the latter re-
fractory if the former is not recognized [57]. Salinas and co-
workers proposed the adoption of a reflex test automatically
adding serum magnesium determination to samples with
severe hypocalcemia to be applied in an ED setting [58].
Similarly, in 2019 we introduced for all clinical wards the
automatic reflex addition of magnesium to serum samples
with severe hypocalcemia, defined as a serum calcium
concentration <7.0 mg/dL. During the following 16 months
(July 2019–October 2020), the introduction of this hypocal-
cemia reflex test was able to detect 10% of all cases of mild
hypomagnesemia (i.e., serum magnesium <1.4 mg/dL) and
22% of all cases of severe hypomagnesemia (i.e., serum
magnesium <1.0 mg/dL) in our hospitalized patients. More
importantly, the reflex approach induced clinicians to
administer magnesium sulphate as replacement therapy in
40% of these patients, two-third of which showing severe
hypomagnesemia [59]. The workload aggravation in terms
of number of tests and costswas very limited, corresponding
to ∼1% of the total magnesium determinations.

MRI constraints

Requests for vitamin B12 (B12) measurement should aim to
define a possible vitamin deficiency in specific patient
categories [60]. After suspecting an overutilization of this
test, in 2014 CPU introduced an IT-based constraint for B12
monitoring, based on a recommended MRI of 6 months, to
reduce unnecessary B12 testing [61, 62]. The introduction of
this IT rule on CPOE for inpatients immediately had a
marked effect with a 49% reduction of B12 requests during
2015, resulting in 5,800 € savings of reagent costs. In the
following years, B12 requests assumed a plateau behaviour
with minor variations.

Figure 2: The two sequential reflex test strategy adopted in our
institution when the ‘Bilirubin’ test is requested.
Note that the icteric index cut-off is measuring system dependent,
i.e. 1.0 is the validated optimal cut-off for the Abbott Alinity c
platform currently employed in our laboratories.
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CRP is one of the most ordered tests, covering 5–6% of
all requests annually made in our institution and some
Authors have considered this test as a typical example of
the impact of unmanaged demand [63]. An automated
rejection rule based on MRI for serum CRP was reported as
a sustainable method for reducing unnecessary test repeat
[64]. Therefore, in 2018 an IT-based rule was developed by
CPU to block CRP requestsmadewithin a 24 h timewindow
of an initial request. After implementing this policy,
requests for inpatients decreased from 53,536 in 2017
(before the block implementation) to 50,803 in 2019 after
the MRI policy introduction (−5.1%). By the way, the per-
centage of total CRP workload rejected in our institution
was quite similar to that found in studies applying the same
approach (−5.9%) [16].

Over the years, our institution recorded a significant
increase in requests for γ-glutamyl transferase (GGT). It
was suggested that poor understanding by clinicians of the
timeframe of GGT changes in pathophysiology may
partially contribute to this increased demand [65]. Up to
20% of GGT repeats have been related to a too short
retesting time [16]. Considering an average half-life of GGT
in serum of ∼100 h, an MRI of 4 days could be advocated
[33]. Using a more conservative MRI of 36 h, in 2018 we
introduced a CPOE block to prevent early GGT repetitions.
This led to a reduction of −8.5% GGT requests during 2019.

Discussion

Failure in laboratory test ordering and result utilization are
major contributors to diagnostic errors [66]. Therefore, the
adoption of targeted interventions for improving test
appropriateness is of critical importance. The long journey
of our CPU, operating in an academic hospital network in
Milan, with the aim to improve the test appropriateness has
included more than 15 years of relentless research of sci-
entific evidence, performance of audits, and implementa-
tion of interventions. With the aim of achieving a better
management of many laboratory tests offered to clinician
users, this work has required the active participation of the
whole laboratory team by using their skills and improve
their knowledge for identifying test utilization issues and
applying appropriate countermeasures without putting
patient safety at risk. As a further option of an optimally
structured LIS, it was also possible to analyse the economic
trend overt time. By considering the annual cumulative
saving projections following the introduction of the various
appropriateness interventions described in this paper, this
evaluation revealed that the cumulative monetary savings

exceeded 3,000,000 € in the 15 years considered (from
2005 to 2019).

Not all performed tests can be involved in appropriate-
ness interventions. Given the enormous amount of work
required for the assessment and implementation of an
appropriateness intervention, combined with low laboratory
costs for some daily measured biomarkers, some tests are
usually not included in any appropriateness pathway. How-
ever, medical appropriateness implementation is a field that
is always rich in possibilities, with the aim of improving
laboratory cost-effectiveness profile and to reach the clinical
awareness on the correct use of laboratory tests. Furthermore,
the ever-changing scientific and technological progress
makes this study branch an environment in continuous
evolution, which should be constantly monitored and
renewed to keep its effectiveness intact.

Study limitations

Due to different evaluation criteria and settings, the pre-
sented resultsmaynot be generalizable or comparable. Our
institutional initiatives focussed on the improvement of
appropriateness of laboratory test use and on reduction of
unnecessary testing and increase of cost-effectiveness
regarding a list of tests where the audits indicated
serious problems of overuse. The impact on patient clinical
outcomes was just indirectly evaluated by verifying if
detrimental situations or harmful consequences for pa-
tients were reported through the institutional quality sys-
tem. Although no negative reports were received, it
remains unclear towhat extent patient outcomes are linked
to obtained reductions in laboratory testing. In addition, as
previously pointed out [67], our double role of intervention
developers and of evaluators of the process efficacymay be
a potential source of bias.

Conclusions

Cadamuro et al. encouraged medical laboratories to pub-
lish their strategies in use to manage tests inappropriate-
ness, with the aim that all involved figures may profit from
these experiences [68]. Accordingly, in this paper, we
presented our extensive experience that has two major
aspects of novelty. Firstly, based on previously published
studies, only interventions with demonstrated high strength
of efficacy were implemented. Secondly, those interventions
wereapplied indailypractice (andnot just for the limited time
of a specific study) and monitored throughout years of
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application. The quality of reported evidence was therefore
enhanced by showing the impact of interventions over longer
periods of time, while previously the long-term sustainability
of results was often questioned [69]. Finally, our experience
confirmed that laboratorians have an irreplaceable role in
designing, implementing, evaluating, and maintaining in-
terventions focused to improving test appropriateness. Pur-
suing and maintaining appropriate test requests is a daily
achievement with important bioethical aspects that should
not be forgotten [70].
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