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Abstract

The healthcare context is characterized by a high degree of complexity. Despite eager efforts of the healthcare personnel, sometimes things go wrong
and produce unintentional harm to the patients. As such, patient safety must be considered as one of leading healthcare challenges. Some fore-
most studies have highlighted that serious medical errors might occur rather frequently, jeopardizing patient’s health and costing a huge amount
of money to the healthcare system. A medical error is traditionally defined as an unintended act, the failure of a planned action to be completed
as intended, the use of a wrong plan to achieve an aim when the failure can not be attributed to chance. Medical errors can be classified according
to several models, such as the clinical pathway (i.e., diagnostic, treatment, prevention and others), or the resulting harm to the patient (i.e., near
misses, no harm or harmful incident). Medical errors can also be classified in skill-based slips and lapses (i.e., errors of action), or rule and knowled-
ge-based mistakes (i.e., errors of intention). According to the source, most errors result from the combination of active failures and latent conditions.
It is noteworthy, however, that diagnostic errors have been frequently underestimated in the clinical practice. A laboratory error is any defect occur-
ring at any part of the laboratory cycle, from ordering tests to reporting, interpreting, and reacting to results. Although they have been traditionally
identified with analytical problems and uncertainty of measurements, an extensive scientific literature now attests that the vast majority of these
arise from the extra-analytical activities of the total testing process. Data from representative studies also show that preanalytical errors are the first
cause of variability in laboratory testing. The aim of this article is to provide an overview on the current knowledge about patient safety in healthca-
re and laboratory diagnostics.
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Introduction

The healthcare context is characterized by a high
degree of complexity, involving a broad number
and variety of medical disciplines networked for
prevention, diagnosis, therapy and follow-up of
human pathologies. Despite the eager efforts of
the healthcare personnel, sometimes things might
(and actually do) go wrong, thus producing unin-
tentional harm (eventually serious) to the patients.
As such, patient safety must be considered one of
leading healthcare challenges.

Some foremost studies in the field of patients safe-
ty, reviewed in the eminent Editorial “Reducing er-
rors in medicine” published by Donald M. Berwick

and Lucian L. Leape in the British Medical Journal in
1999 (1), highlighted that serious or potentially se-
rious medical errors can occur in the care of 6.7
out of every 100 patients, in 3.7% of hospital ad-
missions, over half of which would have been pre-
ventable and 13.6% of which might lead to death.
It was also estimated that medical errors cost the
U.S. $17-29 billion a year. Remarkably, approxima-
tely 2.2 million US hospital patients experience ad-
verse drug reactions (ADRs) to prescribed medica-
tions each year (2). These concerning esteems are
strongly supported by various data collected over
the past 20 years. In 1995, the U.S. federal Centers
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for Disease Control and Prevention (CDC) assessed
the number of unnecessary antibiotics prescribed
annually for viral infections to be 20 million. Mo-
reover, approximately 7.5 million unnecessary me-
dical and surgical procedures were performed an-
nually in the US, while approximately 8.9 million
Americans were hospitalized unnecessarily (3). Ac-
cording to various sources, the overall estimated
annual mortality and economic cost of improper
medical intervention is predictably much higher,
approaching 783,936 and $282 billion respectively
(106,000 deaths and $12 billion for ADRs, 98,000
and $2 billion for generic medical errors, 115,000
deaths and $55 billion for bedsores, 88,000 deaths
and $5 billion for hospital-acquired infections,
37,136 deaths and $122 billion for unnecessary pro-
cedures, 32,000 deaths and $9 billion for surgery-
related complications) (3). It is therefore noticeable
that the American healthcare system might be it-
self the leading cause of death and injury, and the
estimated 10-year total of 7.8 million iatrogenic
deaths are predictably higher than all the casual-
ties from all the wars fought by the US throughout
its entire history.

The notorious document “To Err is Human”, publis-
hed by the US Institute of Medicine (IOM) in 1999,
reported that as many as 98,000 people die each
year needlessly due to preventable medical harm,
the equivalent of a national disaster every week of
every year (4), three jumbo-jet crashes every 2
days, and largely overcoming the death rate due
from motor vehicle accidents, breast cancer, or
AIDS, which are the three causes that receive far
more public attention (5). Shortly afterward, these
data began to marshal considerable public and
professional sentiment. President Clinton sudden-
ly embraced them and promoted an effort to ad-
dress the problem with the Quality Interagency
Coordination Task Force. The IOM also recognized
the urgent need to establish firm actions to inter-
vene, in the attempt to reduce this sorrowful num-
ber of preventable harms, whereas the U.S. Con-
gress allocated $50 million to the Agency for Heal-
thcare Research and Quality (AHRQ) of the U.S. De-
partment of Health & Human Services for patient
safety research grants in the budget of the year
2001. Despite this initial flurry of activity, progress
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slowed once the media moved on to the next cri-
sis and, as such, a further document was released
by the IOM in late 2001, entitled “Crossing the Qua-
lity Chasm: A New Health Care System for the 21st
Century”(6). This report renewed the urgent call for
fundamental change to close the quality gap in
healthcare, also recommending a sweeping rede-
sign of the U.S. healthcare system and providing
overarching principles for specific direction for po-
licymakers, healthcare leaders, clinicians, regula-
tors, purchasers, and others. In this volume, the
steering committee presented a set of performance
expectations for the 21st century health care sy-
stem, a set of 10 new rules to guide patient-clini-
cian relationships, a suggested organizing fra-
mework to better align the incentives inherent in
payment and accountability with improvements
in quality, as well as the key steps to promote evi-
dence-based practice and strengthen clinical in-
formation systems. In May 2004, the World Health
Organization (WHO) also recognized the magnitu-
de of the problem and supported the creation of
an international alliance named “World Alliance for
Patient Safety”, to facilitate the development of pa-
tient safety policy and practice in all Member Sta-
tes, to act as a major force for international impro-
vement. The WHO'’s World Alliance for Patient Sa-
fety work was supported by a growing number of
partnerships with safety agencies, technical ex-
perts, patient groups and many other stakeholders
from around the world who should help to drive
the patient safety agenda forward. One of the lea-
ding issues was the development of an Internatio-
nal Classification for Patient Safety (ICPS), which is
intended to harmonize the description of patient
safety incidents into a common (standardized) lan-
guage, allow systematic collection of information
about patient safety incidents (both adverse events
and near misses) from a variety of sources and al-
low statistical analysis, learning and resource prio-
ritization aimed to harmonize the description of
patient safety incidents (7).

Despite the notable focus placed on the issue of
patient safety the Consumers Union has recently
released a report, which was symbolically entitled
“To Err is Human - To Delay is Deadly”. The heading
is somehow frustrating, asserting that “Ten years
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later, a million lives lost, billions of dollars wasted” (8).
This expert, independent, nonprofit U.S. organiza-
tion whose mission is to work for a fair, just, and
safe marketplace for all consumers and to em-
power consumers to protect themselves, highlig-
hted that it is still unclear whether any real prog-
ress has been made in this field, and efforts to redu-
ce the harm caused by the medical care system
were few and fragmented. With little transparency
and no public reporting (except where hard foug-
ht state laws required public reporting of hospital
infections), scarce data are not in support of any
real progress. It was in fact reported that preven-
table medical harm still accounts for more than
100,000 deaths each year — a million lives over the
past decade - and medication errors in hospitals
alone still cost $3.5 billion a year. Moreover, based
on paper chart reviews and billing records, it is al-
so estimated that patient safety declined by 1 per-
cent in each of the six years following the IOM re-
port so that, according to these concerning data,
the U.S. healthcare context is supposed to be less
safe than in 1999 (9). Some key issues were brought
to attest the failure of the safety policy of the heal-
thcare system, including evidence that:

1. few hospitals have adopted well-known systems
to prevent medication errors and the U.S. Food
& Drug Administration (FDA) rarely intervenes;

2. a national system of accountability through
transparency as recommended by the IOM has
not been created;

3. no national entity has been empowered to coor-
dinate and track patient safety improvements;
and

4. doctors and other health professionals are not
expected to demonstrate competency.

It was thereby concluded that this unjustified me-
dical harm is as yet unacceptable, demanding ur-
gent and determined actions from the healthcare
system that might include further prevention of me-
dication errors, creation of accountability through
transparency (i.e., identification and learning from
preventable medical harm through both manda-
tory and voluntary reporting systems), establis-
hment of a national focus to track progress, increa-
se of the standards for improvements and establis-

hment of major competency in patient safety for
doctors, nurses and healthcare organizations.

To further boost the establishment of a culture of
safety in healthcare, in 2006 the former U.S. Presi-
dent George Bush signed the Deficit Reduction
Act (DRA), requiring the Secretary to identify con-
ditions that are:

a) high cost or high volume or both;

b) result in the assignment of a case to a Diagnosis
Related Group (DRG) that has a higher payment
when present as a secondary diagnosis; and

¢) could reasonably have been prevented through
the application of evidence-based guidelines.

For discharges occurred after October 1, 2008, hos-
pitals have no longer received additional payment
for cases which had been identified by the National
Quality Forum in which one of the selected condi-
tions was not present on admission (object inad-
vertently left in after surgery, air embolism, blood
incompatibility, catheter associated urinary tract
infection, pressure ulcer (decubitus ulcer), vascular
catheter associated infection, surgical site infection-
mediastinitis (infection in the chest) after corona-
ry artery bypass graft surgery and certain types of
falls and traumas). In 2009 additional conditions
were included (i.e., surgical site infections following
certain elective procedures, including certain or-
thopedic surgeries, and bariatric surgery for obesi-
ty, certain manifestations of poor control of blood
sugar levels, deep vein thrombosis or pulmonary
embolism following total knee replacement and
hip replacement procedures) (10). By adopting this
restrictive policy, the Centers for Medicare and Me-
dicaid Services estimate the federal government
will realize savings of $60 million per year, begin-
ning in 2012. The UK government is now starting a
similar embargo inasmuch as the UK National Heal-
thcare System (NHS) operating framework for 2010-
11 has set important changes, with payment in-
creases to hospitals only available by improving
quality. Beginning from April 2010, primary care
trusts will not pay if treatment results in one of the
seven listed “never events” (i.e., wrong site surgery,
retained instrument after an operation, wrong rou-
te of administration of chemotherapy, misplaced
nasogastric or orogastric tube not detected before
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use, inpatient suicide by use of non-collapsible
rails, in-hospital maternal death from postpartum
haemorrhage after elective caesarean section, and
intravenous administration of miss-selected con-
centrated potassium chloride) (11). The clinical con-
ditions for which both the U.S. Medicare and the
UK NHS will cease to pay are obviously preventab-
le, as are the vast majority of laboratory errors. In
the predictable scenario that national healthcare
systems may generalize the principle of refusal to
pay for poor-quality care beyond these initial and
predictably symbolic national initiatives, laborato-
ry professionals will be encouraged to place more
focus on the best possible quality and clinical value
of laboratory diagnostics (12).

Taxonomy of patient safety

Quality is the degree to which health services for
individuals and populations increase the likeli-
hood of desired health outcomes and are consis-
tent with current professional knowledge. Patient
safety is commonly considered as the reduction of
risk of unnecessary harm associated with healthca-
re to an acceptable minimum, which encompasses
the collective notions of given current knowledge,
resources available and the context in which care
is delivered weighed against the risk of non-treat-
ment or other treatment. A patient safety practice
is therefore a type of process or structure whose
application reduces the probability of adverse
events resulting from exposure to the healthcare
system across a range of diseases and procedures.
Healthcare-associated harm is any harm arising
from or associated with plans or actions taken du-
ring the provision of healthcare, rather than an un-
derlying disease or injury. A patient safety incident
is an event or circumstance that could have resul-
ted, or did result, in unnecessary harm to a patient,
thus meaning impairment of structure or function
of the body and/or any deleterious effect arising
there from (i.e., disease, injury, suffering, disability
and death) (13).

The definitions of medical error are still subjected
to debate, as there are many types (from minor to
major), and the causality is often undetermined
while being usually attributed to a variety of factors
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such as human vulnerability, medical complexity
and system failures. Although a medical error is
technically portrayed as an adverse event or near
miss that is preventable with the current state of
medical knowledge (14), more conventionally me-
dical errors are referred to as an incorrect clinical
diagnosis, a mishandled therapeutic procedure or,
globally, as the result of a flawed clinical decision
making. On the other hand, a medical mistake has
also been defined as a commission or an omission
with potentially negative consequences for the
patient that would have been judged wrong by
skilled and knowledgeable peers at the time it oc-
curred, independent of whether there were any
negative consequences (15). The IOM also defined
an error as the failure of a planned action to be
completed as intended (i.e., error of execution) or
the use of a wrong plan to achieve an aim (4). Luci-
na L. Leape defines an error as an “unintended act
(either omission or commission) or an act that does
not achieve its intended outcome” (5), while James
Reason defines it as a “failure of a planned sequen-
ce of mental or physical activities to achieve its in-
tended outcome when these failures cannot be at-
tributed to chance” (16). There is however a major
area of agreement in all these definitions that is
the obvious exclusion of the natural history of di-
sease that does not respond to treatment as well as
the foreseeable complications of a correctly per-
formed medical procedure from the adverse out-
come occurred. According to the IOM, medical er-
rors can be classified according to four major cate-
gories according to the clinical path, that are “diag-
nostic”, “treatment”, “prevention” and “others” (Ta-
ble 1). Incidents are traditionally classified in near
miss (an incident which did not reach the patient),
no harm incident (an incident which reached a pa-
tient but no discernable harm resulted) and har-
mful incident or adverse event (an incident which
resulted in harm to a patient). The degree of pa-
tient safety incident can be further streamlined in
the broad conceptual framework of patient outco-
me, ranging from no harm (patient is not sympto-
matic or no symptoms detected and no treatment
is required), mild harm (patient is symptomatic,
symptoms are mild, loss of function or harm is mi-
nimal or intermediate but short term, and no or
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TasLE 1. Classification of medical errors.

Diagnostic

« Error or delay in diagnosis

+ Failure to employ indicated tests

+ Use of outmoded tests or therapy

- Failure to act on results of monitoring or testing

Treatment
- Error in performance of an operation, procedure, or test
« Error in administering treatment
« Error in the dose or method of using a drug

- Avoidable delay in treatment or in responding to an
abnormal test

+ Inappropriate care

Preventive
« Failure to provide prophylactic treatment
+ Inadequate monitoring or follow-up of treatment

Other

« Failure of communication
« Equipment failure

« Other system failure

minimal intervention is required), moderate harm
(patient is symptomatic, requiring intervention, an
increased length of stay, or causing permanent or
long term harm or loss of function), severe harm
(patient is symptomatic, requiring life-saving inter-
vention or major surgical/medical intervention, shor-
tening life expectancy or causing major perma-

Latent condition + Active failure

ERROR

nent or long term harm or loss of function), and
death (which was caused or brought forward in the
short term by the safety incident) (13). Most errors
results from active failures, that are unsafe acts
committed by people who are in direct contact
with the system and have a direct and usually sho-
rt-lived effect on the integrity of the defenses, or
latent conditions, that are fundamental vulnerabi-
lities in one or more layers of the system such as
system faults, system and process misfit, alarm
overload, inadequate maintenance. As such, latent
conditions may lie dormant within the system for
many years before they combine with active failu-
res and local triggers to create an accident oppor-
tunity. Errors can also be classified in skill-based
slips and lapses (i.e., errors of action), or rule and
knowledge-based mistakes (i.e., errors of inten-
tion). In the former case the operators actually
knew what to do but did the wrong action/s (e.g.,
administering the wrong drug, processing an un-
suitable specimen), whereas in the latter case they
failed to chose the right rule (e.g., requesting an
inappropriate diagnostic test), violated rules (e.g.,
administering the right drug at the wrong time, re-
lease laboratory test results while violating quality
controls), or did not know what they were doing
(e.g., failing to understand the distinction between
references and values in a spreadsheet) (Figure 1).

— Slips and lapses

-

-

» Diagnostic
» Treatment
- Prevention
« Others

Errors of action

|—> Wrong action executed

Errors of Intention

Wrong rule
Violation of rules

Lack of knowledge

— Rule and knowledge-based

Ficure 1. Classification of medical errors.
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Basically, slips and lapses are the easiest to identify
and recover from as users can always recognize
that they have made an error. Conversely, recove-
ring from rule-based errors is more challenging
since this means that the whole system has to un-
derstand the process and rules associated with so-
me specific intention. Finally, recovering from know-
ledge-based errors is very difficult because the
system has to know the intentions of the user.

As other medical areas, laboratory diagnostics is
frequently delivered in a pressurized and fast-mo-
ving environment, involving a vast array of innova-
tive and complex technologies, so that it can not
be considered completely safe. A reliable defini-
tion of laboratory errors is that originally provided
by Bonini et al. as “a diagnosis that is missed, wrong,
or delayed, as detected by some subsequent definiti-
ve test or finding”, which has been further acknow-
ledged and adopted by the ISO Technical Report
22367, as “a defect occurring at any part of the labo-
ratory cycle, from ordering tests to reporting, inter-
preting, and reacting to results” (17).

Diagnostic errors

Although it is difficult to esteem accurately the ra-
te of diagnostic errors in general, it has been re-
ported that the prevalence of laboratory errors
can be as high as one every 330-1000 events, 900-
2074 patients, and 214-8316 laboratory test results
(18). It is therefore surprising to notice that diag-
nostic errors have been frequently underestima-
ted in the clinical practice over the past decades.
This has been attributed to two main reasons.
First, it is commonly perceived that diagnostics has
pursued a virtuous path, culminating in a substan-
tial reduction of vulnerable steps. Then, diagnostic
errors in general might go frequently undetected
since they not always translate into a real harm for
the patient, or the eventual harm can not be trut-
hfully related to a diagnostic error. While laborato-
ry errors are traditionally identified with analytical
problems and uncertainty of measurements, an
extensive scientific literature now attests that mo-
st errors (up to 80-90%) seem to occur from the
extra-analytical phase of the total testing process
(19-24). Even more interestingly, patient care invol-
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ving non-laboratory personnel seems to account
for the majority of errors, representing 95.2% of
these mistakes. Data from the most representative
studies on this topic, show that preanalytical er-
rors (e.g., insufficient samples, poor sample condi-
tions, inappropriate sample handling and transport,
incorrect identification, incorrect sample) are the
first cause of variability in laboratory testing, ac-
counting for more than half (46-68%) of all labora-
tory errors, whereas analytical (e.g., equipment
malfunction, release of results despite poor quality
controls, analytical interferences) and postanalyti-
cal errors (e.g., inappropriate reporting or analysis,
improper data entry, high turn around times, failu-
re to notify critical values) represent respectively
7-13% and 18-47% of all mistakes in the total tes-
ting process. Although it is rarely clear whether a
diagnostic error might still impact negatively on
patient outcome inasmuch as spurious or absurd
results are usually ignored because easily recogni-
zed, under critical conditions there is indeed a
high chance that near-misses might translate into
serious incidents (5 to 20% of the cases) such as
the use of redundant procedures (e.g., blood grou-
ping, blood safety testing, constitutional tests in
general), repeat testing, misdiagnosis and thereby
wrong clinical decision making.

In spite of this apparent underestimation of diag-
nostic errors, laboratory medicine has been fore-
most in pursuing the issue of patient safety. More
than 80 years ago, the American Society of Clinical
Pathologists (ASCP), the herald of the current Col-
lege of American Pathologist (CAP), settled a vo-
luntary proficiency testing program focused on
analytical quality (25). In the early 1990s, the CAP
initiated several Q-Probes studies and Q-Tracks in-
vestigations to collect and analyze results on a va-
riety of performance measures, including magni-
tude and significance of errors, strategies for error
reduction, and willingness to implement each of
these performance measures (26). As such, labora-
tory professionals, regulation bodies together with
the diagnostics industry have been focusing for
decades for improving the analytical quality, by
establishment of Internal Quality Controls (IQCs)
and External Quality Assessment (EQA) schemes
(19, 27-28).
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Several national and international bodies and or-
ganizations, not necessarily linked to the field of
laboratory medicine, still include diagnostic errors
among the most preventable causes of harm for
the patients. The Patient Fact Sheet issued by the
AHRQ lists “Five steps to safer health care” that are:

1. ask questions if you have doubts or concerns;

2. keep and bring a list of all the medicines you
take;

3. get the results of any test or procedure;

4. talk to your doctor about which hospital is best
for your health needs; and

5. make sure you understand what will happen if
you need surgery.

As regards the third item, which actually refers to
diagnostic errors, it is clearly specified to “ask
when and how you will get the results of tests or
procedures. Don’t assume the results are fine if
you do not get them when expected, be it in per-
son, by phone, or by mail. Call your doctor and ask
for your results. Ask what the results mean for your
care” (29). The 2010 National Patient Safety Goals
(NPSGs) issued by the Join Commission still inclu-
des several items targeting laboratory diagnostics,
which are:

1. Goal 1 - Improve the accuracy of patient identi-
fication (Use of two patient identifiers),
2. Goal 2 - Improve the effectiveness of commu-
nication among caregivers (Timely Reporting
of Critical Tests and Critical Results) (30).
In the Forward Programme 2008-2009 issued by
the WHO'’s World Alliance for Patient Safety, mis-
diagnosis is also included within the priority areas
of research for developed countries (7). Alongside
this aim, the National Quality Forum (NQF, suppor-
ted by the Centers for Disease Control), has recen-
tly issued a document entitled “Preferred Practices
for Measuring and Reporting Patient Safety and
Communication in Laboratory Medicine: A Consen-
sus Report”, where six preferred practices have
been endorsed as national voluntary consensus
standards to drive quality improvement within the
pre- and postanalytical phases of the total testing
process (laboratory leadership, patient/specimen
identification, sample acceptability, test order ac-
curacy, verbal communication, critical value/result

reporting) (31). Interestingly, compliance with the-
se recommendations is not mandatory, since they
are mainly aimed at improving both patient safety
and communication of laboratory information wi-
th stakeholders (Table 2).

Incident reporting in medicine and
laboratory diagnostics

The one thing we have learned well is that it almo-
st impossible to have safety where transparency is
not assured. In 1994, Lucian L. Leape affirmed that
medical errors were not being reported, an asser-

TaBLE 2. Major claims on patient safety in laboratory diagnostics.

Agency of the Healthcare Research and Quality - Five
steps to safer health care

+ Ask when and how you will get the results of tests or
procedures.

- Don't assume the results are fine if you do not get them
when expected, be it in person, by phone, or by mail.

« Call your doctor and ask for your results.
« Ask what the results mean for your care

Join Commission - 2010 National Patient Safety Goals
(NPSGs)
« Goal 1 - Improve the accuracy of patient identification
(Use of two patient identifiers)
« Goal 2 - Improve the effectiveness of communication
among caregivers (Timely Reporting of Critical Tests and
Critical Results).

World Health Organization’s World Alliance for Patient
Safety - Forward Programme 2008-2009
- International Classification for Patient Safety (ICPS)
- Patient Identification
- Referral/Consultation
- Response to Emergency
« Prevent misdiagnosis

National Quality Forum - Preferred Practices for
Measuring and Reporting Patient Safety and
Communication

+ Laboratory leadership

- Patient/specimen identification

« Sample acceptability

- Test order accuracy

+ Verbal communication

« Critical value/result reporting

International Federation of Clinical Chemistry (IFCC) -
Working Group on laboratory errors and patient safety
» Development of a Model of Quality Indicators (MQI)
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tion that is actually supported by reliable esteems
attesting that as few as 5% and no more than 20%
of iatrogenic events are ever reported (5). Errors in
healthcare can be identified by several mecha-
nisms. Historically, medical errors were revealed
retrospectively through morbidity and mortality
committees, malpractice claims data and retros-
pective chart review to quantify adverse event ra-
tes. Basically, the concept of incident recovery,
which is derived from industrial science and error
theory, is of particular importance for learning
from patient safety since it successfully allows de-
veloping reporting systems for serious accidents
and important “near misses” (32). It is inherently a
meaningful process by which a contributing factor
and/or hazard is identified, acknowledged and ad-
dressed, thereby preventing a hazard to develop
into an incident. Event reporting is also defined as
the primary means through which ADRs and other
risks can be identified. The leading purposes of
event reporting are to improve the management
of an individual patient, identify and correct syste-
ms failures, prevent recurrent events, aid in crea-
ting a database for risk management and quality
improvement purposes, assist in providing a safe
environment for patient care, provide a record of
the event, and obtain immediate medical advice
and legal counsel. As yet, the IOM has recommen-
ded two types of reports, that are mandatory re-
ports for the small fraction of events resulting in
death or serious harm to patients, and voluntary
reports focusing on errors that result in minor or
temporary harm or near-misses.

In the U.K,, the National Patient Safety Agency en-
courages voluntary reporting of healthcare errors,
and considers several specific instances known as
“Confidential Enquiries” for which investigation is
routinely initiated (i.e., maternal or infant deaths,
childhood deaths to age 16, deaths in persons
with mental illness, and perioperative and unex-
pected medical deaths) (33). Medical records and
questionnaires are requested from the involved
clinician, and participation has been predictably
high, since individual details are confidential. In
1995, hospital-based surveillance was mandated
by the U.S. Joint Commission on the Accreditation
of Healthcare Organizations (JCAHO) because of a
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perception that incidents resulting in harm were
occurring frequently. As one component of its
Sentinel Event Policy, the JCAHO created a Senti-
nel Event Database which accepts voluntary re-
ports of sentinel events from member institutions,
patients, families, and the press. In 2005, the U.S.
Congress passed the long-debated Patient Safety
and Quality Improvement Act, establishing a fede-
ral reporting database. Hospitals reports of serious
patient harm are thus voluntary, collected by pa-
tient safety organizations under contract to ana-
lyze errors and recommend improvements. Re-
ports remain however confidential, and they can-
not be used in liability cases (34). An additional
example of national incident reporting system is
the Australian Incident Monitoring Study (AIMS),
which works under the auspices of the Australian
Patient Safety Foundation (35). Investigators have
created an anonymous and voluntary near miss
and adverse event reporting system for anesthe-
tists based on a form that has been distributed to
participants, and which contains instructions, defi-
nitions, space for narrative of the event, and struc-
tured sections to record the anesthesia and proce-
dure, demographics about the patient and anes-
thetist, and what, when, why, where, and how the
event occurred. Several other examples of incident
reporting are running throughout Europe, though
mostly heterogeneous in their path, since the local
national system typology may include sentinel
event reporting (which is often mandatory by law),
specific clinical domain reports (which are often
voluntary) and system-wide, all-inclusive reports
(which can be either mandatory or voluntary). It is
inherently clear however that unless a European
body will be established to put forward some sort
of standardization or harmonization, most natio-
nal efforts will remain isolate, not allowing transfe-
rability of results and practices, as well as making
benchmark analysis almost impossible.

Whilst major focus has been placed on incident re-
porting for several medical conditions, lesser ef-
forts have been devoted on translating this no-
teworthy practice into laboratory diagnostics. The
laboratory professionals are however patient fidu-
ciaries and thereby responsible for every type of
problem involving a serious harm for the patient.
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Whereas major efforts have been placed to moni-
tor the state of the art in the preanalytical phase
and provide reliable solutions in some countries
such as Croatia (36) and Italy (37,38), it is surprising
that formal programs of incident reporting have
not been so pervasive in laboratory diagnostics as
in other healthcare settings. This calls for the ur-
gent need to establish a reliable policy of errors re-
cording, possibly through informatics aids (39),
and settle universally agreed “laboratory sentinel
events” throughout the total testing process,
which would allow gaining important information
about serious incidents and holding both provide-
rs and stakeholders accountable for patient safety.
Some of these sentinel events have already been
identified, including inappropriate test requests
for critical pathologies and patient misidentifica-
tion (preanalytical phase), use of wrong assays, se-
vere analytical errors, critical tests performed on
unsuitable samples and release of laboratory re-
sults in spite of poor quality controls (analytical
phase), failure to alert critical values and wrong re-
port destination (postanalytical phase) (40,41). The
Drafting Group of WHO's International Classifica-
tion for Patient Safety (ICPS) has also developed a
conceptual framework which might also be sui-
table for diagnostics errors, and consists of 10 high
levels that include incident type, patient outco-
mes, patient characteristics, incident characteris-
tics, contributing factors/hazards, organizational
outcomes, detection, mitigating factors, ameliora-
ting actions, actions taken to reduce risk. Among
these, some items can be used for identifying and
reporting problems in laboratory diagnostics, as
listed in Table 3.

Solutions

In agreement with the foremost model of James
Reason, the most reliable approach to enhance
patient safety in laboratory diagnostics, and more
generally in healthcare, encompasses a multiface-
ted approach based on predicting eventual acci-
dents, reducing the number of latent conditions in
the different layers of the system (plug the holes),
increasing and diversifying the strength of the de-
fenses, so that probability of accident trajectories

TaBLE 3. Examples of incident reporting in laboratory diagnos-
tics: potential indicators from WHO's International Classification
for Patient Safety (ICPS).

Process involved Potential problem

Incident related to a clinical process/procedure

« Screening/prevention/ - Not performed when
routine checkup indicated

- Diagnosis/assessment + Incomplete/inadequate

- Tests/investigations « Unavailable

» Specimens/results - Wrong patient

- Wrong process
» Wrong body part/side/site
- Detention/restraint

Documentation

+ Orders/requests + Not performed when

- Assessments/consultations  indicated

. Forms/certificates + Incomplete/inadequate

- Instructions/information + Unavailable

« Policies/procedures/ « Wrong patient
guidelines - Wrong process/service

« Labels/stickers/
identification bands

« Cards/letters/E-mails/
records of communication

« Reports/results

Blood/blood products

- Pre-Transfusion Testing - Wrong patient
« Wrong blood
« Wrong dispensing label

Medical device/equipment

+ Any medical device/ « Poor Presentation/
equipment packaging
« Lack of availability
- Inappropriate for task
« Failure/malfunction
- Dislodgement/
misconnection
« Removal
« Usererror

Resources/organizational management

+ Matching of workload
management

- Service Availability/
adequacy

- Staff availability/adequacy

» Organization of teams/
people

« Protocols/policy/
procedure/guideline

Biochemia Medica 2010;20(2):131-43
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and active faults is minimized (42,43). The final re-
sults is a kind of “vicious circle”, where harm is be-
ing measured, causes understood, solutions iden-
tified, impact and translation of evidence into sa-
fer care finally evaluated to get back to the starting
point of the loop (Figure 2). In this context, risk ma-
nagement, clinical governance and root cause
analysis (RCA) all play a prominent role. The Failure
Mode and Effect Analysis (FMEA) has been broadly
cited as a reliable approach to risk management. It
is a systematic process for identifying potential
process failures earlier before they occur, with the
aim to eliminate them or minimize the relative risk.
This model of risk management was originally de-
veloped in the 1940s by the U.S. Army, and further
developed by the aerospace and automobile in-
dustries. The US department of Veteran Affairs
(VA) National Center for Patient Safety developed
a simplified version of FMEA for being applied to
healthcare, called Healthcare FMEA (HFMEA) (44).
Considering that all human errors, including medi-
cal errors, always have a preceding cause, RCA is
an additional valuable aid, since it is based on a
retrospective analytical approach, which has found
broad applications to investigate major industrial
accidents (16). Basically, a root cause is the most

1.
Measuring Harm

2.
Understanding

Causes
3.
4. Identifying
Evaluating Impact Solutions

FIGURE 2. The virtuous path of enhancing safety in healthcare.

Biochemia Medica 2010;20(2):131-43

basic casual factor which, when corrected or re-
moved, might prevent recurrence of an adverse
and unwelcome event (e.g., a medical error). As
such, RCA focuses on identifying the latent condi-
tions that underlie variation in medical performan-
ce and, if applicable, developing recommenda-
tions for improvements to decrease the likelihood
of a similar incident in the future.

As for any other type of medical error, develop-
ment and widespread implementation of a total
quality management system is the most effective
strategy to minimize uncertainty in laboratory
diagnostics. Pragmatically, this can be achieved
using three complementary actions, that are pre-
venting adverse events (error prevention), making
them visible (error detection), and mitigating their
adverse consequences when they occur (error
management). Owing to the volume and com-
plexity of testing, a large number of errors still oc-
cur in laboratory diagnostics, especially in the
extra-analytical phases of testing. In particular,
the high frequency of errors still attributable to
processes external to the laboratory requires ad-
ditional efforts for the governance of this neglec-
ted phase of the total testing process (23,42-43). A
primary solution is the adoption of uniform repor-
ting schemes for error events based on reliable
quality indicators covering both the analytical
and extra-analytical phases of testing (45). As such,
the division of Education and Management (EMD)
of the International Federation of Clinical Che-
mistry and Laboratory Medicine (IFCC) has es-
tablished a Working Group named “Laboratory
Errors and Patient Safety (WG-LEPS)”, with the
specific mission to promote and encourage inves-
tigations into errors in laboratory medicine, gat-
her available data on this issue, and establish stra-
tegies and paths for improving patient safety (46).
The anticipated outcome is the creation of reliab-
le Model of Quality Indicators (MQI), which would
grant major improvements of laboratory perfor-
mance as well as identify suitable actions to un-
dertake when dealing with critical events throug-
hout the total testing process. In strict analogy wi-
th the analytical phase, the next step to improve
the quality of the total testing process therefore
foresees development and introduction of ICQ
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and EQA programs embracing the total testing
process, downstream and upstream the analytical
phase. There are already some noteworthy exam-
ples on how this can be translated into practice,
such as the forthcoming introduction of a natio-
nal EQA scheme in Croatia for the preanalytical
phase (24), or the development of a reliable prog-
ram of quality control of the hemolysis index
among different laboratories (47,48).

Conclusions

Patient safety is the healthcare discipline that em-
phasizes the reporting, analysis, and prevention of
medical error that often lead to adverse healthca-
re events. Besides carrying serious harms to the
patient health, medical errors translate into a huge
amount of money wiped out of the national and
international economy. Significant progress has
been made since the release of “To Err is Human”.
Basically, what has changed is the willingness to
recognize the challenge and not argue about the
numbers, but appreciate that care must be safe al-
ways and everywhere for each patient. This has
led to remarkable changes in the culture of heal-
thcare organizations, so that medical errors can no
longer be seen as inevitable, but as something
that can be actively streamlined and prevented. At
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