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Aim. This paper describes a literature review of studies on the effect of the preanalytical phase on 
the quality of laboratory results, and consequently on the quality of nursing. The aim was to de-
scribe quality errors in the preanalytical phase of blood sampling, in order to increase nurses’ 
awareness of preanalytical errors and to facilitate improvements in nursing practice associated with 
blood sampling.  
Background. The quality of the preanalytical phase plays a vital role in obtaining reliable test re-
sults, thus promoting patients’ health, diagnostics and facilitating analysis of the effectiveness of the 
treatment. Data sources. Medline and CINAHL.  
Review methods. A narrative literature research was carried out (1990-2010). The inclusion criteria 
were: 1) an original study or review; and 2) studies involving blood sampling. The selected papers 
were screened and irrelevant studies were excluded. By examining the references cited in the se-
lected papers an additional five relevant studies were identified.  
Results. Twenty four papers met the inclusion criteria and fell into three categories. The preana-
lytical errors associated with blood sampling were related to: 1) preparing patients for the tests; 2) 
collecting samples; and 3) the effects of handling, storage and transportation of blood samples. All 
these three factors can influence the quality of laboratory results.  
Conclusion. The information provided by this study review may be used to improve and evaluate 
the quality of blood sampling praxis. Nurses should be aware of the preanalytical errors on blood 
sampling and their influence on laboratory results on account of patient safety. Also 
multi-professional co-operation with laboratory personnel in sampling could decrease failures in 
preanalytical phase. 
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Introduction 

Laboratory results play a key role in patient care. It 
is estimated that around two thirds of important clinical 
decisions about admissions, discharge and medication 
are based on laboratory test results (1). Consequently, 
laboratory testing is also an important source of medical 
errors that can affect patient safety (2-4). Laboratory 
testing is a highly complex process, which is usually 

divided into three phases: preanalytical, analytical and 
postanalytical (Figure 1). The preanalytical phase occurs 
outside the laboratory (beyond its control), consisting of 
the selection of appropriate tests on the basis of the 
clinical question, ordering, collection and handling, 
transportation and preparation of samples to make them 
suitable for analysis (2). The process always starts and 
ends with the patient. The preanalytical phase can be 
classified on the basis of patient-associated, speci-
men-associated and sample-associated factors (5), or 
divided into periods (6) before, during and after collection. 
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Fig.1  Laboratory testing process in relation to 
patient 
 
Traditionally the focus has been on evaluating the 

reliability of laboratory results based on the analytical 
phase. Less attention has been paid to the preanalytical 
phase and its potential influence has been underesti-
mated. However most of the mistakes are human errors 
occurring before the samples reach the laboratory, i.e. in 
the preanalytical phase (7-14). These errors are related to 
manual activities during this phase. From the patient’s 
perspective, the point in the testing process at which the 
errors occur or who is responsible for them is irrelevant. 
Patients have a right to receive reliable results. Tests 
involving spurious information must be repeated, pro-
ducing unnecessary costs to the healthcare system. This 
may cause delays in the patients’ treatment and may also 
affect therapeutic decisions (12,14, 15-17). 

Previous authors have reported that the preanalytical 
phase of the testing process has an important effect on 
the reliability of patients’ laboratory results and conse-
quently, on the quality of patient care and on patient 
safety (1,11,18-21). Thus, recognition of these factors is 
a challenge to nurses and to the quality of nursing care. 
Nurses play an important role in taking and handling 
blood samples and in providing patients with accurate 
information prior to the tests. Healthcare professionals 
should, therefore, be fully aware of the effects on test 
results of individual preanalytical factors and their com-
binations. 

A wide range of medical and biomedical scientific 
research has identified and illustrated the effects of pre-
analytical errors on patients’ laboratory results and pa-
tient safety (8- 12, 14, 17, 21) but there has been hardly 
any research conducted from the nursing perspective. 
The language and concepts used in medical and bio-

medical research may not be suitable for the nursing 
context. In this literature review we try to translate such 
“laboratory” knowledge into the clinical setting and we 
focus on the meaning of the preanalytical phase of the 
laboratory process in blood sampling. This is a funda-
mental aspect of practical care, the improvement of 
which would increase the reliability of laboratory results 
and thus enhance patient care.  In this research we chose 
to focus on blood samples because they are the most 
common type of specimen sampled in clinical practice.  

The aim of this review was to describe preanalytical 
quality errors that occur during blood sampling; we fo-
cus on venous blood sampling. We hope that, as a result 
of this study, nurses will be able to apply the knowledge 
gained to the preanalytical phase and improve the quality 
of blood samples collected. The updated information 
provided in this review could be used to improve and 
evaluate the quality of blood sampling practices. 

Methods 

A narrative literature review was chosen as a means 
of using existing data to investigate the topic of interest. 
An integrative design was used to be broad enough to 
include, simultaneously, primary sources utilising dif-
ferent methodologies, existing review information and 
theoretical commentaries. This allowed us to extract 
evidence-based knowledge about the effects of preana-
lytical factors on the laboratory results obtained from 
blood samples.   

Search methods  A narrative research review was 
carried out in order to summarize, explain and interpret 
evidence, both qualitative and quantitative (22).  Ex-
ploratory engagement with existing literature enabled the 
reviewers to identify subjects to exclude, allowing us to 
focus on examining the relevant literature.  

Search strategy and selection criteria  A litera-
ture search was carried out using the Medline and 
CINAHL databases. The Medline database was searched 
to find articles written from the medical perspective in 
order to gain a biomedical view of preanalytical factors. 
The Cinahl database was used to find papers written 
from the nursing perspective. This approach was in-
tended to provide a diverse view of the subject. Papers 
included were published in the period 1990 to 2010, 
written in English and examined preanalytical errors. 
The earliest studies concerning preanalytical factors 
were published in the 1990s.  

'Pre-analytical', ‘preanalytical’ and 'laboratory test' 
or 'laboratory investigation' were used as key search 
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phrases. This initial search yielded 43 studies. The inclu-
sion criteria were: 1) an original study or review; and 2) 
studies involving blood sampling. Abstracts were exam-
ined and papers relating to sample material other than 
blood were excluded. The selected papers were screened 
and irrelevant studies were excluded. Full-text copies of 
the remaining studies were obtained. This process al-
lowed us to identify nine relevant papers. By examining 

the references cited in the selected papers an additional 
five relevant studies were identified. 

Literature search outcome In total, 24 studies 
were identified and examined (Table 1). Two researchers 
carried out the initial research and the initial assessments 
of the papers. This allowed us to confirm the reliability 
of assessment and discuss the papers until a consensus 
was reached. 

 
 

Table 1.  The studies included in review (n=24) 
References and their titles Type of study Preanalytical quality failures 

Gräsbeck R (36) The evolution of the reference value 
concept 

Review Prolonged tourniquet use 

Gama R, Teale J, Marks V (37) Clinical and laboratory 
investigation of adult spontaneous hypoglycaemia 

Theoretical Wrong specimen type 

Suryaatmadja M (29) Specimen collection and handling Review Collection from infused arm 
Wrong cleaning solution 
Puncture site not dry 
Prolonged tourniquet use 
Wrong anticoagulant in collecting tube 
Haemolysis 
Tube underfilled 
Wrong sequence in sampling  

Capel P, Chatelain B, Leclerq R, Lust A, Masure R, 
Arnout J (28) Quality control in haemostasis 

Theoretical Wrong sequence during sampling 
Prolonged tourniquet use 
Size of needle 
Sampling through catheters in haemostasis 
tests 
Wrong collecting tube 
Wrong anticoagulant in collecting tube 

Chaigneau C, Cabioch T, Beaumont K, Betsou F (5) Se-
rum biobank certification and the establishment of qual-
ity controls for biological fluids: examples of serum bio-
marker stability after temperature variation 

Experimental Site of collection 
Rate of collection 
Prolonged tourniquet use 
Type of collection 
Tube additive 
Transport 
Haemolysis 
Blood cells 

Wagar EA, Tamashiro L, Yasin B, Hilborne L, Bruckner 
DA (30) Patient Safety in the Clinical Laboratory: A 
Longitudinal Analysis of Specimen Identification Errors  

Experimental Mislabelled 
specimens 
Unlabelled specimens 
Clotted samples 
Container leaking 
Contaminated samples 
Haemolysis 
Improper collection 
Improper handling 
Specimen not 
suitable for test 
Quantity not 
sufficient 
Tube overfilled 
Tube underfilled 
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Lippi G, Blanckaert N, Bonini P, Green S, Kitchen S, 
Palicka V et al. (12) Causes, consequences, detection, 
and prevention of identification errors in laboratory di-
agnostics 

Review Misidentification in 
laboratory 
diagnostics: 
Physician ordering 
laboratory tests on 
the wrong patient, 
incorrect or 
incomplete entry of 
patient's data in the 
information system, 
collection of 
specimens from the 
wrong patient, 
inappropriate 
labelling of the 
specimens 

Lippi G, Montagnama M, Giovanni D (20) National sur-
vey on the pre-analytical variability in a representative 
cohort of Italian laboratories 

Survey Specimen not suitable for tests 
Lack of reference guidelines 
Conditions for specimen storage 
Sample transportation 

 Lippi G (17) Governance of pre-analytical variability: 
Travelling the right path to the bright side of the moon 

Review Inaccurate procedures 
Collection of 
specimens from 
wrong patient 
Inappropriate 
labelling of the 
specimens 
Variation in tube filling 

Rattan A, Lippi G (38) Frequency and type of preana-
lytical error in a laboratory medicine department in India 

Review Incorrect specimen 
received 
Haemolysed samples 
Specimens not 
received 
Inappropriate storage 
conditions 
Discrepancy between 
test code and test 
request 
Clinical history not 
received 
Identification errors 
Insufficient sample 
Test prescription net 
received 
Specimen lipemic 
Whole blood 
specimen clotted 

 Roberts G (24) Pre-analytical Variables Affecting labo-
ratory test Results 

Theoretical Describes the meaning of 
Uncontrollable and manageable variables 
Patient and sample identification 
Transportation and processing 

Stroobants A, Goldschmidt H, Plebani M (25) Error 
budget calculations in laboratory medicine: linking the 
concepts of biological variation and allowable medical 
errors 

Theoretical  
 

Error frequencies specified in pre-pre-ana-
lytical and pre-analytical phase were 12.0% 
and 5.0% in the laboratory process 
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Bowen R, Hortin G, Csako G, Otanez O, Remaley O (31) 
Impact of blood collection devices on clinical chemistry 
assays  

Review Discuss how blood collection devices such 
as needel, syringes, and catheters, collection 
tube components can alter laboratory results 

Da Rin G (2) Pre-analytical workstations: A tool for re-
ducing laboratory errors 

Review Inappropriate test request 
Misidentification of patient 
Inappropriate container 
Mislabelled specimens 
Specimen not suitable for test 
Variation in tube filling 
Improper storage period and conditions 

Wiwanitkit V, Lekngarm P (39) Requisition Errors for 
Blood Glucose Tests: A Hospital-Based Study 

Review Overlapping tests 

Plebani M (4) Exploring the iceberg of errors in labora-
tory medicine 

Review Describes testing process errors in primary 
care and in an emergency department 

Shahangian S, Krola J, Gaunt E, Cohn R (26) A System 
to Monitor a Portion of the Total Testing Process in 
Medical Clinics and Laboratories. Feasibility of 
Split-Specimen Design 

Experimental Assesses the feasibility of using 
split-specimen design to assess integrity of a 
portion of the total testing process in medi-
cal clinics and laboratories 

Piva E, Plebani M (3) Interpretative reports and critical 
values 

Review Describes how to prevent interpretation 
errors and improve patient safety   

O’ Kane M (40) The reporting, classification and grading 
of quality failures in the medical laboratory 

Theoretical Reports, classifies and grade quality failures 
in laboratory polices and procedures 

Nauck M, Nauck M, Koetting J (32) A Recapping System 
for Automatic, Semiautomatic, and Manual Use 

Review Samples are covered insufficiently when 
storing 

Steindel S, Jones B (33) Routine Outpatient Laboratory 
Test Turnaround Times and Practice Patterns 

Review Delays in collection and transport stages 

Favaloro E, Soltani S, McDonald J, Grezchnik E, Easton 
L (27) Laboratory Identification of Familial Thrombo-
philia: Do the Pitfalls Exceed the Benefits? A Reassess-
ment of ABO-Blood Group, Gender, Age, and other 
Laboratory Parameters on the Potential Influence on a 
Diagnosis of Protein C, Protein S, and Antithrombin De-
ficiency and the Potential High Risk of a False Positive 
Diagnosisn 

Review Describes some pre-analytical variables 
effect on thrombofilian testing.  
Request wrong time 
Wrong person 

Tripodi A, Breukink-Engbers W, Besselaar A and M (41) 
Oral Anticoagulant Monitoring by Laboratory or 
Near-Patient Testing: What a Clinician Should Be Aware 
Of 

Review Describes preanalytical conditions and ana-
lytical variability in relation to INR 
Blood collection tubes 
Temperature and storage time 

Roshan T, Rosline H, Rapiaah M, Zaidah A, KhattakM 
(42) Hematological reference values of healthy Malay-
sian population  

Theoretical Patient preparation 
Blood sampling and processing 

 
Quality appraisal This literature review has some 

limitations. It is impossible to study all possible preana-
lytical factors and their combinations using such an ap-
proach and the database searches yielded a fairly small 
number of papers. Despite this, applicability in terms of 
the study design and sample selection addressed the aim 
of study and fulfilled the aim of providing a broader un-
derstanding of preanalytical factors and their effect on 
the quality of patients’ laboratory results. The results can 
be considered reliable when taking into account the pa-
pers accepted for examination in this study; all papers 

included described the samples and methods according to 
scientific criteria. A critical assessment of the literature 
was made. Selected studies provided information about 
the effects of preanalytical factors on the quality of labo-
ratory results (23). The data analysis methods were suit-
able for describing the preanalytical errors, thereby add-
ing to the reliability of the study. Another limitation 
concerns classification of the data. The boundaries of 
categories should not be considered seen as exclusive, 
because the blood sampling process does not always 
progress logically. 
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Data abstraction and synthesis After initial review 
of the papers, the data were abstracted using a table to 
summarize the study aims, study design, sample size, 
methods of assessments and key findings.  Table 1 is 
evidence table detailing the empirical papers reviewed.  

 To synthesize the data, papers were organized into 
three major categories, based on content. The contents of 
the selected studies were grouped into three categories 
according to the steps within the preanalytical phases 

(Table 2). Papers in Group 1 relate to preparing patients 
for the blood tests and the significance for the quality of 
patients’ laboratory results (before collection). Papers in 
Group 2 relate to handling and collecting blood samples 
and their effect on the quality of patients’ laboratory re-
sults (during collection). Papers in Group 3 relate to the 
storage and transportation of blood samples and their 
effect on the quality of patients’ laboratory results (after 
collection).  

 
Table 2 Preanalytical errors in blood sampling 

Before Collection Reference 
Inappropriate test request Winwanitkit & Lekngarm (2007), Da Rin (2009),  
Improper time of collection Tripod et al. (2003),Lippi et al. (2006),   
Overlapping tests Winwanitkit & Lekngarm (2007),  
Order entry errors Da Rin (2009), Lippi et al. (2009) , Plebani (2009), 
Misidentification of patient Roberts (1997), Shahangian et al. (1998), Da Rin (2009), Plebani (2009), Lippi 

(2009),  Lippi et al. (2009), Rattan & Lippi (2008), Stroobants et al. (2003), Falvaloro 
et al. (2005), 

Inadequate procedures Capel et al. (1992), Suryaatmadja (1999), Lippi et al. (2006), Roshan et al. (2009), Piva 
(2009), Lippi (2009), Lippi et al. (2009),  

Patient preparation  Roberts (1997), Shahangian et al. (1998),  Stroobants et al. (2003), Tripodi et al
(2003),  Lippi et al (2006), Roshan et al. (2009),  

Wrong sampling equipment Capel et al. (1992),  Roshan et al. (2009) 
During Collection  

Duration of tourniquet use Capel  et al. (1992), Suryaatmadja (1999), Gräsbeck (2004), Chaigneau et al. (2007), 
Inappropriate container Capel et al. (1992),  Suryaatmadja (1999),    Stroobants et al (2003)  Da Rin 

(2009), Chaigneau et al. (2007), Plebani (2009), Lippi (2009) , Lippi et al. (2009),   
Mislabelled specimens Wagar et al. (2006), Da Rin (2009), Lippi et al. (2009), O’Kane (2009), 
Specimen not suitable for test  Roberts (1997), Gama et al. (2003), Stroobands et al. (2003), Lippi et al (2006), Wagar 

et al. (2006),   Da Rin (2009), Lippi et al. (2009), Bowen et al. (2010),  
Variation in tube filling Suryaatmadja (1999), Stroobands et al. (2003), Wagar (2006), Rattan & Lippi (2008), 

Da Rin (2009), Plebani (2009),  Lippi (2009),  Lippi et al. (2009), Bowen et al
(2010),  

Clotted sample Wagar et al. (2006), Rattan & Lippi (2008) Lippi et al. (2009),  
Haemolysis Shahangian et al. (1998), Suryaatmadja (1999)   Wagar et al. (2006),  Chaigneau et 

al. (2007),   Rattan & Lippi (2008),  
After Collection  

Improper storage period and conditions Lippi et al. (2006), Rattan & Lippi (2008), Da Rin (2009), Bowen et al. (2010),  
Delays in processing samples Roberts (1997), Shahangian et al. (1998), Steindal & Jones (2002),  Stroobands et al.

(2003), Lippi et al. (2006), Nauck et al. (2008), Da Rin (2009),  
 

Results 

Before collection 

This domain focuses on test requests and patient 
identification. The studies exploring the procedures 
available for blood sampling revealed that they were 

inadequate, even though they constitute the core element 
of standardised sampling (2,5,17, 24-25). These studies 
show that this may be serious problem from the point of 
view of nurses as members of multi-professional teams. 
Failure to use reliable guidelines is a problem for the 
standardisation of this critical part of the testing process 
(20).  When advising patients how to prepare for tests it 
is essential that nurses know when samples should be 
taken, the timing of the last meal, the time after taking 
any drugs and how long the patient has to remain seated 
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before taking the sample (5). 
Several reviews (1, 2, 12,17, 24-27) revealed that 

patient misidentification in the preanalytical phase is a 
serious error that can be associated with high risk to the 
real patient. Blood transfusion is a particular area of risk 
in this case (12). Accuracy of patient identification is the 
most important goal in improving patient safety (1, 3). 
Da Rin (2) addressed patient misidentification by the use 
of either non-technical methods (patient safety guidelines 
and procedures) or a technical solution (identification 
wristbands). A non-technical solution means that medical 
staff must follow procedures to reduce risks and ensure 
that samples are obtained from the correct patient. Fo-
cusing on the sources of errors that could translate into 
harm and adverse events for the patient would encourage 
nursing staff to adopt a patient-centred view. 

During Collection  

In this domain the focus is on drawing blood from 
the patient; this is the source of many possible errors. 
The use of a tourniquet makes it easier to locate veins, 
but any prolonged use alters laboratory results. Some 
studies reported that samples were collected in inappro-
priate containers (1-2, 5, 12, 17, 25, 28-29), preventing 
their analysis and causing harm to patients as a result of 
the need for re-collection. There were also problems as-
sociated with filling test tubes, both overfilling and un-
derfilling (2, 4, 12, 17, 25, 29-31), leading to unreliable 
laboratory results. Haemolysis (destruction of red blood 
cells) often takes place when blood collection is not 
conducted correctly (e.g. when the needle is not properly 
inserted in a vein). Unfortunately, haemolysis, which 
prevents many laboratory tests, was commonly reported 
(5, 29-30, 32). In addition, mislabelled and unlabelled 
samples were common errors in the preanalytical phase 
(1, 3, 5, 29-30). 

After Collection 

This domain focuses on sample preparation aimed at 
rendering a sample suitable for analysis. 

The studies showed that handling and storage of 
samples outside the laboratory both have an impact on 
the quality of blood samples (24- 25, 20, 31). Clotted 
samples were reported (12, 30); this is in fact a signifi-
cant problem in practice. If blood samples are not mixed 
properly but gently after collection there may be clotting. 
Clotted samples are not suitable for analysis. Haemolysis 

can also occur after collection if the samples are handled 
roughly.  After collection the samples should be trans-
ported as quickly as possible to the laboratory. The ef-
fects of evaporation are routinely underestimated, and 
can be avoided by sealing the tubes. Nauck et al. (32) 
showed that evaporation can significantly change analyte 
concentrations; the evaporation effects should be less 
than 3% after one day at room temperature and less than 
5% after one week of storage. 

Inappropriate storage conditions can cause errors in 
laboratory results (3). Delays in processing (4, 20, 24-25, 
30, 26, 32) can also adversely affect laboratory results 
and thereby patients’ care.  Steindel & Jones (33) noted 
that transport time for samples collected from outpatients 
increases during the day and is more variable than that 
for samples from inpatients. This makes it more difficult 
to control sample quality for the former group. 

Discussion 

This literature review represents an attempt to de-
scribe the preanalytical quality failures in blood sampling 
and to present information about blood sample collec-
tion. As a result of this research it should be possible to 
improve and evaluate blood sampling praxis. This study 
presents a new way to understand the steps associated 
with blood sampling and the need, during the process, to 
involve patients and other professionals. Traditionally in 
laboratory medicine the focus has been on the analysis 
phase when laboratory results are produced; less atten-
tion has been paid to the preanalytical phase (17) and its 
importance has been underestimated. This literature 
study revealed that the preanalytical phase has a consid-
erable effect on the reliability of laboratory results and 
on patients’ safety. Focus on patient safety calls for in-
creased attention to this issue and highlights the need to 
develop a new mode of action to avoid errors in blood 
sampling.  

According to previous studies (5,18,19,34,35) it was 
already known that patient-related factors, such as pos-
ture, heavy physical exercise, physical stress, psycho-
logical stress, fasting and timing of sampling can have an 
effect on subsequent laboratory tests. In general this is-
sue has been considered from the medical point of view 
(17), but unfortunately there has been hardly any discus-
sion from the nursing perspective. Any discussion of 
quality failures associated with blood sampling should be 
conducted in the context of multiprofessional and mul-
tidisciplinary practice. Healthcare professionals play an 
essential role in blood sample collection and in advising 
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the patients on how to prepare for this. Awareness of 
quality failures in the blood sampling process and coop-
eration with personnel outside the laboratory are key 
factors for improving the quality of clinical laboratory 
procedures and producing reliable results, thus enhancing 
patient safety. 

In this literature review the most common preana-
lytical quality errors were identified: they were associ-
ated with blood sampling outside laboratories.  The 
errors occurred during three phases: before, during and 
after blood sample collection. The results indicate that 
the most serious errors before blood sample collection 
were patient misidentification and inappropriate advice 
to patients.  It is essential to ensure that blood samples 
are collected from the right patients. Blood samples 
should never be taken before the identity of the patient is 
confirmed. It is important to follow established guide-
lines for sample collection in all circumstances, includ-
ing on the wards. Following these guidelines ensures the 
standardisation of blood collection. During collection the 
main errors were technical in nature, for example using a 
tourniquet for too long. It is essential that nurses know 
and understand how to use different equipment and ma-
terials and appreciate why standardised handling will 
ensure the quality of the blood sample. Finally, after 
blood sample collection transportation and storage of 
samples are critical in the preanalytical phase. It is essen-
tial that samples are stored at the correct temperature and 
treated gently in order to eliminate the possibility of 
haemolysis.  Our findings about the sources of error 
during the preanalytical phase are confirmed by several 
studies, e.g. Szecsi & Ødum (13) and Carraro & Plebani 
(15).  Standardised blood collection is a prerequisite for 
being able to compare the patients’ results both with ref-
erence values and with their own earlier and subsequent 
results.  

This study provides information based on clinical 
studies that can be used at the most fundamental level of 
practical care work. By applying this knowledge, pre-
analytical variation in blood collection could be reduced 
and patient safety increased. The application of updated 
knowledge of preanalytical factors when taking blood 
samples is recommended when professionals are advis-
ing patients to prepare for laboratory tests or when they 
are going to take blood samples themselves. To prevent 
errors it is necessary to see blood sampling as a compe-
tence to be attained not just a technical trick. The process 
begins and ends with the patient, so patients are also part 
of that team. If the team fails it is the patients who suffer 
most. 

The value of this study is that it combines results 

and, thus, draws attention to the blood sampling under-
taken by nurses and the possible consequences of their 
specific actions. The results of many studies have been 
integrated to provide a broader understanding of the 
phenomenon. This literature review brings together the 
combined knowledge and skills of a number of research-
ers. 

The results of this literature review should not be 
extrapolated, but it can serve as a contribution to im-
proving blood sampling as a part of patient safety in 
nursing care, an area that is not widely acknowledged in 
nursing. The different approaches and methods described 
in the articles provided a broad picture of factors affect-
ing blood sampling. It, thus, enhances our understanding 
of the preanalytical factors operating during blood sam-
pling and the results should be used to improve the qual-
ity of sampling and to increase patient safety.  In this 
study, we used text from the selected articles as the re-
search material. The authors have attempted to be as 
honest and careful as possible when describing the texts 
so as to interpret them correctly.  

This study should prove useful in practice. Patient 
safety and blood sampling quality improvement in prac-
tice only begins if professionals are aware of the various 
factors that have effect on blood collection and how 
these relate to good nursing care. Further research is re-
quired to investigate whether healthcare professionals 
follow the standardised sampling procedure and how 
they understand its importance with respect to the quality 
of the samples and patient safety. 

Conclusion 

This evidence-based study describes the preanalyti-
cal errors that can have a crucial effect on reliable labo-
ratory results and thus on patient safety. All those who 
collect blood samples should be informed of these fac-
tors, so that they can avoid them. If patient safety is to be 
improved, integration between laboratory services and 
healthcare is needed. New fields of research are required, 
such as monitoring regular staff training and the attitudes 
of nurses’ attitudes; in addition nurses should discuss 
quality errors in blood sampling and take responsibility 
for them. Nurse education provides a basic knowledge of 
blood sampling; this should be extended in the curricu-
lum and in-service training, and certification of blood 
sampling should be considered. Multi-professional 
co-operation with respect to sampling, involving labora-
tory personnel, could reduce the number of errors in the 
preanalytical phase. Research is also needed into how 
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nurses follow standardised procedures for taking samples 
and how well they understand their importance for the 
quality of samples and patient safety. 

References 

1. Plebani M. Errors in clinical laboratories or errors in 
laboratory medicine? Clin Chem Lab Med 2006; 44: 
750-9. 

2. Da Rin G. Pre-analytical workstations: A tool for reducing 
laboratory errors. Clin Chim Acta 2009; 404: 68-74. 

3. Piva E, Plebani M. Interpretative reports and critical 
values. Clin Chim Acta 2009; 404: 52-8. 

4. Plebani M. Exploring the iceberg of errors in laboratory 
medicine. Clin Chim Acta 2009; 404: 16-23. 

5. Chaigneau C, Cabioch T, Beaumont K, Betsou F. Serum 
biobank certification and the establishment of quality 
controls for biological fluids: examples of serum bio-
marker stability after temperature variation. Clin Chem 
Lab Med 2007; 45: 1390-5. 

6. Ernst DJ. Preanalytical errors. Applied phlebotomy. 
Philadelphia: Lippincott Williams & Wilkins, 2005. 

7. Guder WG, Narayanan S, Wisser H, Zawta B. Samples: 
from the patient to the laboratory. Weinheim: Wiley-VCH, 
2003. 

8. Garza D, Becan-McBride K. Phlebotomy handbook 
blood collection essentials, 7th ed. New Jersey: Pearson 
PrenticeHall, 2005. 

9. Lippi G, Salvagno G, Brocco G, Guid G. Preanalytical 
variability in laboratory testing: influence of the blood 
drawing technique. Clin Chem Lab Med 2005; 43: 
319-25.  

10. Boone DJ. How can we make laboratory testing safer? 
Clin Chem Lab Med 2007; 45: 708-11. 

11. Wallin O, Söderberg J, Guelpen B, Grankvist K. Pa-
tient-centred care-preanalytical factors demand atten-
tion: a questionnaire study of venous blood sampling and 
specimen handling. Scand J Clin Lab Invest 2007; 67: 
836-47. 

12. Lippi G, Blanckaert N, Bonini P, Green S, Kitchen S, 
Palicka V, Vassault AJ, Plebani M. Causes, conse-
quences, detection, and prevention of identification er-
rors in laboratory diagnostics. Clin Chem Lab Med 2009; 
47: 143-53. 

13. Szecsi P, Ødum L. Error tracking in a clinical biochemis-
try laboratory. Clin Chem Lab Med 2009; 47: 1253-7. 

14. Söderberg J, Brulin C, Granqvist K, Wallin O. Preana-
lytical errors in primary healthcare: a questionnaire study 
of information search procedures, test request man-
agement and test tube labelling. Clin Chem Lab Med 
2009; 47: 195-201. 

15. Carraro P, Plebani M. Errors in a stat laboratory: types 
and frequencies 10 years later. Clin  Chem 2007; 53: 
1338-42. 

16. Laposata M, Dighe A. “Pre-pre” and “post-post” analyti-

cal error: high-incidence patient safety hazards involving 
the clinical laboratory. Clin Chem Lab Med 2007; 45: 
712-9. 

17. Lippi G. Governance of pre-analytical variability: Travel-
ling the right path to the bright side of the moon. Clin 
Chim Acta 2009; 404: 32-6. 

18. Young D. Conveying the importance of the preanalytical 
phase. Clin Chem Lab Med 2003; 41: 884-7. 

19. Leppänen E. Experimental basis for standardisation of 
blood specimen collection.  Helsinki University Faculty 
of Medicine, 2004. 

20. Lippi G, Montagnana M, Giavarina D. National survey on 
the pre-analytical variability in a representative cohort of 
Italian laboratories. Clin Chem Lab Med 2006; 44: 
1491-4.  

21. Hilborne LH, Lubin IM, Scheuner  MT. The beginning of 
the second decade of the era of patient safiety: Implica-
tions and roles for the clinical laboratory and laboratory 
professionals. Clin Chim Acta 2009; 404: 24-7. 

22. Mays N, Pope C, Popay J. Systematically reviewing 
qualitative and quantitative evidence to inform man-
agement and policymaking in the health field. J Health 
Serv Res Policy 2005; 10 (Suppl 1): 6-20. 

23. Khan K, Kunz R, Kleijnen J, Antes G. Five steps to con-
ducting a systematic review. J R Soc Med 2003; 96: 
118-21. 

24. Roberts G. Pre-analytical variables affecting laboratory 
test results. Continuing Education Supplement, 1997: 
31-8. 

25. Stroobants A, Goldschmidt H, Plebani M. Error budget 
calculations in laboratory medicine: linking the concepts 
of biological variation and allowable medical errors. Clin 
Chim Acta 2003; 333: 169-76.   

26. Shahangian S, Krola J, Gaunt E, Cohn R. A system to 
monitor a portion of the total testing process in medical 
clinics and laboratories: feasibility of a split-specimen 
design. Arch Pathol Lab Med 1998; 122: 503-11. 

27. Favaloro E, Soltani S, McDonald J, Grezchnik E, Easton 
L. Laboratory identification of familial thrombophilia: Do 
the pitfalls exceed the benefits? A reassessment of 
ABO-blood group, gender, age, and other laboratory 
parameters on the potential influence on a diagnosis of 
protein C, protein S, and antithrombin deficiency and the 
potential high risk of a false positive diagnosis. In: 
Laboratory Hematology. Carden Jennings Publishing 
Co., Ltd. 2005; 11: 174-84. 

28. Capel P, Chatelain B, Leclerq R, Lust A, Masure R, 
Arnout J. Quality control in haemostasis. Acta Clin Belg 
1992;  47: 308-18. 

29. Suryaatmadja M. Specimen collection and handling. 
Southeast Asian J Trop Med Public Health 1999; 30: 
158-65. 

30. Wagar EA, Tamashiro L, Yasin B, Hilborne L, Bruckner 
DA. Patient safety in the clinical laboratory: a longitudinal 
analysis of specimen identification errors. Arch Pathol 
Lab Med 2006; 130: 1662-8. 

31. Bowen R, Hortin G, Csako G, Otanez O, Remaley O. 



 

16 International Journal of Biomedical Laboratory Science (IJBLS) 2013 Vo1. 2, No. 1:7-16 
 

Impact of blood collection devices on clinical chemistry 
assays. Clin Biochem 2010; 43: 4-25.  

32. Nauck M, Nauck M, Koetting J. A recapping system for 
automatic, semiautomatic, and manual use. Arch Pathol 
Lab Med 2008; 132: 690-3.  

33. Steindel S, Jones B. Routine outpatient laboratory test 
turnaround times and practice patterns. Arch Pathol Lab 
Med 2002; 126: 11-8. 

34. Felding P, Tryding N, Petersen H, Horrder M. Effects of 
posture on concentration of blood constitutents in 
adults:pratical application of blood specimen collection 
procedures recommended by the Scandinavian Com-
mittee on Reference Values. Scand J Clin Lab Invest 
1980; 40: 615-21.  

35. Ritchie R, Leude T, Craig W. Patient hydration: a major 
source of laboratory uncertainty. Clin Chem Lab Med 
2007; 45: 158-66. 

36. Gräsbeck R. The evolution of the reference value con-
cept. Clin Chem Lab Med 2004; 42: 692-7. 

37. Gama R, Teale J, Marks V. Clinical and laboratory inves-
tigation of adult spontaneous hypoglycaemia. J Clin 
Pathol 2003; 56: 641-6. 

38. Rattan A, Lippi G. Frequency and type of preanalytical 
error in a laboratory medicine department in India. Clin 
Chem Lab Med 2008; 46: 1657-9.  

39. Wiwanitkit V, Lekngarm P. Requisition errors for blood 
glucose tests: a hospital-based study. Lab Med 2007; 38: 
559-60. 

40. O’Kane M. The reporting, classification and grading of 
quality failures in the medical laboratory. Clin Chim Acta 
2009; 404: 28-31.  

41. Tripodi A, Breukink-Engbers WG, van den Besselaar AM. 
Oral anticoagulant monitoring by laboratory or near-patie
nt testing: what a clinician should be aware of. Semin 
Vasc Med 2003; 3: 243-54. 

42. Roshan T, Rosline H, Rapiaah M, Zaidah A, Khattak MN. 
Hematological reference values of healthy Malaysian 
population. Int J Lab Hematol 2009; 31: 505-12. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


