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Introduction

The seven questions answered in this article revolve around
laboratory test inappropriateness. More specifically, the
article discusses the causes behind request inappropriateness,
reasons to reduce such inefficiency, strategies to correct
it, and a practical pathway to design and establish them to
identify and correct the problem and to monitor success
after interventions. We include data from the Spanish
REDCONLAB working group and discuss insights for the
future.

(1) What is the importance of an appropriate test
request for the best diagnosis, management and
prevention of diseases?

The clinical laboratory plays a crucial role in healthcare (1),
since it is involved in 70% of clinical decisions (2). Such a
prominent position of the laboratory in patient care should
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be used by the laboratory professional to improve patient
outcome.

In addition to the ‘mission’ of the laboratory—diagnosis,
prevention and monitoring of diseases—the ‘vision’ of the
laboratory should be to deliver maximum benefit to the
patient per euro spent (3). Pathologists should aim for a
pathophysiology-centered laboratory (4) according to the
individualized patient condition (5). Indeed, the goal of
laboratory testing is not the acquisition of information itself,
but to improve patient outcome (6) through the promotion
of proper laboratory test utilization, namely an appropriate
test request and result utilization (7).

The total testing process (T'TP) based on the “brain-
to-brain loop” concept described by Lundberg (8,9) begins
with the clinicians’ clinical question and ends when the
test result is interpreted and acted upon, both steps also
called pre-pre- and post-post-analytical phases (10,11).
Between these two important steps in the TTP, the
following additional phases exist: patient identification,
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sample collection, transport and preparation, and analysis,
and report. Laboratory professionals should aim for
continuous improvement in laboratory organization
through performance measurements (12). Recent studies
suggest that the highest incidence in laboratory-related
errors occurs in these two phases (pre-pre and post-post)
(10,11,13-16). The increase in laboratory automation
has led to a reduction in the number of laboratory errors
classically regarded as the T'TP phases, especially the
analysis (17). Traditionally, few resources were allocated to
the pre-pre and post-post-analytical phases, to reduce the
number of errors in ordering the appropriate diagnostic test
or improving laboratory test interpretation (18).
Laboratory tests requests have increased exponentially
since 1920 (19). The progressive automation of
laboratories (20), the aging population (21) and the limited
physician time availability for patient care (22) are among
the main causes of this exponential growth in requests
for laboratory tests. However, such an increase cannot
continue indefinitely, as healthcare costs are also growing
dramatically (23). The overall mean rate of inappropriate
overutilization is around 20%, however the overall
mean rate of inappropriate underutilization is higher, at
44.8% (24). In fact the number of unnecessary tests
in the clinical laboratory ranges from 5% to 95% of
the total number of laboratory tests (25), with large
variations (26). Other authors have indicated that almost two
thirds of commonly ordered laboratory tests in an academic
internal medicine department could have been avoided
because this data did not contribute to improve patient’s
management (27). In this scenario, it has been suggested
that between 25% and 40% (28,29) of all the requested
laboratory tests are questionable and that between 16% and
30% of them (28,29) were inappropriately retested based on
criteria such as analyte half-lives and analytical variability.
What is also well known is that the ability of a diagnostic
procedure to add value to the diagnosis, prevention
and/or follow-up of certain diseases closely depends on
how clinicians use it. Indeed, it is a priority to align the
request of laboratory tests with the clinical indication or
clinical question (4); otherwise, test misuse could result in
significant adverse effects when under- or over-requested,
regardless of the cost of the test. It is important to study
if a laboratory test should or should not be ordered in
certain scenarios, and correct tests inadequacies through
the utilization of management policies (7). And most
importantly, the laboratory professional must take the
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promotion of the use of the appropriate test as a duty, a
task that he has to lead, in consensus with the requesting
clinician.

There are already excellent reviews on the topic
(4,24,25,30-36). This review intends to provide the pillars
to the laboratory professional so the task can be properly
conducted.

(I1) What is the inappropriateness in laboratory
test requesting?

Fryer et al. (4), in an excellent review regarding demand
management for laboratory tests, categorizes, defines, and
quantifies the inappropriate request: “A request (implying
what is ordered by the requestor) that is made outside some form
of agreed guidance (including those requested too late)”.

A recent definition of appropriateness is the prescription
of “the Right test, using the Right method, at the Right time,
to the Right patient, with the Right costs and for producing the
Right outcome” (37).

The definition itself implies that test request needs to
be in accordance with guidelines. However there is a great
variability among laboratories and between requestors, even
in identical clinical scenarios of what is appropriate (38-47).
Inappropriate requesting includes wrong patient, wrong
test, wrong time, and wrong process (29).

Although in some cases the inappropriateness is
clear (e.g., prostate-specific antigen in women), in other
situations, recommendations or guidelines (evidence-
based) are necessary, such as in diabetes mellitus for
which the National Institute for Care and Excellence and
American Diabetes Association provide guidance on testing
intervals (48,49).

It is necessary to establish the test adequacy through
consensus with the requesting clinician based on the
literature, on sensitivity and specificity of tests, on the
cost of investigations, on the recommended repeat testing
interval, etc. (50).

(11I1) What are the causes behind inappropriate
test request?

The causes of inappropriate test request are multiple:
indiscriminate use of non-agreed-upon tests; routine
laboratory test profiles; redundant tests, that provide similar
clinical information; lack of awareness of recommended
repeat testing intervals; uncertainty in the patient diagnosis,

jlpm.amegroups.com F Lab Precis Med 2018;3:34



Journal of Laboratory and Precision Medicine, 2018

Sys{em

Laboratory Inappropriateness

Requestor

Patients
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lack of awareness of the cost of testing, etc.

Whiting ez /. (51) identified five key interrelated factors
that influence a doctor’s decision to order a test for a
particular patient: diagnostic, therapeutic and prognostic,
patient-related, doctor-related, and policy and organization-
related factors. Each one of the factors can affect the test
request.

Therefore, the causes of tests inappropriateness (Figure I)
can be attributed to the following factors (4): the laboratory;
the requestor; the patient and the system.

Laboratory

There are many reasons for inappropriateness (52):
introducing new tests without the evidence that proves
their efficacy and effectiveness; not eliminating poor or
useless tests from the laboratory repertoire; providing
low turnaround time of test results; request forms that
include large numbers of tests and profiles; laboratories
that perform unrequested tests (algorithms) unrelated to
the suspected diagnosis. In all, in most healthcare systems,
laboratories are commoditized working as an industry
instead of a medical specialty, which gives the impression
that testing is easy, because of the automation.

Requesting physician

If requesting physicians knew the basic concepts of testing
(sensitivity, specificity, receiver operator characteristic
curves, predictive values, biological variability, likelihood
ratio, etc.), that would probably significantly reduce
inefficient test requests as well as errors in the interpretation
of test results. However, as stated more than one century
ago, “a medical student often leaves the walls of his alma
mater with a false conception of the use of the laboratory
in diagnosis” or “there is a danger that laboratory findings
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may be allowed to take the place of the keen thinking and
the educated senses which our professional ancestors used
to such good purpose” (53). Currently, this problem not
only continues, but is even more serious. For instance, the
degree of knowledge shown by physicians regarding the
variability of laboratory results is scarce (54). Beyond the
importance of the biological and analytical variability, the
knowledge of the reference value theory and the clinical
sensitivity and specificity of laboratory tests is crucial for
an appropriate data interpretation and, hence, for a real
laboratory contribution to clinical decision making.

For an accurate clinical use of laboratory data, a correct
clinical interpretation of laboratory test results through
comparisons with reference values is also required. In fact
reference intervals are the most popular decision tool for
the interpretation of laboratory reports (55). However,
this concept can be misinterpreted in several ways by the
requesting physician. In fact, by using the definition of the
reference interval, 5% of the healthy people are excluded.
In addition, a result within the reference interval does not
always signify that the patient is healthy, and a result outside
the reference interval does not always indicate sickness.

Requesting physicians often order redundant tests that
provide identical information. Inefficient test repetition
is more common with hospitalized patients (56); also
physicians that routinely request groups of tests regardless
the patient’s clinical situation can also influence laboratory
demand. Historically, test profiles have been organ-
based (liver, kidney, and thyroid profiles), providing a set
of tests that offer information for one particular organ.
Specific disease profiles (29) try to simplify and standardize
the common test requests necessary for the diagnosis or
monitoring of a specific pathology. These profiles, that
must be established by consensus with the requesting
physicians and the laboratory, present more disadvantages
than advantages. Even when they are established with the
consensus of the laboratory, they are not always based
on evidence. The 2011 report of the National Pathology
Benchmarking Service, which includes approximately 50
laboratories in the UK, demonstrated that up to 12 different
hepatic function profiles were in use (57).

Another factor that results in laboratory test request
inefficiency is physicians monitoring the clinical course
of a disease with a higher frequency of testing than
recommended.

Finally, defensive medicine is increasing (58) and can
generate an excessive number of diagnostic tests to rule out

jlpm.amegroups.com F Lab Precis Med 2018;3:34



Page 4 of 14

extraordinary situations even when a clear diagnosis.

Patient

The pressures on the physician by the patient may increase
laboratory demand. The patient perceives that “something
is being done”. In fact, the current trend is toward a
patient-centered healthcare model, which tries to involve
the patient and physician in clinical decision making could
increase test over requesting.

Factors regarding the system

The pressure to reduce the hospital average stay may also
contribute to the inappropriate requests for laboratory tests;
as well as new surgical techniques such as transplantation or
special units.

(IV) What are the reasons to reduce
inappropriate laboratory tests request?

Our goal as laboratory professionals must be to achieve the
maximum information with the fewest number of tests (59).
In fact, it is important to reduce over request but also to
request every test related to the clinical suspicion, according
to evidence or guidelines.

Overall, test requesting is the step where most errors
have been reported; many of them are not detected and
can cause great harm to the patient. By correcting under
requesting we can improve diagnosis as well as monitoring
and prevention.

On the other hand, when tests are over-requested, there
could be three potential adverse effects, or three main
causes of potential adverse effects.

First the cost of the test itself; although usually lab
tests are inexpensive, since they are high volume they can
generate high expenses. In fact, they belong to the little
ticket tests group of diagnostic procedures. Second the
consequences of false positive results (60); the patient begins
the journey of Ulysses or Imaginary Invalid syndrome (61)
that contributes to a great discomfort to the patient, and
additional more complex tests, which are usually more
expensive. Finally, over request contributes to and increased
demand for laboratory tests. Clinical laboratories are at risk
of becoming data vending machines. In this situation the
test expert, the clinical laboratory professional, could not
have time to pay enough attention to provide knowledge
instead of data in 70% of clinical decision making, through
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knowledge management (62). Moreover, irrelevant test
results may hide important data for clinical decision making.
In all over test request can generate high cost, and
negatively impact clinical decision making and patient
safety. However, by correcting over request we can greatly
improve costs, clinical decision making and patient safety.

(V) What are the strategies to correct
inappropriateness in laboratory test requesting?

As described in the literature, there are strategies designed
to be established before, during, and after the test request.

Before

Test catalog review

There is a need to review the tests offered by the
laboratory to discard obsolete or add new emerging test.
The test catalog of clinical laboratory services should be
standardized; however, several factors make this situation
very difficult to achieve (29). Possible approaches are to
limit the test repertoire, to redesign the request form,
the use of disease-specific profiles and the withdrawal of
outdated tests. Consequently, in a systematic way, each
laboratory needs to constantly review their catalog to
match emerging needs (63), eliminate obsolete tests and
incorporate new assays.

Educational strategies

There are many educational interventions, including
both verbal and written initiatives (29,31,64,65). In
these educational interventions, the laboratory informs
the requesting physicians about changes in laboratory
repertoire, obsolete tests, recommended repetition intervals,
or potential interventions. These sessions or periodic
bulletins must be prepared in consensus with requesting
clinicians for specific clinical conditions. For example, the
laboratory, together with specialists in digestive medicine,
could inform general practitioners about the latest
recommendations and clinical guidelines for coeliac disease.
Although education and communication are crucial (66), the
effectiveness of these interventions is variable (33,34). For
example, Emergency Department (ED) C reactive protein
(CRP) requests decreased after the implementation of a
protocol designed in consensus with clinicians and monthly
monitoring (Figure 2). However, after a few months, the
request for CRP increased (12). Therefore, these strategies
require exhaustive monitoring by the laboratory.
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Figure 2 CRP requests from the Emergency Department of the University Hospital of San Juan before and after educational strategy (12).

CRP, C reactive protein.

Request forms

The design of the request form, either in paper or electronic
format, has been used as a strategy to manage laboratory
tests demand (33,34,67-70). At present, paper request forms
are used less frequently than electronic request forms,

offering a wide range of opportunities for managing test
demand (71).

Test profiles

Test profiles vary across different laboratories (72). The
ideal profile does not exist, and profile differences can cause
confusion and affect patient safety (73). Removing tests that
provide little information from the profiles is cost-effective
and improves patient outcome (74).

Clinical guidelines or protocols

Protocols and clinical guidelines that include laboratory
tests request should be established in consensus with
requesting clinicians, following, when available, the
recommendations of scientific societies and systematic
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reviews (75).

During the request

Laboratory Information Management Systems (LIMS),
patient’s data bases and electronic medical records
(EMR) are the pillars for such strategies that depend on
the information technology possibilities at each health
care center (75). The complexity of laboratory test
selection is aggravated by increasingly busy physicians.
With information technology we are able to support
the clinical decision making by ensuring proper testing
and mitigate these challenges (76). Useful software
tools can help decrease the number of unnecessary test
repetitions (77) via alert messages to the requesting
physician. More complex measures have also been described
for guiding the requesting physician toward the most
appropriate test (78,79).

These software tools can be informative or restrictive.
Informative tools inform the requesting physician about
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a characteristic of the test or patient so they can decide
whether to request it or not; these tools can show the
cost of the test, generate a comment in case of excessive
request frequency, describe tests as redundant, or provide
indications of diagnostic utility. Restrictive tools limit the
request for the test based on, for example, recommended
minimum intervals.

Strategies that are implemented during test request
are considered the most powerful (44) because they are
maintained over time and do not depend on external factors,
such as habits relaxation, staff changes, etc.

After the request

Once a test is requested, strategies are difficult to
implement. Clearly inappropriate tests may be rejected (such
as repetitions of HLA, karyotype, etc.). At this stage, clinical
justification may be required for the request of certain tests
with very limited indications, little scientific evidence, or
high costs.

(VI) What is the practical pathway to design,
establish, and monitor over time test
requesting appropriateness strategies? What
are the appropriateness indicators to detect
the inappropriateness and to monitor after
interventions?

Introduction

When establishing new interventions, it is key to detect
the inappropriateness and to choose the correct test and
population to establish the strategy; and to monitor after
the intervention, through process and outcome indicators
customized according to the type and stage of strategy.

The laboratory professional must lead each one of the
phases of the strategy, as she/he is the one that has the
knowledge and experience in laboratory tests.

Indicators

The indicators are the basis on which any strategy should be
designed. Shahangian (80) described the desirable attributes
of a health measure based on organizations committed to
health care quality measurement and improvement, and
grouped these criteria for quality indicators into three
conceptual areas. First the importance as relevant for
clinician and patient, and also potential for improvement;
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second the scientific soundness as the indicator must be
reliable, valid, and understandable for users, and thirdly
feasibility of the measure, with a specified numerator
and denominator, an understandable and implementable
data collection, a data source available and accessible in
time, and measurement costs justified by the potential for
improvement in care.

In laboratory daily practice there are four main
considerations related to key performance indicators (KPIs).
First, it is fundamental to measure KPIs whose correction
will result in tangible improvement for the organization.
Second, registers to calculate KPIs must be automatically
collected; also, calculations must be done in an automatic
way. Manual collection could result in the loss of data that
does not to occur when data are collected in an automated
manner, for example through warehouse programs from
LIMS (12). In fact it has been shown that laboratories
more focused on detecting and correcting errors could
have higher error rates than others that do not pay much
attention to it (81). Third, when designing KPIs, it is
important to define what we want to measure, and use the
latest available technology; for instance, the hemolysis can
be measured using the hemolytic index, instead of manual
color serum visualization (82). Finally, it is necessary to
validate the indicator before establishing it in routine as a
tool to improve the organization processes (80,83). If the
laboratory does not validate these indicators, the laboratory
workers will likely distrust their results and disbelieve the
whole laboratory management system (3,84). It is crucial to
measure correctly through harmonization of pre-analytical
quality indicators (85) (Figure 3).

Table 1 shows the main indicators to be applied in
strategies to correct inappropriateness in laboratory test
requesting, classified as process and outcome KPIs.

Process indicators are used to detect test inappropriateness
and/or assess progress through regular monitoring after
the intervention establishment. Outcome indicators are
used to measure the benefit of the strategies in terms of
economic savings or patient benefit in diagnosis, treatment,
prevention of diseases, or quality of life.

Process indicators

Process indicators are used to detect over or under
requested tests and also to monitor after strategy
implementation. Test requests per 1,000 inhabitants in a
primary care setting (45,86) or per 1,000 patient admissions
in an ED (39,44) are very easy to construct. In the former,
test-utilization rates are calculated by standardization with
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the population attended by each laboratory and are very
useful in public healthcare models. The latter can be used in
any healthcare model. Both indicators indirectly detect test
inappropriateness when comparing to other geographical
areas (87).

The second type of process appropriateness indicator,
ratios of related tests requests, is very useful in detecting
test inappropriateness in any setting and can also be used
to monitor after strategy implementation. Some even
have a set or published goal (88). In this type of indicators,
the test whose demand should be corrected figures as
the numerator. The third type of indicators “ratio of test
demand per a highly requested test” is also useful (89).

Outcome indicators
Outcome indicators are used to measure the benefits that
strategy implementation has in the patient, healthcare

Correction
tangible organization
improvement
Clearly define what
we want to measure

Automate registers
collection/calculations
Validate before
routine

Figure 3 Key performance indicators (KPIs) main attributes.
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organizations or society.

There are few laboratory studies that focus on the benefit
that laboratory strategies cause in the patient.

Monitoring through outcome indicators is a key: the
number of new diagnoses, the cost of each new case
detected (90,91), and/or funds saved because of the
intervention (92) are very significant end points.

A step-by-step description of strategies to correct
inappropriateness in laboratory test requesting

Identify laboratory test inappropriateness

The first step is to identify laboratory test inappropriateness.
There are several ways to do it. Traditionally, it has been
done through the revision of patient medical records
through implicit and explicit criteria. Usually, this is
analyzed in prospective studies that take many years before
having any answers, and it is rather costly; thus, more
practical methods are needed. Listed below are a few ways
to identify appropriateness.

Studies of most expensive tests

In countries with public healthcare systems, there are
indirect ways to investigate inappropriateness of tests that
generate the greatest economic cost.

As an example, a test that generates a great economic cost
is 25-OH-vitamin D. In Osakidetza, a region in northern
Spain, from 2011 to 2013, the request for 25-OH-vitamin D
test has doubled, reaching an annual expense of more than
€600,000. As a consequence, the measurement of 25-OH-
vitamin D is placed among the 10 standard laboratory
parameters that cost most in this region. This fact has led to

Table 1 Different indicators used to detect test inappropriateness and monitor after the establishment of the different interventions

Design

Type Name

Numerator Denominator

Process: to detect Per inhabitants/admissions

inappropriateness and/or

to check if the strategy is
ki |

working properly reported

Per highly requested test

Outcome Diagnosis

Test request

Test request

1,000 residents/admissions

Absolute number of tests added, Test added, eliminated, or not measured -
eliminated or not measured but but reported

Request of a related test

Cases detected -

Costs Euros saved -

Cost per case detected

Euros saved

Detected case

© Journal of Laboratory and Precision Medicine. All rights reserved.
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instructions for the measurement of 25-OH-vitamin D (19),
designed through interdepartmental consensus (20). In any
case, regardless of being one of the tests that generate more
expense, the inadequacy must be confirmed.

Studies on test utilization differences between
geographical areas

A second indirect method is to identify laboratory test
inappropriateness through studies on test utilization
differences between geographical areas. Through those
studies, detecting test over- and under-request is possible,
and an example is REDCONLAB studies. Every Spanish
citizen possesses an individual health care card, which
provides access to public health services as a healthcare
user throughout the National Health System. The health
system in every region is divided into health departments
(HDs) that cover a geographic area and its population. It is
composed of several primary care centers and usually has
a unique hospital. The laboratory located at the hospital
attends the needs of every HD inhabitant.

The first study was performed in Valencia region in
2009 with only eight participants. In the first national
REDCONLAB study in 2010 (86), a call for data was
posted on the REDCONLAB website; via e-mail in the
second [2012]. In the 2014 study, the questionnaire was also
addressed to the participants of previous current edition,
and a LinkedIn group was also created (https://www.
linkedin.com/in/REDCONLAB-grupo-a5663bb7).

In every edition, Spanish laboratories willing to
participate in the study were invited to fill out an enrollment
form and submit their results online. In the four consecutive
studies, production statistics (number of tests requested by
general practitioners) were obtained. Every patient seen
in any primary care center of any of these institutions,
regardless of the reason for consultation, sex, or age, was
included. Each participating laboratory was required to
be able to obtain patient data from local databases and to
provide organizational data. In the three national editions
of the REDCONLARB study, 38, 76, and 110 laboratories
at different hospitals from diverse regions across Spain
consecutively participated (39,40,42,44,45,47,86,93-105).

After collecting data, two types of appropriateness
indicators were calculated: test requests per 1,000
inhabitants or ratios of related tests requests. Both
appropriateness indicators, as shown in Table 1, belong to
the category of process indicators.

With these data, a frequency histogram and a box plot for
each of the indicators were drawn to conform a confidential
pre-pre-analytical quality control report that was sent to
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each participating laboratory indicating their individual
results compared to those of others (45). Each report had a
sheet for every test ordered per 1,000 inhabitants and also
for ratios per related test requests (Figure 4).

Comparison with guidelines or disease prevalence

A third indirect method to detect test inappropriateness is
through comparison with guidelines or disease prevalence.
Through this type of study, an over-request has been
detected in tumor marker request in Italy. Gion ez 4l. (106)
developed a model matching the rate of utilization of tumor
marker tests with prevalence data as an indirect indicator
of laboratory tests inappropriateness. This model is useful
when the availability of clear guidelines regarding clinical
use of the test and epidemiological data on the disease.
This epidemiological-based model does not offer a direct
measure of appropriateness—it only shows areas of over-
request that might related to inappropriate use, making a
deeper study necessary to confirm the inappropriateness
or establish interventions to reduce over-request. Also, an
epidemiological model was used in the second National
REDCONLAB study to identify HbAlc under request. To
investigate whether HbAlc was appropriately requested
to manage patients with diabetes mellitus, that research
compared the theoretically ideal number of HbAlc requests
that should have been ordered to the number of real HbAlc
requests in a population of 20 million inhabitants in Spain.
The former was calculated according to disease prevalence
in Spain (6.9%) (107) and to the current guideline
recommendations regarding glucose monitoring (HbAlc
test at least two times a year) and testing for diabetes
mellitus in asymptomatic patients (HbAlc every 3 years
in patients older than 45 years) (91). A total of 2,439,729
HbAIc requests would have been necessary to appropriately
manage the existing patients with diabetes mellitus. A total
of 2,384,408 tests would have been needed to diagnose new
patients, according to the current guidelines. Considering
the real number of tests performed, a total of 3,280,183
additional tests would have been necessary for both
purposes. Not a single HD of the 76 participants reached
those theoretical figures.

Retrospective searches in patient’s data base and
comparison with guidelines

It is mandatory to take full advantage of the information
technologies we have at our disposal. Retrospective searches
based on LIMS and patient data bases can inform us about
what the real demand patterns are. Through a comparison
with guidelines, it is possible to detect laboratory tests
under or over request.

jlpm.amegroups.com F Lab Precis Med 2018;3:34
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Thyroxine (FT4)/thyrotropin (TSH)

The data follow a normal distribution (Kolmogorov-Smirnov test — P=0.130)

Descriptive statistics:
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Figure 4 One of the report sheets sent to every laboratory that participated in the study.

Selection of the test and target population
The second step of our approach is the selection of the
test and target population for strategy implementation.
It is advisable to begin with tests whose demand could be
tailored through easy, automatic, and simple strategies.
If the only way to diminish 25-OH-vitamin D demand is
by manual checking of every patient to determine if the
test request relates to the clinical question or diagnosis or
suspected diagnosis, a lot of resources would be necessary.
Regarding the test, the simplicity of the potential
strategy, the risk of over or under request or consequences
of over or under requesting in patient safety, and also
financial consequences need to be evaluated (108).
Regarding population, our experience is to begin in
primary care or ED, where relatively less effort may
positively impact many patients.
Generation of the idea
The third step of our approach is the generation of the
idea. Knowledge is not enough for the prominence of the
laboratory in clinical decision making. Creative imagination,
communication and leadership are also necessary (109).
Through their imagination, laboratory professionals
should catch any opportunity to help clinicians to request
tests appropriately. A crucial condition related to the

© Journal of Laboratory and Precision Medicine. All rights reserved.

idea generation, is that the strategy should better rely on
automatic processes, based on the LIMS, and patient data
base. Once designed through interdepartmental consensus,
if established based on information technologies, they
will be continuous over time, without additional efforts

needed (92).

Pre-design of the strategy

The fourth step, the pre-design of the strategy, is crucial
to be done in consensus with requesting physicians and
based on LIMS retrospective simulation of the potential
strategy results. The benefits that the patient and healthcare
organization are going to achieve with the strategy
implementation should be investigated and explained in
detail.

Strategy final design
The fifth step is the strategy final design. In this step, the
procedure must be written down in our standard operating

procedure: initiative, objectives, indicators, and goals.

Strategy establishment
The strategy always must be established for a specified
period. A specified period of time to monitor, evaluate, and
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decide whether to continue, stop, or re-design the strategy
for better results is necessary.

Monitoring through process indicators

Process indicators (Table 1) show how the strategy is
working overtime, in terms of test measurement diminution
or increase, depending on whether we are solving test over-
or under-requesting (92). Monitoring is always advisable
through the use of indicators that measure ratio of the
request of related tests. There are a lot of examples such
as free thyroxin/thyrotropin or aspartate aminotransferase
(AST)/alanine aminotransferase (ALT). This type of
indicator has an additional advantage, since some have
a set target to be reached, based on guidelines. When
this type of indicators is not available, we could always
monitor the number of requests in which we are correcting
the inappropriateness related to a highly requested test.
An example is the ratio of uric acid to glucose request in
primary care when solving uric acid over-request (89).

Evaluation through outcome indicators

Laboratory data intervene in 70% of clinical decisions;
are we measuring this intervention in terms of patient
improvement? This is the main point of any strategy
design. From the beginning, and also through consensus,
it is necessary to decide what indicators to measure to
really study the improvements for the patients, healthcare
organizations or society. For example, the improvement
in the diagnosis of acute pancreatitis in an ED (110). This
requirement is especially important when the strategy
is established to correct tests under-request because we
are increasing expenses and it is imperative to know if we
are detecting occult diseases (90) such as diabetes (91) or
primary care hyperparathyroidism patients detected (90),
and the cost per detected case. When diminishing uric
acid demand, a concomitant decrease in the prescription of
allopurinol, and a reduction in the laboratory and overall
health system economic costs was obtained (89,92).

Final decision whether to continue or stop the strategy
Through the evaluation of outcome indicators, we could
make the right decision whether to continue or to stop
strategy in terms of improvement in patient and healthcare
organization.

(VII) Main points and insights for the future

Currently, most laboratory errors are generated in the first
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and last step of TTP. It is a duty of laboratory professionals
to correct these TTP errors through interventions
based in our knowledge but also in creative imagination,
communication and leadership (109), designed in agreement
with requesting clinician, and executed and monitored
through process and outcome indicators (7).
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