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Università degli Studi di Verona, Verona, Italy
2 Direzione Medica, Azienda Ospedaliera di Verona,
Verona, Italy
3 Dipartimento di Medicina Laboratorio, Università di
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Abstract

Remarkable advances in instrument technology, auto-
mation and computer science have greatly simplified
many aspects of previously tedious tasks in labora-
tory diagnostics, creating a greater volume of routine
work, and significantly improving the quality of
results of laboratory testing. Following the develop-
ment and successful implementation of high-quality
analytical standards, analytical errors are no longer
the main factor influencing the reliability and clinical
utilization of laboratory diagnostics. Therefore, addi-
tional sources of variation in the entire laboratory
testing process should become the focus for further
and necessary quality improvements. Errors occur-
ring within the extra-analytical phases are still the
prevailing source of concern. Accordingly, lack of
standardized procedures for sample collection, in-
cluding patient preparation, specimen acquisition,
handling and storage, account for up to 93% of the
errors currently encountered within the entire diag-
nostic process. The profound awareness that com-
plete elimination of laboratory testing errors is un-
realistic, especially those relating to extra-analytical
phases that are harder to control, highlights the
importance of good laboratory practice and compli-
ance with the new accreditation standards, which
encompass the adoption of suitable strategies for
error prevention, tracking and reduction, including
process redesign, the use of extra-analytical specifi-
cations and improved communication among care-
givers.
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The medical error

Systems of medical and healthcare practices have
existed among human societies since at least the
dawn of recorded history. When medicine was basi-
cally characterized by the doctor’s intellect, the nur-
se’s empathy, simple surgical procedures and a
limited number of drugs, there was little price to be
paid for poor safety systems or disorganization, and
adverse events were generally attributed to provi-
dence, fate, misfortune, or ‘‘God’s will’’ (1). As medi-
cine became more powerful and technologically
sophisticated, highly specialized teams for care deliv-
ery emerged (2). In common with all other human
activities, accidents go hand in hand with medicine
and represent an unfavorable but inevitable circum-
stance. There is a long history of errors in medicine
and the last century has seen a growing openness on
the part of the medical profession regarding the part
played by human error in patient mishaps. An evoc-
ative body of research describing this problem began
to emerge in the early 1990s, supported by the Agen-
cy for Health Care Policy and Research, now the
Agency for Healthcare Research and Quality (AHRQ),
when medical errors were identified as one of the four
major challenges facing the USA in improving health-
care quality (3). In its report, ‘‘To Err Is Human: Build-
ing a Safer Health System’’, the United States Institute
of Medicine (IOM) estimated that 44,000–98,000
Americans die each year not from the medical con-
ditions they checked in with, but from preventable
medical errors (4). IOM statistical analysis identifies
medical errors as the eighth leading cause of death
among Americans, with error-caused deaths each
year in hospitals alone exceeding those from car,
plane and other traumatic accidents and far ahead of
those related to breast cancer or acquired immuno-
deficiency syndrome (AIDS). In practice, a US patient
should be currently much more worried when falling
within the net of the healthcare provider rather than
deciding to take a plane. Nevertheless, such a signif-
icant figure, which is apparently attributable to pro-
fessional malpractice or to lax compliance with
quality requirements, should take into account some
peculiar aspects of the care provided in the United
States, such as the presence of highly specialized cen-
ters where complex procedures are performed (5).
Therefore, comparison of error rates among different
countries is hampered by substantial differences in
design and development of national health systems,
incidence of diseases and many other factors. For
instance, analysis of the available data suggests that
the United States performs the greatest or nearly the
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greatest number of medical procedures per capita in
several areas, including, for example, coronary
bypass, dialysis and magnetic resonance imaging (6).

A medical error, according to the IOM definition,
could mean ‘‘a health-care provider chose an inap-
propriate method of care, or it could also mean the
health provider chose the right course of care but car-
ried it out incorrectly’’. Alternatively, a medical error
is ‘‘the failure to complete a planned action as intend-
ed or the use of a wrong plan to achieve an aim’’. An
adverse event is defined as ‘‘an injury caused by
medical management rather than by the underlying
disease or condition of the patient’’ (4). The key point
of the report is that ‘‘whether a person is sick or just
trying to stay healthy, he or she should not have to
worry about being harmed by the health system
itself’’. Following the IOM declaration, the medical
community has considerably increased awareness of
this topic and several regulatory bodies and specialty
organizations have incorporated the provision of
increased patient safety as a core principle for
accreditation. However, although great emphasis has
been placed on medical errors alleged to have result-
ed in increased patient morbidity and mortality, less
attention was paid to the tracking and prevention of
diagnostic errors. In general, diagnostic errors are
commonly multifactorial in origin and can be clus-
tered within three categories: ‘‘system errors’’ typi-
cally play a role when diagnosis is delayed or missed
because of latent imperfections in the healthcare sys-
tem; ‘‘no-fault errors’’ occur when the disease is
silent, presents atypically, or mimics something more
common; and ‘‘cognitive errors’’ reflect misdiagnosis
from faulty data collection or interpretation, flawed
reasoning, or incomplete knowledge (7).

Types and frequency of errors in laboratory

medicine

Most people, especially those less involved in the
healthcare system, tend to believe that medical errors
usually occur from misuse of drugs or mishandled
surgery. Nevertheless, there are many other types of
medical errors, including misinterpretation of medical
orders and prescriptions, nosocomial and post-surgi-
cal wound infections, equipment failure and, last but
not least, diagnostic errors, such as misdiagnosis
leading to an incorrect choice of therapy, failure to
use an indicated diagnostic test, misinterpretation of
test results, and failure to act on abnormal results.
Although there are several and heterogeneous char-
acterizations for ‘‘laboratory error’’, a reasonable def-
inition, recently acknowledged by the International
Organization for Standardization, could be ‘‘any
defect from ordering tests to reporting results and
appropriately interpreting and reacting on these’’ (8,
9). Although there is extensive literature dealing with
the prevalence and types of mistakes, there is varying
information on the total (preanalytical, analytical and
postanalytical) error rates for laboratory testing, the
relative burden of which traditionally spans a wide
range (0.1–9.3%). The main reasons for such a broad

difference are underreporting and impaired error
detection techniques, the lack of a definite and uni-
versally accepted definition of laboratory testing error
before 2002, different study designs and heterogene-
ous methodological approaches (10). Using data from
the current literature, the error probability spans from
1 in 8300 laboratory results (or 2000 patients) (11) to
1 in 33–50 laboratory results (12). As these two limits
probably do not reflect the real situation, a more
probable error rate might range from 1 in 164 to 1 in
330 events or laboratory results (13–16). However,
even very low rates, because of the large number of
laboratory tests available, may reflect significant
patient numbers (17).

Whatever the type (random or systematic), there
are several occasions for laboratory testing errors.
Substantial advancements in automation and com-
puter applications, particularly during the last two
decades, have raised the awareness that analytical
errors are no longer the main factor influencing the
quality of laboratory testing, allowing a major sense
of security regarding the analytical phase and focus-
ing attention on alternative sources of errors, such as
preanalytical and postanalytical factors. The process
of laboratory medicine is typically divided into three
main phases (preanalytical, analytical and postanaly-
tical), with each of them variably affected by uncer-
tainties and errors (18). Despite heterogeneity in
study design, methodology of process analysis and
error tracking or classification, the error distribution
across the different phases of the entire testing proc-
ess appears similar. In particular, it has been dem-
onstrated that most laboratory errors occur in the
preanalytical phase, primarily because of a lack of
standardized protocols. The main reason for the high
prevalence of errors in this crucial step of the testing
process is that it is currently difficult to monitor all
preanalytical variables and to implement any
improvement processes necessary, particularly when
most of the variables (such as phlebotomy) are not
under direct laboratory control or supervision (19).
The relative percentage of errors in this phase, sug-
gested to be as high as 84.5% (8, 20), is frightening.
There is a considerable difference between in- and
outpatients, as reflected by the rather different error
rates (0.60% vs. 0.039% for the two categories,
respectively), which has been attributed to human
factors related to skill in drawing blood and the sheer
volume of laboratory tests carried out for inpatients
(8, 10). Therefore, patient care involving non-labora-
tory personnel seems to account for the majority of
errors, representing 95.2% of these mistakes (21). The
typology of preanalytical errors encountered in labo-
ratory practice is rather heterogeneous (Figure 1).
Data from the most representative studies on this top-
ic show that problems directly related to specimen
collection are the main cause of preanalytical errors
or variability, including hemolyzed (54%), insufficient
(21%), incorrect (13%) and clotted (5%) samples (8).
In vitro hemolysis, reflecting a more generalized proc-
ess of blood and vascular cell damage that occurs
during phlebotomy, is the most frequent reason for
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Figure 1 Preanalytical variables and laboratory testing.

specimen rejection, five-fold more frequent than the
next reason (insufficient specimen quantity), as indi-
cated by the College of American Pathologists (CAP)
Chemistry Specimen Acceptance Q-Probes study (22).
In hematology, a clotted specimen is the most fre-
quent reason for rejection and the container type with
the highest frequency of rejection is a pediatric tube
(17). Overall, inappropriate specimen quality and
quantity account for over 60% of preanalytical errors.
Additional problems, such as incorrect sample iden-
tification or handling, might occur beyond the blood
drawing process, although their prevalence is report-
edly much lower (22).

Lesser identifiable errors in laboratory

medicine

Besides the circumstances previously described,
there are some further and less controllable sources
of preanalytical errors that can seriously influence the
reliability of laboratory testing, but which are barely
identifiable by laboratory staff. These primarily in-
clude patient-related physical variables (physical ex-
ercise, diet, stress, positional effects), mild or visually
undetectable hemolysis, hemolyzed specimens for
analyses that do not require sample separation, and
prolonged tourniquet stasis during blood drawing.
Owing to regular training-induced variations of plas-
ma volume and metabolites, regular physical exercise
has a strong influence on several biochemical and
hematological variables (23–27). Therefore, interpre-
tation of some laboratory data in physically active
individuals may require caution, as results falling out-
side the conventional reference ranges are more likely
to reflect a physiological adaptation to regular train-
ing rather than underlying pathologies. Thus, individ-
ual lifestyle and biological rhythms should be always
taken into consideration before sample collection.

Visible hemolysis, usually defined as extracellular
hemoglobin concentrations above 0.3 g/L (4.65
mol/L), confers a detectable pink to red hue to serum
or plasma and is clearly visible in specimens contain-
ing as low as 0.5% hemolysate (28). In vitro hemolysis
traditionally reflects a more generalized process of
vascular and blood cell damage that can occur during
phlebotomy, which causes cell membrane disruption
and leakage of hemoglobin and other cellular com-
ponents into the surrounding fluid. Hemolysis has
always plagued clinical laboratories and is a growing
concern, as hemolyzed specimens are a rather fre-
quent occurrence, with prevalence as high as 3.3% of
all samples submitted to a clinical laboratory (29).
Leakage of intracellular analytes in plasma might pro-
duce falsely elevated measurable concentrations or
dilutional effects, increase the optical absorbance
or change the blank value, producing method- and
analyte concentration-dependent spectrophotometric
interference in common laboratory assays. Unfortu-
nately, clinically meaningful variations of some bio-
chemical and coagulation tests can be observed in
specimens displaying hemolysis that is mild or
almost undetectable by visual inspection (serum
hemoglobin -0.3 g/L) (30, 31). The tentative solution
to reporting laboratory test results for hemolyzed
specimens by including messages or flags is rather
questionable, irrespective of the application of correc-
tion formulas calculated from linear regression of
absolute error vs. hemoglobin concentration. In fact,
the heterogeneous and unpredictable response to
lysis observed for several parameters prevents the
adoption of reliable statistical corrective measures on
the basis of the degree of hemolysis. Therefore, if
hemolysis results from an in vitro cause, the most
convenient corrective solution might be warning the
clinician and collection of a new sample.

Before venipuncture, a tourniquet is frequently
used to assist the phlebotomist in locating a suitable
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Table 1 Synopsis of the interference of some lesser identifiable preanalytical variables on laboratory testing.

Variable Major effects References

Physical activity Plasma volume expansion (23–25)
Increased basal metabolism (26, 27)

Venous stasis Hemoconcentration (increased plasma concentration of
large analytes and protein-bound molecules, decreased
plasma concentration of small analytes)

(30, 31)

In vitro hemolysis Leakage of intracellular analytes (32, 33)
Dilutional effects of extracellular analytes (34)
Analytical interference

vein. Ideally, the tourniquet should be applied if nec-
essary and quickly removed when the needle is safely
in the vein. In clinical practice, however, the tour-
niquet is rarely released before the blood drawing
process is completed. Although blood collection is
supposed to be as fast as possible, several circum-
stances might contribute to increase the time of
venous stasis up to minutes, influencing the concen-
tration of several analytes in plasma. In particular,
hemoconcentration is recognized as a major factor
contributing to increased concentrations of large mol-
ecules, such as proteins and protein-bound sub-
stances, cells and coagulation factors. We have
recently demonstrated that analytically and clinically
significant changes from the standard venipuncture
are likely to occur for several biochemical, hemato-
logical and coagulation tests, even after a traditional
time (from 1 to 3 min) for tourniquet placement
(32–34). These effects were mostly dependent upon
stasis time and biochemical characteristics of the
analyte. Therefore, tourniquet-induced variations in
laboratory testing can be anticipated, highlighting the
need to adopt the most appropriate preventive meas-
ures to minimize the influence of venous stasis.

The influence of these lesser or non-identifiable
sources of variability (Table 1) represents another
challenge that is even greater than that represented
by the prevention and solution of other and more typi-
cal extra-analytical errors. In fact, because they can
scarcely be identified by current strategies based on
continuous laboratory monitoring and longitudinal
tracking, they can be hard to resolve.

Consequences of laboratory errors

Procedures to measure the quality of laboratory test-
ing have long been a challenging problem for labo-
ratory managers and accreditation agencies. It is now
widely accepted that spurious changes in laboratory
testing arising from inappropriate or inaccurate appli-
cation of rigid preanalytical protocols might be harm-
ful and misleading, consuming valuable healthcare
resources and leading to potential errors or delays in
patient care (35). As laboratory testing errors mainly
occur outside the analytical process, they are likely to
span the current branches or subspecialties of labo-
ratory medicine, including clinical biochemistry, he-
matology, coagulation, immunometry and molecular
biology. Methods such as sequence analysis of whole

genomes, DNA microarray technology and mass
spectrometry have been or are being developed as
high-throughput approaches for additional types of
genomic analyses, such as determining the parame-
ters of gene expression or the location of gene prod-
ucts, using thousands of samples at a time instead of
individually. Thus, as genomic and proteomic tech-
nologies progress towards higher throughput, up-
stream sample preparation becomes a potential
bottleneck, and specimen collection, transport, stor-
age and handling appear to be as critical as extraction
and purification procedures. In particular, genotypic
errors, whether due to mutation or laboratory error,
can lead to identification of the genotypes of parents
and their offspring as being inconsistent with Men-
delian inheritance, with rather unfavorable medical
and legal consequences (36). As a prerequisite to the
use of molecular biology techniques in the clinical
laboratory, there must thus be awareness of the addi-
tional preanalytical pitfalls associated with these
emerging techniques, such as the type of detergent
used in cell lysis, the anticoagulants used for blood
collection, residual erythrocytes, and the type and
duration of tissue fixation (37).

Although clinicians are increasingly used to a high
degree of quality for laboratory results, most recipi-
ents of laboratory test results take the probability of
errors into account in their clinical practice (35);
indeed, in a less desirable scenario, some of them
occasionally perceive results of laboratory testing as
a ‘‘Trojan horse’’ (Figure 1). Over recent years, labo-
ratory information has been reported and provided to
clinicians in an attractive graphical style, associated
with appropriate reference ranges for both age and
sex. However, this may hide a wide variety of pre-
analytical errors that reduce the quality of the whole
testing process. Inappropriate laboratory utilization
ultimately increases healthcare costs, harms patients
and perpetuates the vision of laboratory testing as a
commodity. Laboratory expenditure as a proportion
of total hospital care accounts for 4% in the United
Kingdom, 5.2% in Australia, 7–10% in Canada and 5%
in the United States (38). Improvements in specimen
quality and result utilization are hence essential for
quality improvement initiatives and health cost reduc-
tions. The error budget that clinicians might spend on
testing errors for the 31 most frequent laboratory
tests, based upon critical differences, is 26.9%, when,
for the same 31 tests and production conditions, the
overall biological variation is 7.9% (18).
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Preventive and reparative solutions

The IOM emphasizes that most medical errors are
likely system-related and less attributable to individ-
ual negligence or malpractice. Accordingly, the key to
reducing medical errors is to focus on improving the
systems of delivering care and not to blame individ-
uals. At this point, the crucial question is: how can we
handle this problem in order to minimize the effect of
preanalytical variables, while ensuring greater accu-
racy and confidence in laboratory testing and im-
proving the reliability and quality of our results?
Traditionally, laboratory quality has been assessed by
direct inspection, proficiency testing, and monitoring
of staff credentials. However, none of these approach-
es was demonstrated to be fully satisfactory in
addressing the pivotal problem of providing techni-
cally accurate and clinically meaningful information
(39). CAP has focused major attention on errors in
pathology and laboratory medicine since its inception
in 1946, contributing efforts and resources to organ-
ized strategies to reduce or eliminate these errors
(17).

The evidence that most laboratory testing errors
occur for inpatients and are often outside the direct
control of the laboratory staff suggests a solution that
is apparently the most obvious, though not necessar-
ily the simplest for reducing the complexity of the
entire preanalytical phase. Some technologies have
improved in a linear fashion or incrementally over
time, whereas others have truly led to a paradigm
shift. Beyond the rapid spread of point-of-care
devices, there are emerging scenarios in biochemical
testing that may soon revolutionize the current diag-
nostic approach in vitro. Progress has been made in
improving process robustness, and in manufacturing
rugged and miniaturized electroanalytical devices.
The development of new sensing technologies, such
as near-infrared and fluorescence spectroscopy, opti-
cal biosensors, in situ microscopes, surface plasmon
resonance and reflectometric interference spectro-
scopy, offers considerable promise for improved elec-
trochemical sensing, leading to complete analytical
systems capable of monitoring a broad spectrum of
analytes in vivo (40–42). Optical sensors, which en-
compass all analytical methods based on interactions
of light with matter, can offer the advantages of non-
invasive, non-destructive, continuous, and simulta-
neous multianalyte monitoring, meeting the special
demands of several diagnostic processes. Recently,
advances were made in the development of implan-
table chemical sensors capable of real-time monitor-
ing of clinically important species such as PO2, PCO2,
pH, glucose and lactate (43). Although no commercial
optical detection system has been fully developed so
far, glucose sensors using the transdermal, microdia-
lysis or open tissue microperfusion technique are cur-
rently under clinical development and may also
become available in the near future (44). Although
iontophoresis, a technique based on the application
of a small electric current to enhance the transport of
several compounds across the skin, has mainly been

used for transdermal drug delivery, ‘‘reverse ionto-
phoresis’’ has recently been the subject of consider-
able technological efforts and has been proposed for
alternative applications, including general blood
chemistry testing, glucose monitoring, detection of
diagnostic markers and therapeutic drug monitoring
(45). Unfortunately, some of these promising tech-
niques currently do not work for molecules with par-
ticular physicochemical properties, such as extremely
lipophilic compounds or large proteins, as they either
display extremely low aqueous solubility or are sim-
ply too large to be extracted in quantifiable amounts.
However, a potential use of these revolutionary tech-
niques for clinical chemistry testing without blood
sampling exists and represents a futuristic and attrac-
tive perspective that may eliminate a wide series of
preanalytical procedures directly related to specimen
collection, handling, storage and processing.

More realistically, a standard process for detecting,
tracking, classifying and reporting laboratory testing
errors should be developed and successfully applied.
Compliance with new accreditation standards, such
as the Clinical Pathology Accreditation or ISO/IEC
15189:2002 requirements, encompasses strict proce-
dures for the extra-analytical phase, such as collection
and handling of primary samples, traceability of sam-
ple portions and sample storage (38). Besides pro-
grams for improving analytical performance by
establishing daily quality control (Quality Assurance
Service) and proficiency programs (Surveys), CAP has
supported protocols to define the frequency of errors
throughout all facets of laboratory testing (Q-Probes
and Q-Tracks) (17). Accordingly, each error en-
countered throughout the entire laboratory work-
up should be rated and possibly associated with
perceived or tangible effects on patient outcome. The
use of extra-analytical indicators and specifications
for the preanalytical phase constitutes a potentially
useful tool and a further preliminary basis for com-
parison of individual laboratory performance, with the
purpose of continuous improvement of laboratory
quality (46). These proposed indicators are thus
intended as reliable, though not always universally
applicable, measures for assessing the outcome of a
specific clinical reasoning process, and can be consid-
ered a functional aid for the quantitative measure-
ment of quality. Unfortunately, the availability of
reliable outcome indicators that can be used to com-
pare diagnostic performances is still sparse.

From a practical viewpoint, total quality manage-
ment calls for an integrated approach, and error
reduction can be achieved through process redesign
by, for example, applying the Hazard Analysis and
Critical Control Points approach (18). This innovative
strategy requires preliminary identification of the
most error-prone steps in the whole laboratory work-
up, followed by the adoption of control procedures at
these critical steps. Error rate measurements and cor-
rection systems can be used for parts of the entire
process and the overall laboratory procedure might
be redesigned more efficiently. Intelligent and auto-
mated capabilities for preanalytical process control
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could represent an attractive perspective, as they
could favorably influence the error rate without neg-
atively impacting the process throughput (47).

Decentralized phlebotomy has been blamed for a
litany of quality problems. As most laboratory errors
arise from disorganization or lack of standardization,
and involve sampling phases outside the laboratory,
an effective measure is likely to result from improved
communication among caregivers and interdepart-
mental cooperation to achieve improved specimen
quality and data dissemination (48). This process
highlights the usefulness of clinical audits. Indeed,
there is much better compliance with specimen col-
lection policies and procedures when phlebotomists
and specimen collectors clearly understand why
things are done according to a standardized and accu-
rate procedure. Although restrictive policies for spec-
imen acceptance and very strict criteria for rejection
of inappropriate specimens may represent useful
approaches, proactive efforts to intervene further
upstream might yield major benefits, especially in the
long term. In this context, knowledge dissemination,
training and education are key points. Certification of
phlebotomists, including training curricula for all col-
lection staff, preferably developed by the laboratory,
is another essential part of this crucial process of
standardization.

A final approach is based on laboratory quality con-
trol procedures for patient data. The wider availability
of computers in today’s laboratories allows the appli-
cation of innovative statistical quality control proce-
dures, such as those based on Bull’s algorithm and
delta checking (49). ‘‘Downstream event monitoring’’
(DEM), based on monitoring of events in laboratory
patients within a critical window of time after they
have been tested, is a potentially effective instrument.
This applies the principles of quality management to
determine if the laboratory product has satisfactorily
met patient needs (39). In clinical practice, if a labo-
ratory’s patients have an unusually high rate of
adverse events that happen within a window of time
when the laboratory test would have played a critical
role, the laboratory should be further examined to see
if it is the cause of the problem.

Conclusions

Radical changes have occurred in the organization,
number and type of tests and in the role of medical
laboratories in healthcare over recent years. The affir-
mation of a new role for laboratory professionals calls
for greater analytical accuracy, and more stringent
test selection and interpretation of results (50). The
question remains, however, as to where the greatest
needs for improvement to achieve these goals are.
Laboratory data are an integral, often pivotal, part of
the complex decision-making process, influencing up
to 70% of medical diagnoses (51). The increasing
awareness of issues involving medical errors within
healthcare has cast a spotlight on the factors that con-
tribute to the resulting adverse events and has also

made clinical laboratories the subject of scrutiny as
essential parts of the overall healthcare system. As
preanalytical sources of variation can produce unpre-
dictable and unfavorable impacts on the wellbeing of
patients (18), a reduction in laboratory testing errors
and quality improvements both play a significant role
in programs for assessing and improving quality in
healthcare. By definition, technology is dynamic, and
in many ways it dictates advances in laboratory diag-
nostics. Automation, databases and computers have
greatly simplified many aspects of previously tedious
tasks, creating a greater volume of routine work, as
well as significantly improving the analytical error
rate over time. Therefore, mistakes outside the ana-
lytical phase of testing seem more likely to affect the
usefulness of laboratory results in patient care. The
attention of laboratory professionals should now be
focused on alternative and prevailing sources of
errors, such as those occurring within the preanaly-
tical and postanalytical phases. Competent knowl-
edge of these possible sources of variability is a
critical precondition for their avoidance, although
there is nearly universal agreement that laboratory
tests are over-utilized and one of the biggest sources
of preanalytical variability might be differences in the
test-ordering patterns of care providers (52). Attempts
to reduce unnecessary testing have often been diffi-
cult to implement or sustain. Interventions with the
greatest impact use multiple approaches, are repeat-
ed regularly, and include multifaceted education, peer
assessment and effective feedback strategies (53).
Besides direct policies aimed at improving the appro-
priateness of test requests and utilization, additional
preanalytical factors are common causes of inaccu-
rate test results. Moreover, most complaints about
unreliable laboratory testing are frequently a direct
outcome of incorrect techniques immediately asso-
ciated with the sampling procedure, such as phle-
botomy and specimen collection. In this respect,
consistent quality specimens, resulting from proper
training and knowledge of the factors that can influ-
ence laboratory results, are essential for minimizing
errors and optimizing resource utilization and quality,
and finally improving the whole patient management
process.

The pursuit of safety is a multidisciplinary enter-
prise. This is as true for patient safety, hitherto an
exclusively medical domain, as for any other safety
issue. Each treatment or diagnostic maneuver pres-
ents a dark side of the moon, represented by the
opportunity for errors. It is thus clear that human
error in medicine does exist and is a profound chal-
lenge. As is necessary when seeking to solve any
problem, the problem must first be described and the
factors contributing to it identified. Given the nature
of humans to err, we are aware that the complete
elimination of errors in clinical and laboratory medi-
cine is probably unattainable. However, emerging
tools are available to successfully reduce them or, at
least, to limit their potential adverse consequences on
the patient’s health. In his most eminent dissertation,
Marcus Tullius Cicero concluded that ‘‘Cujusvis homi-
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nis est errare; nullius, nisi insipiens, in errore perser-
verare’’ (to err is human, but to persevere in error is
only the act of a fool). This is also reasonably true
when dealing with laboratory errors, unless such
errors can actually be identified.
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