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Quality indicators to detect pre-analytical errors in laboratory testing
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The identification of reliable quality indicators (QIs) is a crucial step in enabling users to quantify the quality of

laboratory services. The current lack of attention to extra-laboratory factors is in stark contrast to the body of

evidence pointing to the multitude of errors that continue to occur, particularly in the pre-analytical phase.

The ISO 15189: 2012 standard for laboratory accreditation defines the pre-analytical phase, and recognizes the

need to evaluate, monitor and improve all the procedures and processes in the initial phase of the testing

cycle, including those performed in the phase of requesting tests and collecting samples, the so-called “pre-

pre-analytical phase”. Therefore, QIs should allow the identification of errors and non-conformities that can

occur in all steps of the pre-analytical phase. Traditionally, pre-analytical errors are grouped into identification

and sample problems. However, appropriate test requesting and complete request forms are now recognized

as fundamental components in providing valuable laboratory services.

The model of QIs developed by the Working Group of the International Federation of Clinical Chemistry and

Laboratory Medicine (IFCC) includes indicators related to both identification and sample problems as well as

all other pre-analytical defects, including those in test requesting and request forms. It, moreover, provides the

framework (with objective criteria) necessary for promoting the harmonization of available QIs in the pre-

analytical phase.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

The journey towards quality and patient safety in laboratory medi-

cine is complicated by myths, imperfect knowledge and human fallibil-

ity. One myth is that a “zero error rate” can be achieved, while

“imperfect knowledge” reflects the poor understanding of the total test-

ing process (TTP) and its complexity. In addition, human frailty makes

processes incapable of high reliability. Further barriers to a safer system

are the changing face of the discipline accompanied by the need for

interventions that are multifactorial, complex and involve numerous

individuals, including laboratory professionals, those in care teams

and patients. The approach to errors in laboratory medicine has varied

greatly in the last two decades, shifting from a “laboratory-centered”

scenario that might recognize only analytical errors, to a “patient-

centered” scenario that focuses on errors in the total testing process.

In fact, the new millennium has hailed a formidable improvement in

the analytical phase with a ten-fold reduction in error rates, thanks to

an improved standardization of analytic techniques and reagents,

advances in instrumentation and information technologies, as well as

to the availability of more qualified and better trained staff [1]. In addi-

tion, this achievement is due, at least in part, to the evidence that in the

last few years, reliable quality indicators and quality specifications have

been developed and introduced for the effectivemanagement of analyt-

ical procedures [2]. Internal quality control rules, as well as objective

analytical quality specifications, and the availability of Proficiency Test-

ing (PT)/External Quality Assessment (EQA) programs have allowed

clinical laboratories to measure, monitor and improve their analytic

performance over time. According to recent evidence, most errors fall

outside the analytical phase, while pre- and post-analytical steps have

been found to be more vulnerable to the risk of error [3,4]. Achieving

consensus on a comprehensive definition of errors in laboratory testing

[5] was amilestone in reducing errors and improving upon patient safe-

ty since this definition emphasizes the need to evaluate all the steps in

the TTP whether or not they fall under the direct control of laboratory

personnel, the ultimate goal being to improve, first and foremost,

quality and safety for patients. However, the current lack of attention

to extra-laboratory factors and related quality indicators is in stark con-

trast to the body of evidence pointing to the multitude of errors that

continue to occur, particularly in the pre-analytical phase. The present

paper therefore aims to suggest a possible roadmap for the harmoniza-

tion of quality indicators in the pre-analytical phase.

2. Quality indicators

Quality indicators (QIs) are fundamental tools enabling users to

quantify the quality of laboratory services: they are objective measures
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that can evaluate all critical domains of the testing cycle, including pre-

analytical procedures and processes [6]. Data should be collected

continuously over time to identify, correct defects improving on perfor-

mance and patient safety by identifying and implementing effective

interventions.

As previously underlined [6], QIs should be part of a coherent and in-

tegrated quality improvement strategy implemented according to the

specifically-developed International Standard for Medical Laboratories

Accreditation (ISO 15189: 2012) [7] which, in addition to requirements

for personnel, environmental and laboratory equipment conditions,

recognizes the need to subdivide the TTP into pre-examination, exami-

nation and post-examination procedures, commonly defined as pre-,

intra-, and post-analytical phases. For each phase, the International

Standard identifies several components in clauses and sub-clauses

without specifying quality indicators and quality specifications [8].

However, QIs and related quality specifications are essential both for

the institution (the laboratory in this case) and the inspectors as objec-

tive criteria of documentation and translation in practice of the

standards; they are the most valuable available evidence of compliance

with all, but particularly themost relevant, requirements for the accred-

itation of a clinical laboratory. Although there is a “considerable chal-

lenge in identifying, defining, and ultimately implementing indicators

that cover the various stages of the total testing process” [9], we propose

QIs that meet three inclusion criteria: 1) the use of a quantitative

measure associatedwith laboratory testing; 2) the coverage of all stages

of the TTP, as required by the current definition of “laboratory error”

(ISO/TS 22367: 2008); and 3) the potential to be related to at least

one IOM (Institute of Medicine) health care domain [9,10].

3. The pre-analytical phase

The ISO 15189:2012 standard for laboratory accreditation defines

the pre-analytical phase as “steps starting in chronological order, from

the clinician's request and including the examination requisition, prep-

aration of the patient, collection of the primary sample, and transporta-

tion to and within the laboratory, and ending when the analytical

examination procedure begins” [7]. This definition clearly recognizes

the need to evaluate, monitor and improve all the procedures and pro-

cesses in the initial phase of the TTP, including the procedures

performed in the so-called “pre-pre-analytical phase”. According to a

previously proposed definition, the pre-pre-analytical phase includes

all initial procedures of the testing process including test request,

patient identification, sample collection, handling and transportation.

These procedures – usually performed neither in the clinical laboratory

nor, at least in part, under the control of laboratory personnel – are eval-

uated and monitored unsatisfactorily, often because the process owner

is unidentified and the responsibility falls in the boundaries between

laboratory and clinical departments. As evidence, currently recom-

mended quality indicators in the pre-analytical phases should be

grouped into two categories. The first should focus on pre-analytical

error related to identification problems, while the second should deal

with sample problems. Both error types are taken into consideration

in several proposals and projects on quality indicators. However,

some further issues affect quality and safety in the pre-analytical

steps. In particular, the appropriateness of the test request and the

completeness of the request forms are now recognized as fundamental

components in providing valuable laboratory services. Moreover, in re-

cent decades, due to increasing pressure to cut costs in healthcare orga-

nizations, we have experienced the increasing consolidation and

centralization of laboratory diagnostics within large facilities, with a

consequent need to transport a large number of specimens fromperiph-

eral collection sites to the core laboratories; this has led to a dramatic in-

crease in the risk of errors in this step, and the urgent need for

appropriate sample transportation conditions and adequate quality

indicators.

4. “Traditional” quality indicators for the pre-analytical phase

As previously mentioned, there are two main categories of pre-

analytical errors that are related to identification and sample problems,

respectively. Table 1 summarizes the main identification problems.

Although the correct identification of patient samples should be

easily perceived by all care operators as an essential issue for safety in

laboratory testing, a large body of evidence demonstrates that the

level of quality in this fundamental step is unsatisfactory. In some longi-

tudinal studies on laboratory specimen misidentification, a rate of 1 in

1000 opportunities was found, the most common categories of

misidentification events being mislabeled (1%), mismatched (6.3%),

and unlabeled specimens (4.6%), respectively [11]. In another study,

the misidentification rate in transfusion medicine was found to occur

in 1 in 2000 of specimens, while it occurred at a much higher rate

(approximately 1 in 100) in clinical laboratory specimens. Sample

misidentification can have significant consequences for patients as it

may result in unnecessary diagnostic procedures, delays in diagnosis

or treatment, and physical harm [12]. This is why the Joint Commission

and the WHO Alliance for patient safety have established that the first

goal for clinical laboratories should be to “improve patient and sample

identification” [13]. In transfusion medicine, technological improve-

ments, better education and training, and changes in policy and proce-

dures have led to a significant reduction in, but not the elimination of,

misidentification errors [14]. In clinical laboratories, problems persist,

and the current misidentification rates will be reduced only if a cultural

change takes place: technological tools can play a major role but this is

not enough.

The second category of pre-analytical errors includes sample

problems, as shown in Table 2 which reports findings made using data

collected in our department from 2009 to 2011.

Hemolysis and samples in inadequate quantity are the primary cause

of errors, while the error rates for inpatients are significantly higher than

that for out-patients These observations are confirmed in a study

reporting an error rate of 74.6% for inpatients and 25.4% for outpatients

[15]. Although this difference may be related to the clinical complexity

of blood drawing procedures in patients admitted to hospitals, a body

of evidence demonstrates that the compliance with standard operating

procedures and guidelines in the wards is unsatisfactory, as underlined

elsewhere [16,17].

In the last few decades, data have been accumulated to identify the

rates of sample errors [18–20], to document the different rates between

inpatients and outpatients and to establish whether error rates are re-

lated to inadequate collection techniques and non-compliance with

existing operational procedure guidelines [21]. Differences in comply-

ing with operational procedures may explain why the sample error

rate is lower for outpatients with care operators in this situation being

under the direct control of the laboratory Director. The introduction of

pre-analytical workstations and tools such as serum indices has been

proven effective in decreasingmost errors due to specimen preparation,

centrifugation, aliquoting, pipetting and sorting [20,22], while no signif-

icant decrease in pre-pre-analytical mistakes (e.g. patient/sample iden-

tification, unsuitable samples due to wrong collection procedures) has

been achieved. With intra-laboratory procedures deemed safer, greater

attention should be paid to extra-laboratory procedures, guidelines for

blood collection, the training and education of health care operators,

Table 1

Main identification problems.

a) Unlabeled samples

b) Mislabeled samples

c) Insufficiently labeled samples

d) Samples suspected of being from the wrong patient, sometimes referred to as

“wrong blood in tube”

e) Irregularities in transfusion labeling requirements (e.g. signature of phlebotomist)
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and the use of serum indices to reduce this type of pre-analytical error.

Quality indicators for the two main categories of pre-analytical errors

have been developed and used in several national and international

programs, and the data collected are available [23–26]. However, in

addition to the identification of commonQIs,mounting evidence under-

lines the importance of a standardized reporting system as an essential

step toward harmonization. This major lesson was imparted when we

discussed and revised the Model of Quality Indicators (MQI) developed

by the International Federation of Clinical Chemistry and Laboratory

Medicine (IFCC) working group on “Laboratory errors and Patient Safe-

ty” (WG-LEPS). The criteria used for splitting the same indicators into

subgroups in order to facilitate data collection and the set of pre-

analytical quality indicators proposed have been described elsewhere

[10,27]. In particular, in addition to “traditional” pre-analytical indica-

tors, mounting evidence underlines the importance of improving upon

both the appropriateness of test requesting and the compilation of re-

quest forms. These issues must be evaluated and monitored by means

of specific QIs.

5. “Innovative” quality indicators for the pre-analytical phase

Theparadigm shift in the delivery of laboratorymedicine to a clinical

service measured by outcomes [28] calls for the provision of advice on

the right test or test profile and timing for that test/test profile. The

consensus achieved on the importance of test advice for maximizing

the appropriateness of test requesting led to the inclusion of a specific

requirement (clause 5.4.2) in the ISO 15189 International Standard for

laboratory accreditation [7]. The emerging need tomanage test demand

to avoid unnecessary expenditure, reduce undue risk for patients and

improve the use of laboratory services is now expressed in the mantra

“the right test in the right patient at the right time” [29]. The success

of the various methods used in the effort to manage demand depends

on the medical context, and the different settings in which these

approaches are employed. While there is as yet no magic bullet, the

steps taken to improve appropriateness in test requesting must always

be evaluated using indicators and long-term monitoring.

Another key issue related to the test request, is the completeness of

the request forms, indispensable for the ultimate quality of laboratory

results, as requested by the ISO 15189 International Standard (clause

5.4.3) [7]. Therefore, even if national, regional and local requirements

should issue a better definition of the specific information required,

QIs should be used to identify, document andmonitor the quality of re-

quest forms, whatever their format (e.g. electronic or paper) and the

manner in which requests are communicated to the laboratory.

Finally, the increasing trend towards the consolidation of laboratory

services with the consequent need to transport numerous specimens

fromperipheral collection sites to core laboratories has led to a dramatic

increase in the risk of errors in this step, and the urgent need for appro-

priate sample transportation conditions [30,31]. Valuable QIs are there-

fore required in order to identify, record and monitor the quality of

Table 2

Sample problems.

Type of sample error Total (%) Outpatients (%) Inpatients (%)

Routine Emergency

Hemolyzed 49.72 4.69 43.69 51.62

Clotted 9.09 1.77 53.10 43.13

Icteric/lipemic 2.01 4.00 96.00 0

Incorrect filling level 7.32 0 42.86 57.14

Incorrect 3.78 8.51 78.72 12.77

Inadequate quantity 24.25 14.75 84.26 0.98

Lost/not received 3.54 9.09 90.91 0

Table 3

Indicators for pre-analytical phase (percentages).

Appropriateness of test request Number of requests with clinical question (outpatients)/total number of requests (outpatients)

Number of appropriate requests with respect to clinical question (outpatients)/total number/number of requests reporting clinical question

(outpatients)

Patient identification Number of requests with errors concerning patient identification/total number of requests

Number of requests with errors concerning patient identification, detected before release of results/total number of requests

Number of requests with errors concerning patient identification, detected after release of results/total number of requests

Number of misidentified patients/total number of patients

Request form Number of unintelligible outpatient requests/total number of outpatient requests

Order entry Number of outpatient requests with erroneous identification of physician in physician's identification/total number of outpatients requests

Number of outpatient requests with errors concerning test input (missing)/total number of outpatient requests

Number of outpatient requests with errors concerning input of tests (added)/total number of outpatient requests

Number of outpatient requests with errors concerning test input (misinterpreted)/total number of outpatient requests

Number of inpatient requests with errors concerning test input (missing)/total number of inpatient requests

Number of inpatient requests with errors concerning input of tests (added)/total number of inpatient requests

Number of inpatient requests with errors concerning test input (misinterpreted)/total number of inpatient requests

Sample identification Number of samples improperly labeled/total number of samples

Sample collection Number of samples collected at inappropriate time/total number of samples

Number of samples collected with inappropriate sample type/total number of samples

Number of samples collected in inappropriate container/total number of samples

Number of samples in insufficient volumes/total number of samples

Sample transportation Number of samples damaged/total number of samples

Number of samples transported at inappropriate time/total number of samples for which transport time is checked

Number of samples transported under inappropriate temperature conditions/total number of samples for which the transport temperature

is checked

Number of samples improperly stored/total number of samples

Number of samples lost or not received/total number of samples

Sample acceptance/rejection Number of contaminated blood cultures/total number of blood cultures

Number of samples with inadequate sample-anticoagulant volume ratio/total number of samples with anticoagulant

Number of samples hemolyzed (hematology)/total number of samples (hematology)

Number of samples hemolyzed (chemistry)/total number of samples (chemistry)

Number of samples clotted (hematology)/total number of samples with anticoagulant (hematology)

Number of samples clotted (chemistry)/total number of samples with anticoagulant (chemistry)

Number of samples clotted (immunology)/total number of samples with anticoagulant (immunology)

Number of samples hemolyzed (immunology)/total number of samples (immunology)

Number of lipemic samples/total number of samples

Number of samples unacceptable (microbiology)/total number of samples (microbiology)
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biological specimens. Table 3 lists the QIs proposed for the pre-

analytical phase.

6. From quality indicators to error detection

As stated elsewhere [32,33], the appropriate utilization of QIs for

identifying and reducing the error rates in the TTP can be achieved

through a sound awareness of each QI aim, the effective involvement

of care operators (both within and outside the laboratory), and stan-

dardized systems for data collection and reporting.

Staff made aware of the reasons for which the individual QI has been

selected canmake a critical analysis of the process under review, under-

stand the different aspects of problems and justify any need for addi-

tional time and resources. The description of the QI rationale clarifies

themeaning of data collected and the actions to be taken to avoid future

errors and nonconformities. The entire staff must be involved in this

activity because the individual who operates in a specific process can

better identify its critical activities, identify and record all errors, decide

upon any adequate corrective actions required, and implement the

“barriers” to obviate any recurrence of the error identified. Collection

of data by a single operator for all laboratory activities incurs the risk

of underestimating the true error rates. As the focus should be on the

entire system, a designated professional verifies the congruity of data

from different operative sections, validates the preventive and correc-

tive actions, defines the intervention priorities, proposes times for

data collection, and, on the basis of the results obtained, specifies both

new QIs that are required and outmoded QIs that should be scrapped.

These aspects are particularly important when the workflow involves

facilities and staff outside the laboratory. Although the detection of sam-

ple problems usually occurs inside the laboratory, this process can also

pinpoint incorrect procedures performed outside the laboratory; the

operators working outside the laboratory must be aware of the proce-

dures carried out in the laboratory if this type of error is to be detected.

If the staff understand and manage QIs effectively, the efficacy of these

tools will be enhanced and the staff will be aware of the importance of

undertaking corrective and preventive actions. The error rate will be re-

duced if the staff inside and outside the laboratory share the same goals

and communicate with each other. Future efforts must focus on

promoting the quality culture that has grown inside the laboratory

and on involving all staffmembers in themanagement of QIs that them-

selves are efficient tools in promoting the very same process. Although

these criteria are valid for all QIs, their application is particularly impor-

tant for QIs concerning the pre-pre-analytical phase [34].

Standardized data collection is also crucial to enhancing the effec-

tiveness of QIs. A well-structured system for data collection assures

the “repeatability” of the results reporting, the comparability of data

over time and a standard evaluation of any preventive and/or corrective

actions implemented. In huge departments that include different and,

often, distant locations in which the TTP is carried out, all operators

must follow the same criteria and procedures for data collection and

pursue the quality objectives pursuing the same goals. The laboratory

information system can, in a standardized way, aid data collection by

using different operators that employ the same procedure at different

times. The system implemented to manage the QIs can be validated

through the participation in an external comparison program, such as

the “Model of Quality Indicators” project proposed by the WG-LEPS,

which allows operators to evaluate the efficacy of an internal system

and evidence possible areas in which improvement is needed [32,33].

7. A road map for harmonization

QIs, in particular those for the pre-analytical phase, can be consid-

ered a fundamental step in the journey toward quality and patient safe-

ty. Currently, the road is riddledwith bumps and bends that can only be

straightened out through awareness that QIs are an effective improve-

ment tool. However, although the identification of valuable QIs is an

essential step, other issues should be taken into consideration to assure

a harmonized approach to the appropriate utilization of QIs.

First and foremost, the standardization of the system for data collec-

tion and reporting plays a key role in assuring the comparability of data

collected by different laboratories in all countries. This aspect prompted

us to split someQIs into different groups in order to facilitate the under-

standing and collection of data [10].

Secondly, most QIs cannot be managed without the collaboration

and active cooperation of different care operators both within and out-

side the laboratory. For example, the appropriateness of test requesting

aswell as the quality of collected samples can be improved only through

the active involvement of requesting physicians, phlebotomists and

nurses. Laboratory professionals and other stakeholders should never

lose sight of the meaning and value to patients of QIs developed for

identifying and reducing errors for procedures and processes at the in-

terface between the clinic and the laboratory. Only by sharing aware-

ness of the value of QIs to patients will laboratory professionals

manage to secure the active involvement of other care operators in

programs aiming to collect and monitor data on the QIs themselves.

The development and release of practice guidelines for appropriate

test requesting and blood collection at an international and national

level should facilitate compliance and quality improvement.

Thirdly, another fundamental issue is the automated collection of

data on QIs, a current project of the IFCC WG-LEPS. The three pillars

for harmonizing QIs in laboratory medicine are therefore: 1) identi-

fication of valuable QIs covering all steps of the TTP, 2) standardiza-

tion of the system for data collection and reporting, and 3) active

involvement of all stakeholders and care operators both within and

outside the laboratory in the rational use of QIs to reduce error and

the risk of error.

8. Conclusions

Several lines of evidence attest to the fact that the more frequent

errors and non-conformities encountered in the TTP occur in the pre-

analytical phase. Developments in automation and information technol-

ogies have played amajor role in decreasing some pre-analytical errors.

In particular, the automation of repetitive, error-prone and bio-

hazardous pre-analytical processes performed within the laboratory

has effectively decreased errors in specimen preparation, centrifuga-

tion, aliquot preparation, pipetting and sorting. However, greater efforts

should bemade to improve upon the appropriateness of test requesting,

patient and sample identification procedures and other pre-analytical

steps performed outside the laboratory. The development of QIs in lab-

oratory medicine is a fundamental step in providing sound evidence of

quality in all procedures and processes of the TTP in pursuing accredi-

tation programs, and in ensuring that continuous improvement

activities are undertaken to reduce the risk of errors in clinical prac-

tice [35]. Valid QIs are therefore crucial in identifying, monitoring

and decreasing errors and non-conformities in the pre-analytical

phase and guaranteeing the ultimate quality and safety of laboratory

information.
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